第四章 电磁波的传播
1．考虑两列振幅相同偏振方向相同，频率分别为
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的线偏振平面波。它们都沿z轴方向传播

(1) 求合成波。求证波的振幅不是常数。而是一个波。
(2) 求合成波的相位传播速度和振幅传播速度。

解：（1）    
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所以振幅为
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2．以平面电磁波以
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的介质。电场强度垂直于入射面。求反射系数和折射系数。

解：由
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由定义:
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3．有一可见平面波由水入射到空气,入射角为
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,证明这时将会发生全反射,并求折射波沿表面传播的相速度和进入空气的深度.设该波在空气中的波长为
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4．频率为
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所以有


[image: image83.wmf]ï

î

ï

í

ì

=

´

-

=

´

)

2

(

B

i

E

k

i

)

1

(

D

i

B

k

i

1

L

L

L

L

w

w

m

  

将（2）代入（1）得     
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（3）                  
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 因为  
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5．有两个频率和振幅都相等的平面单色波沿
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,求合成波的偏振.反之,一个圆偏振可以分解为怎样的两个线偏振?
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6．平面电磁波垂直射入到金属表面上,试证明透入金属内部的电磁波能量全部变为焦耳热.

解:
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由（1）=（2）, 所以透入金属内部的电磁波能量全部变为焦耳热.

7．已知海水的
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8．平面电磁波由真空倾斜入射到导电介质表面上,入射角为
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,求导电介质中电磁波的相速度和衰减长度,若导电介质为金属,结果如何?

       提示:导电介质中的电磁波波矢量
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解:由边值关系
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设入射角为θ,则有:
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可见,透射波矢
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于是，由⑥⑦两式得到关于
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这说明对于良导体,电磁波倾斜入射与垂直入射所得的结果是相近的。
9．无限长的矩形波导管,在z=0处被一块垂直地插入的理想导体平板完全封闭,求在z=-∞到z=0这段管内可能存在的波模.
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10．电磁波
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由（9）（11）解得：
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11．写出矩形波导管内磁场
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满足的方程及边界条件.

解: 由 

[image: image162.wmf](

)

(

)

D

t

H

t

´

Ñ

¶

¶

=

´

Ñ

´

Ñ

¶

¶

=

´

Ñ

D

H


又由 

[image: image163.wmf](

)

2

2

2

t

H

H

H

t

B

D

¶

¶

-

=

Ñ

-

×

Ñ

Ñ

\

¶

¶

-

=

×

Ñ

em

e


由

[image: image164.wmf]0

=

×

Ñ

H


得

[image: image165.wmf]0

H

2

2

2

=

¶

¶

-

Ñ

t

H

em

 
由

[image: image166.wmf](

)

(

)

wt

i

exp

x

H

H

-

=

,


[image: image167.wmf](

)

(

)

(

)

0

,

0

2

2

2

2

=

+

Ñ

Þ

=

-

-

Ñ

\

x

H

w

H

x

H

w

H

em

em

,

令
[image: image168.wmf]2

2

w

k

em

=


得: 

[image: image169.wmf](

)

0

2

2

=

+

Ñ

x

H

k

H


由

[image: image170.wmf]0

,

0

=

×

=

×

Ñ

k

n

H


得:


[image: image171.wmf]ï

ï

î

ï

ï

í

ì

=

¶

¶

=

¶

¶

=

=

=

¶

¶

=

¶

¶

=

=

0

,

0

,

0

H

,

0

0

,

0

,

0

H

,

0

y

x

y

H

y

H

b

y

x

H

x

H

a

x

z

x

z

y

处，

处，


12．论证矩形波导管内不存在
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当(0,n)时,
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即在（m,0）,(n,0)下，只有一组特解，由10题结果可得:
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相应的截止波长为
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以 a=0.7cm,b=0.4cm, 及 a=0.7cm,b=0.6cm,分别代入上式，可算出最初几个波形的截至波长，列如下表：
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所以,对于
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微波,0.7cm×0.4cm的矩形波导管只能传
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波, 0.7cm×0.6cm的矩形波导管只能传
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波.

14．一对无限大的平行理想导体板,相距为b,电磁波沿平行于版面的正方向传播,设波在x方向是均匀的,求可能传播的波摸和每种波摸的截止频率.
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代入分离变量得:
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解得

[image: image206.wmf]  

;

y  

sink

D

y

cosk

C

E

  

;

  

y

sink

D

y

cosk

C

E

  

y  

sink

D

y

cosk

C

E

y

3

y

3

z

y

2

y

2

y

y

1

y

1

x

+

=

+

=

+

=


由边界条件:
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当y=0,b时
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其中
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截止频率
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15．证明整个谐振腔内的电场能量和磁场能量对时间的平均值总相等.

证明:
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将E的方程代入得:


[image: image218.wmf](

)

(

)

(

)

(

)

(

)

(

)

ï

ï

ï

î

ï

ï

ï

í

ì

-

-

=

-

-

=

-

-

=

iwt

-

zexp

ysink

xcosk

cosk

k

A

k

A

w

i

H

iwt

-

zexp

ycosk

xsink

cosk

k

A

k

A

w

i

H

iwt

-

zexp

ycosk

xcosk

sink

k

A

k

A

w

i

H

z

y

x

y

1

x

2

0

z

z

y

x

x

3

z

1

0

y

z

y

x

z

2

y

3

0

x

m

m

m


电场能量密度对时间平均值为:
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 EMBED Equation.3  [image: image220.wmf]代入得

由

2

T

sin

0

2

=

ò

T

wtdt

                                                                                                
[image: image221.wmf](

)

(

)

(

)

ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ë

é

+

+

=

2

z

y

x

3

2

z

y

x

2

2

z

y

x

1

0

z

ycosk

xsink

cosk

A

z

ysink

xcosk

sink

A

z

ysink

xsink

cosk

A

8

e

                                                                         
[image: image222.wmf](

)

(

)

(

)

(

)

2

3

2

2

2

1

3

2

1

0

3

2

1

2

3

0

3

2

1

2

2

0

3

2

1

2

1

0

2

z

y

x

3

2

0

3

0

1

0

0

2

z

y

x

2

2

0

3

0

1

0

0

2

z

y

x

1

2

0

3

0

1

0

0

64

64

64

64

z

ycosk

xsink

cosk

A

8

z

ysink

xcosk

sink

A

8

z

ysink

xsink

cosk

A

8

W

A

A

A

L

L

L

L

L

L

A

L

L

L

A

L

L

L

A

dxdydz

dxdydz

dxdydz

dv

w

L

L

L

L

L

L

L

L

L

e

e

+

+

=

+

+

=

+

+

=

=

ò

ò

ò

ò

ò

ò

ò

ò

ò

ò

e

e

e

e

e

e

e



[image: image223.wmf]dt

H

4T

dt

H

4

1

T

1

dt

)

H

*

H

(

R

4

1

T

1

dt

T

1

W

T

0

2

0

2

0

T

0

e

0

T

0

T

0

m

m

ò

ò

ò

ò

=

=

=

=

m

m

m

w


[image: image224.wmf](

)

wtdt

sin

z

k

ysin

k

xcos

k

cos

)

k

A

k

A

(

1

z

k

ycos

k

xsin

k

cos

)

k

A

k

A

(

1

z

k

ycos

k

xcos

k

sin

k

A

k

A

1

4T

T

0

2

z

2

y

2

x

2

2

y

1

x

2

2

0

2

z

2

y

2

x

2

2

x

3

z

1

2

0

2

z

2

y

2

x

2

2

z

2

y

3

2

0

2

0

ò

´

ú

ú

ú

ú

ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ê

ê

ê

ê

ë

é

-

+

-

+

-

=

m

w

m

w

m

w

m


由
[image: image225.wmf]

 EMBED Equation.3  [image: image226.wmf]

[image: image227.wmf]2

T

wtdt

sin

T

0

2

=

ò


代入

                   
[image: image228.wmf]2

0

2

0

8

m

w

m

=



 EMBED Equation.3  [image: image229.wmf](

)

ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ë

é

-

+

-

+

-

z

k

ysin

k

xcos

k

cos

)

k

A

k

A

(

z

k

ycos

k

xsin

k

cos

)

k

A

k

A

(

z

k

ycos

k

xcos

k

sin

k

A

k

A

z

2

y

2

x

2

2

y

1

x

2

z

2

y

2

x

2

2

x

3

z

1

z

2

y

2

x

2

2

z

2

y

3



[image: image230.wmf]dV

w

W

m

m

ò

=

 
[image: image231.wmf](

)

ú

ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ê

ë

é

-

+

-

+

-

=

ò

ò

ò

ò

ò

ò

ò

ò

ò

zdxdydz

k

ysin

k

xcos

k

cos

)

k

A

k

A

(

zdxdydz

k

ycos

k

xsin

k

cos

)

k

A

k

A

(

zdxdydz

k

ycos

k

xcos

k

sin

k

A

k

A

8

1

z

2

y

2

x

2

2

y

1

x

2

l

0

l

0

l

0

z

2

y

2

x

2

2

x

3

z

1

l

0

l

0

l

0

z

2

y

2

x

2

2

z

2

y

3

l

0

l

0

l

0

2

0

2

1

2

3

1

2

3

1

2

3

m

w


[image: image232.wmf](

)

[

]

2

y

1

x

2

2

x

3

z

1

2

z

2

y

3

0

2

3

2

1

)

k

A

k

A

(

)

k

A

k

A

(

k

A

k

A

64

l

l

l

-

+

-

+

-

=

m

w


=
[image: image233.wmf]0

2

3

2

1

64

l

l

l

m

w



 EMBED Equation.3  [image: image234.wmf][

-

-

+

-

+

-

)

k

k

(

A

)

k

k

(

A

)

k

k

(

A

x

2

2

1

2

y

2

2

2

2

z

2

2

3

2


                  
[image: image235.wmf]y

x

1

2

x

z

3

1

z

y

2

3

k

k

A

A

2

k

k

A

A

2

k

k

A

A

2

-

-



 EMBED Equation.3  [image: image236.wmf]]


=
[image: image237.wmf]0

2

3

2

1

64

l

l

l

m

w



 EMBED Equation.3  [image: image238.wmf]

 EMBED Equation.3  [image: image239.wmf][

+

+

+

-

+

+

x

2

1

2

2

y

2

2

z

2

3

2

1

2

2

2

3

2

2

k

A

k

A

k

A

(

)

A

A

A

(

k



 EMBED Equation.3  [image: image240.wmf] 

                  
[image: image241.wmf]]

y

x

1

2

x

z

3

1

z

y

2

3

k

k

A

A

2

k

k

A

A

2

k

k

A

A

2

+

+


=
[image: image242.wmf]0

2

3

2

1

64

l

l

l

m

w



 EMBED Equation.3  [image: image243.wmf][

]

2

z

3

y

2

x

1

1

2

2

2

3

2

2

)

k

A

k

A

k

A

(

)

A

A

A

(

k

+

+

-

+

+


=
[image: image244.wmf]0

2

3

2

1

64

l

l

l

m

w



 EMBED Equation.3  [image: image245.wmf])

A

A

A

(

k

3

2

2

2

1

2

2

+

+

 
 由 
[image: image246.wmf]c

w

k

=

得：

＝
[image: image247.wmf]0

2

3

2

1

64

l

l

l

m

w



 EMBED Equation.3  [image: image248.wmf]2

2

c

w

（
[image: image249.wmf])

A

A

A

3

2

2

2

1

2

+

+


＝
[image: image250.wmf]0

2

3

2

1

c

64

l

l

l

m

（
[image: image251.wmf])

A

A

A

3

2

2

2

1

2

+

+


＝
[image: image252.wmf](

64

l

l

2

1

0

e



 EMBED Equation.3  [image: image253.wmf])

A

A

A

3

2

2

2

1

2

+

+


 
[image: image254.wmf]\



[image: image255.wmf]m

w

w

=

e



[image: image256.wmf]\



� EMBED Equation.3  ���








[image: image257.wmf]z

2

2

x

z

z

2

2

,

2

b

s

we

wms

me

w

b

wms

a

b

<<

=

»

»

»

_1162833269.unknown

_1163696191.unknown

_1173358098.unknown

_1173359234.unknown

_1173526485.unknown

_1173527454.unknown

_1173530203.unknown

_1173531301.unknown

_1173531863.unknown

_1173780329.unknown

_1173780494.unknown

_1173531913.unknown

_1173532898.unknown

_1173531625.unknown

_1173531652.unknown

_1173531423.unknown

_1173530648.unknown

_1173530677.unknown

_1173530288.unknown

_1173528527.unknown

_1173528743.unknown

_1173530023.unknown

_1173529138.unknown

_1173528676.unknown

_1173528252.unknown

_1173528298.unknown

_1173527877.unknown

_1173526822.unknown

_1173527051.unknown

_1173527311.unknown

_1173526934.unknown

_1173527022.unknown

_1173526762.unknown

_1173526794.unknown

_1173526563.unknown

_1173378008.unknown

_1173378706.unknown

_1173426796.unknown

_1173427267.unknown

_1173427982.unknown

_1173428186.unknown

_1173427586.unknown

_1173427159.unknown

_1173426672.unknown

_1173426776.unknown

_1173426297.unknown

_1173378269.unknown

_1173378442.unknown

_1173378140.unknown

_1173375363.unknown

_1173375859.unknown

_1173376066.unknown

_1173375821.unknown

_1173375232.unknown

_1173375253.unknown

_1173375189.unknown

_1173358762.unknown

_1173359060.unknown

_1173359121.unknown

_1173359197.unknown

_1173359110.unknown

_1173358919.unknown

_1173358956.unknown

_1173358851.unknown

_1173358528.unknown

_1173358637.unknown

_1173358678.unknown

_1173358606.unknown

_1173358168.unknown

_1173358348.unknown

_1173358135.unknown

_1164037526.unknown

_1173357493.unknown

_1173357759.unknown

_1173357944.unknown

_1173358040.unknown

_1173357799.unknown

_1173357551.unknown

_1173357597.unknown

_1173357520.unknown

_1164735967.unknown

_1173357429.unknown

_1173357455.unknown

_1173357252.unknown

_1164737711.unknown

_1164037786.unknown

_1164038693.unknown

_1164039047.unknown

_1164040663.unknown

_1164042949.unknown

_1164038840.unknown

_1164038378.unknown

_1164037546.unknown

_1164037556.unknown

_1164037534.unknown

_1164009710.unknown

_1164037117.unknown

_1164037406.unknown

_1164037431.unknown

_1164037473.unknown

_1164037489.unknown

_1164037441.unknown

_1164037458.unknown

_1164037313.unknown

_1164037339.unknown

_1164037371.unknown

_1164037151.unknown

_1164012009.unknown

_1164012154.unknown

_1164012173.unknown

_1164012379.unknown

_1164012076.unknown

_1164009980.unknown

_1164011960.unknown

_1164012002.unknown

_1164010156.unknown

_1164010177.unknown

_1164010014.unknown

_1164009927.unknown

_1164009961.unknown

_1164009721.unknown

_1163783817.unknown

_1163877096.unknown

_1164009624.unknown

_1164009690.unknown

_1163877221.unknown

_1163876820.unknown

_1163876927.unknown

_1163875845.unknown

_1163697029.unknown

_1163782651.unknown

_1163783308.unknown

_1163782555.unknown

_1163696803.unknown

_1163696916.unknown

_1163696265.unknown

_1162925402.unknown

_1163181230.unknown

_1163182756.unknown

_1163695872.unknown

_1163696045.unknown

_1163696087.unknown

_1163695893.unknown

_1163183548.unknown

_1163184414.unknown

_1163695712.unknown

_1163184258.unknown

_1163184413.unknown

_1163182773.unknown

_1163182244.unknown

_1163182374.unknown

_1163182438.unknown

_1163182296.unknown

_1163182025.unknown

_1163182052.unknown

_1163181911.unknown

_1162926023.unknown

_1163176176.unknown

_1163181065.unknown

_1163176032.unknown

_1162925838.unknown

_1162925924.unknown

_1162925774.unknown

_1162919523.unknown

_1162925072.unknown

_1162925260.unknown

_1162925286.unknown

_1162925101.unknown

_1162923105.unknown

_1162923300.unknown

_1162922844.unknown

_1162917515.unknown

_1162918354.unknown

_1162918646.unknown

_1162918923.unknown

_1162918152.unknown

_1162835248.unknown

_1162835255.unknown

_1162835141.unknown

_1162467716.unknown

_1162826655.unknown

_1162830131.unknown

_1162832584.unknown

_1162833230.unknown

_1162833240.unknown

_1162832792.unknown

_1162831901.unknown

_1162832058.unknown

_1162830156.unknown

_1162829127.unknown

_1162829357.unknown

_1162830113.unknown

_1162829188.unknown

_1162828988.unknown

_1162829056.unknown

_1162827381.unknown

_1162469127.unknown

_1162469385.unknown

_1162826462.unknown

_1162826537.unknown

_1162826348.unknown

_1162469203.unknown

_1162469284.unknown

_1162469178.unknown

_1162468638.unknown

_1162468776.unknown

_1162468939.unknown

_1162468677.unknown

_1162468015.unknown

_1162468470.unknown

_1162467781.unknown

_1162465291.unknown

_1162466361.unknown

_1162467062.unknown

_1162467549.unknown

_1162467298.unknown

_1162467410.unknown

_1162467536.unknown

_1162467122.unknown

_1162466688.unknown

_1162466827.unknown

_1162466649.unknown

_1162465899.unknown

_1162465998.unknown

_1162466252.unknown

_1162465915.unknown

_1162465819.unknown

_1162465853.unknown

_1162465596.unknown

_1162317533.unknown

_1162463107.unknown

_1162464730.unknown

_1162465197.unknown

_1162463838.unknown

_1162464372.unknown

_1162317651.unknown

_1162462775.unknown

_1162317585.unknown

_1162316689.unknown

_1162317064.unknown

_1162317389.unknown

_1162317461.unknown

_1162317105.unknown

_1162316700.unknown

_1162312435.unknown

_1162316633.unknown

_1162312407.unknown

