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5. 电磁波的辐射
全章重点



5.1 电磁场的标势和⽮
势

（电磁场的场论描述）















Ludvig Lorenz Hendrik Lorentz



推导











5.2 推迟势 (retarded)









�函数只有积分意义





gauss law

推导







5.3 电偶极辐射





复习



bi-taylor  
expansion
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空间均匀分 布的交变电流
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作业(3.19/3.20)

电磁波解
静电场解
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5.4 磁偶极辐射&电四
极辐射
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5.5 天线辐射(antena)
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plot!
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5.6 电磁波的衍射

⼏何光学的失效！
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远场衍射



k?

同相位光线

透镜作⽤（逆光路）： 
等效为⽆穷远处点源发出的光， 
到达屏处为近似平⾏光， 
这些光的光程⼀样⻓。
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5.7 电磁场动量





时间演化
空间分布

















讲解
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简单地说，就是研发出质量为克级、邮票⼤⼩的⾃动化太空探测飞⾏器，

由激光阵列驱动纳⽶光帆，加速到五分之⼀光速，如果成功的话，

约20年后到达半⼈马座阿尔法星，拍下影像传回地球。

“突破摄星”



奥陌陌（ʻOumuamua，别名C/2017 U1 (PANSTARRS)、A/2017 U1、1l/2017 U1）是已知的第⼀颗经过太阳系的星际天体。ʻ
Oumuamua在夏威夷语中意为“侦查兵”或“信使”。2017年10⽉19⽇，被科学家们发现。ʻOumuamua直径在百⽶级，以每秒26公⾥左右的
速度从天琴座⽅向冲进太阳系，近乎与⻩道⾯垂直。呈现⼀个雪茄状，⼤约⻓400⽶，宽40⽶，颜⾊偏红，具有固态表⾯，但是不能区分
或岩⽯或⾦属构成。是⼈类⾸次在太阳系内发现系外天体

https://baike.baidu.com/item/%E5%A4%AA%E9%98%B3%E7%B3%BB/173281
https://baike.baidu.com/item/%E5%85%AC%E9%87%8C/90037
https://baike.baidu.com/item/%E5%A4%A9%E7%90%B4%E5%BA%A7/25612
https://baike.baidu.com/item/%E9%BB%84%E9%81%93/14773
https://baike.baidu.com/item/%E5%B2%A9%E7%9F%B3/256753
https://baike.baidu.com/item/%E9%87%91%E5%B1%9E/190330


On `Oumuamua by Abraham (Avi) Loeb, Harvard University (Nov 5, 2018) 
 

 
  
My approach to the puzzling properties of `Oumuamua is purely scientific and evidence-
based. I follow the maxim of Sherlock Holmes: "... when you have excluded the 
impossible, whatever remains, however improbable, must be the truth." 
 
Are we alone? Our new paper suggests that the first evidence for an extraterrestrial 
technology may have just passed by the Earth a year ago. The object was dubbed 
`Oumuamua by the Pan-STARRS collaboration which spotted it on an orbit originating 
from outside the Solar System.  
 
Since its discovery, `Oumuamua showed unusual features. These features make 
`Oumuamua weird, belonging to a class of objects that we had never seen before. 
Based on its reflection of sunlight, it was inferred to be much more elongated or 
flattened than any known asteroid or comet in the Solar System. We do not have an 
image of it. The information about its shape stems from the variation in reflected 
sunlight as it spins. Even a thin sheet that is folded as an umbrella might appear from a 
distance similar to a rotating cigar based on the variation of reflected sunlight. 
 
Moreover, `Oumuamua's motion indicated that it originated outside the Solar System 
from the so-called “Local Standard of Rest" (obtained by averaging the random motions 
of all nearby stars), with less than one in 500 nearby stars being as slow in that frame.  
 
But most intriguing was the fact that its trajectory deviated from that expected based on 
the Sun’s gravitational force. Such a deviation could be caused through a rocket effect 
from cometary outgassing (due to the vaporization of ice by heating from the Sun), but 
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