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7. 带电粒⼦和电磁场的
相互作⽤

[只考本透明⽚上所列内容（例题，概念）]



1. 辐射场 vs 库伦场 
2. 频谱分析 
3. 轫致辐射 
4. 同步辐射 
5. 切伦科夫辐射 
6. 散射

[本章重点]



7.1 运动带电粒⼦的势
&辐射电磁场













[推导]









7.2 ⾼速运动带电粒⼦
的辐射 [课下⾃学]









7.3 辐射的频谱分析





引⼒波的数据分析、星系巡天的数据分析













⽅向性



bremsstrahlung／braking radiation



● 轫 
（軔） 
rèn ㄖㄣˋ 
　1. 阻⽌车轮转动的⽊头，车开动时，
则将其抽⾛：发～（喻事业开始）。 
　2. 柔弱，情怠。 
　3. 古同“仞”。



[推导]



(3.22 & 3.23) 
==>



射电 伽⻢暴







[Sec. 7.2]



强磁场



7.4 Cerenkov 
radiation



blue glory of nuclear  
reactor under the water

speed of light in  
water is ~ 0.75c

The speed of source of the light (charged particle) 
is greater than light 

A common analogy is the sonic boom of a supersonic aircraft or bullet. The sound waves generated by the supersonic body 
propagate at the speed of sound itself; as such, the waves travel slower than the speeding object and cannot propagate 
forward from the body, instead forming a shock front. In a similar way, a charged particle can generate a light shock wave as 
it travels through an insulator.

https://en.wikipedia.org/wiki/Sonic_boom
https://en.wikipedia.org/wiki/Supersonic
https://en.wikipedia.org/wiki/Aircraft
https://en.wikipedia.org/wiki/Bullet
https://en.wikipedia.org/wiki/Sound
https://en.wikipedia.org/wiki/Supersonic
https://en.wikipedia.org/wiki/Shock_wave
https://en.wikipedia.org/wiki/Shock_wave
























7.5 back reaction
[课下⾃学]











7.6 Scattering



[credit: W. Hu]



[Sec. 7.5]



经典电⼦半径





4⇡r2e ?





Compton scattering  
VS.  

Thomson scattering







Why SKY is blue?
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波粒⼆象性——共振



Thomson Scattering
Does not change the photon energy, just the direction

h⌫ ⌧ mec
2

<latexit sha1_base64="KwHM2KDNyiz0WdkKmt7rU/g2PmY=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BIvgqeyWgh6LXjxWsB/Q3ZZsOtuGJtklySpl6f/w4kERr/4Xb/4b03YP2vpg4PHeDDPzwoQzbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TRaFFYx6rbkg0cCahZZjh0E0UEBFy6IST27nfeQSlWSwfzDSBQJCRZBGjxFipP/Zl6nOOxQBovzYoV9yquwBeJ15OKihHc1D+8ocxTQVIQznRuue5iQkyogyjHGYlP9WQEDohI+hZKokAHWSLq2f4wipDHMXKljR4of6eyIjQeipC2ymIGetVby7+5/VSE10HGZNJakDS5aIo5djEeB4BHjIF1PCpJYQqZm/FdEwUocYGVbIheKsvr5N2rerVq/X7eqVxk8dRRGfoHF0iD12hBrpDTdRCFCn0jF7Rm/PkvDjvzseyteDkM6foD5zPH/l2kiw=</latexit>

non-relativistic scattering elastic scattering



time

scatter out

scatter in

volume element in phase space



time

scatter out

scatter in

volume element in phase space



Q: If Thomson Scattering process does not 
transfer energy, how to mix hot and cold region 

via TS?



Scattering is a process that does not remove energy 
from the radiation field, but may redirect it. 
NOTE: Scattering can be thought of as absorption of radiative 
energy followed by re-emission back to the electromagnetic 
field with negligible conversion of energy. Thus, scattering can 
remove radiative energy of a light beam traveling in one 
direction, but can be a “source” of radiative energy for the light 
beams traveling in other directions. 

A:  



I⌫ =
2h⌫3

c2
1

eh⌫/kBT � 1

<latexit sha1_base64="MPhFUq3B7VTX3n4sHylqpDGmwBE=">AAACHXicbZDLSgMxFIYz9VbrrerSzWAR3Fhn6oBuhFI3uqvQG3SmQybNtKGZzJBkhBLmRdz4Km5cKOLCjfg2ppeFtv4Q+POdc0jOHySUCGlZ30ZuZXVtfSO/Wdja3tndK+4ftESccoSbKKYx7wRQYEoYbkoiKe4kHMMooLgdjG4m9fYD5oLErCHHCfYiOGAkJAhKjfyic+crl6XZtRtyiFRlqC+9i0yhXiWbITtTuKcm/Hzk1xrZmZ35xZJVtqYyl409NyUwV90vfrr9GKURZhJRKETXthLpKcglQRRnBTcVOIFoBAe4qy2DERaemm6XmSea9M0w5vowaU7p7wkFIyHGUaA7IyiHYrE2gf/VuqkMrzxFWJJKzNDsoTClpozNSVRmn3CMJB1rAxEn+q8mGkKdidSBFnQI9uLKy6ZVKdtO2bl3StXaPI48OALH4BTY4BJUwS2ogyZA4BE8g1fwZjwZL8a78TFrzRnzmUPwR8bXDxH0ooM=</latexit>

T I⌫

<latexit sha1_base64="PrePAkcVcO7gAd+W63C3ycjXZfk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FL3qrYD+gDWWz3bRLN5uwOxFK6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ37nSeujYjVI04T7kd0pEQoGEUrde4HWV+ls0G54lbdBcg68XJSgRzNQfmrP4xZGnGFTFJjep6boJ9RjYJJPiv1U8MTyiZ0xHuWKhpx42eLc2fkwipDEsbalkKyUH9PZDQyZhoFtjOiODar3lz8z+ulGF77mVBJilyx5aIwlQRjMv+dDIXmDOXUEsq0sLcSNqaaMrQJlWwI3urL66R9VfVq1dpDrdK4yeMowhmcwyV4UIcG3EETWsBgAs/wCm9O4rw4787HsrXg5DOn8AfO5w9yPo+m</latexit>

Number of photon in the  

volume element

More photons are scattered in via TS, the hotter. And vice versa. 


