
Copyright statement 

• The images and the pictures in this lecture 
are provided by the CDs accompanied by 
the books 

   1. University Physics, Bauer and Westfall,    

      McGraw-Hill, 2011.    

   2. Principles of Physics, Halliday, Resnick,  

      and Walker, Wiley, 8th and 9th Ed. 

• The rest is made by me. 



Maxwell’s equations   



Magnetism and electrons 

Orbital magnetic dipole moment 



Non-uniform magnetic 
field 



Spin magnetic dipole moment 

Planck constant 

(Bohr magneton) 



Magnetic material 

• diamagnetism: induced magnetic dipole 
moment in external magnetic field 

• paramagnetism: permanent magnetic 
dipole moments distributed randomly 

• ferromagnetism: permanent magnetic 
dipole moment aligned in one direction 



Magnetic properties 
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paramagnetic ferromagnetic 

antiferromagnetic 준강자성 



물질의 자기적 성질: ferromagnetism 



Maxwell’s equations 

Electromagnetic wave 
equation 
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Spectrum of EM waves 



Velocity of EM waves in vacuum 

1) It is defined as c = 299,792,458 m/sec. 

    (근사적으로 초속 30만 km) 

2) c is the same independent of frequency. 

    Cf). 프리즘에서의 광선의 분산현상 

3) c is independent of the frames of the observer. 

   cf). 달리는 기차를 쫓아가며 관측한 기차의 속도 
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Properties of EM waves 

1. The EM fields oscillate orthogonal to the 
propagation. (transverse wave) 

2. Electric fields are orthogonal to magnetic fields 

3.  ExB is the direction of the EM waves.  

4. EM fields oscillate with the same frequency and 
the same phase. 



Picture of propagating EM waves 
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EM wave and Maxwell eq. : wave equation 
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Electromagnetic wave and Maxwell’s equations 
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EM waves and Maxwell’s equations 



Faraday’s law 


