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Maxwell’s equations 

1. They are the differential form of 

the EM field laws in non-moving 

media: 

 

2. In addition, to obtain a complete 

system of equations, the 

constitutive relations should be 

added 

 

3. In vacuum, the EM field is 

described only by E and H: 
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They are compatible with 

the Einstein’s theory of 

relativity, being invariant 

in inertial moving 

reference systems 

(invariant to the Lorentz 

transform) 
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Diagram of fundamental EM 
phenomena (causal relations) 
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Full Wave Loss-Less regime 
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Sources: Ei,, Mp, Pp,  
Fields: E, D, H, (div-free) B 

Potentials: A, V 

Material constants: ε, μ 

PDE of hyperbolic type   

Field is propagating  in space  

 

 

LL hypothesis: 

1. No movement 

2. No conductive losses (σ=0, J=0) 

3. No hysteretic losses of dielectric or 

magnetic nature 



© LMN 2007 EM Field Theory – 1. EM Quantities 

_  

Electro-dynamic potentials, 
second order equations 

 

Ecuatii de tip 

hiperbolic 
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Fundamental problem, 
solution uniqueness 
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• Field internal sources  (CS): Pp(r,t);  Mp(r,t),   r  D  ,  t  [0,T];  

    Ji(r,t) =  Ei(r,t) ,  r  D  ,   t  [0,T];  

• Boundary conditions on S (CS): Et(r,t), r  SE ;  Ht(r,t), r  SH =S- SE, t  [0,T];  

• Initial conditions  (C0):  D(r,0);  B(r,0),  r  D,  for  t = 0. 

 

The prove is based on the lemma of trivial solution:  

Maxwell equations with zero CS, CS, C0 have only zero solution   

Maxwell equations in linear media with , , >0 and permanent sources: 

have a unique solution in D bounded by S for any 0<t<T, if there are known: 
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Loss-less full wave EM field 
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Open boundary conditions 

• ABC – Absorbing Boundary Condition, e.g. Mur b.c. 

 

 

Were W are field components, or second order approximation - 
Enquist Majda b.c.   

 

 

 

                                                                        f if 

 
 

• PML – Perfect Matched Layer, e.g. Berenger’s b.c. 

 

• FEM-BEM – Coupled Finite Element – Boundary Element 
Method, e.g. EFIE – Electric Field Integral Equations or MFIE – 
Magnetic Field Integral Equations (see harmonic fields)  
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PML – Perfect Matched Layer 

 

 

 

 

 

 

 

In PML: electric and “magnetic” (artificial) conductivity,  

or an anisotropic absorber in PML with material tensor: 
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EM waves scattering. Radar 

Cross Section 
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Weak formulation 
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Weak formulation 
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Integral equations in time 
domain 

• Retarded potentials 
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Applications 

• Antenna 

• Wave guides 

• Resonant cavities 

• Microwave heating (ovens) 

• Wireless communication 

• Radio, TV 

• Cellular - mobile phones 

• Radar 

• Stealth objects 

• Meta-materials 

• Radio-navigation (marine, aero)  

• GPS 

• RFID 
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Specrul electromagnetoc 
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Specrul electromagnetoc 
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Alocarea frecventelor in SUA 
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Applications 
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Radar 

 

http://www.airforce-technology.com/projects/e3awacs/e3awacs3.html
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Stealth 

http://onlyhdwallpapers.com/wallpaper/bomber_spirit_stealth_b2_b-2_desktop_2754x1692_wallpaper-424279.jpg
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Applications 

• RFID, RFIC 
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Not so easy questions for 
curious people 

1. How are the second order equations for FW regime?  

2. What kind of potentials are used in ED regime? 

3. What are the initial conditions in this regime?  

4. What are boundary conditions in this regime? 

5. How may be treated the open domains? 

6. What is the wave scattering? 

7. How is the weak formulation of FW-EM field? 

8. How is the integral formulation of FW-EM field? 
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