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MQS-Magneto-Quasi-Static Field 
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MQS equations 

• Hypothesis: 
–  no movement 
–  slow time variation 
–  capacitive effects are 

neglected 
 

• Fundamental  
    Equations: 
• Gauss’ theorem 
• Ampere’s theorem 
• Magnetic and conductive 

constitutive relations 
• Induction law 

 
 

• Field sources: 
– Conduction current 

• MQS field is similar to 
MG+EC , but J is unknown  
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MQS equations –  
AV formulation 

• First order: 
 
 
 
 
 
 
 

• Second order: 
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• On surfaces: 
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Parabolic equations! 
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MQS equations -  
TVm  (TΩ) formulation 

• First order: 
 
 
 
 
 

• Second order: 
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• On surfaces: 
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Boundary conditions for AV 
formuation 

BHtNABDAt SSPSPP   on  ,)()curl(             0 on ),()( hfnAnfA 

with Coulomb gauge condition 

Vector boundary conditions are necessary for a unique solution 

 Dirichlet b.c.                                                 Neumann b,c.  
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• Magnetic vector potential (parabolic, gen. diffusion vect. eq.): 

 

 

 

• Electric scalar potential (gen. Laplace eq.):  
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The fundamental MQS problem 
in terms of fields    

Input (known) data: 

–  Computational domain D bounded by  

–  (CM) Material characteristics σ,(r)>0 in D 

–  (CD) Internal field sources  Ji(r) in D 

–  (C’ Boundary conditions 

Et(r) on SD connected and  Jn(r) on SN=-SD 

Ht(r) on SH connected and  Bn(r) on SB=-SH 

        -   (IC Initial conditions: B(r) on D 

 

 
 

Output data (solution): H(r), B(r), J(r), E(r), in D 

For unique potential A,V: 

and gauged equation: …..  
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Eddy current problems: 
MG+MQS 

• In most practical cases: 
initial cond. B(0)=0 

boundary conditions 
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Semnificatia conditiilor de 
frontiera 
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Second order equations: 
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Boundary conditions for 
potentials: 
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Weak form of gauged field  

 

There is not an energy functional!!!! 



© LMN 2007 EM Field Theory – 9. Magnetostatic fields 

_  

Weak form of un-gauged 
field 
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MQS applications 

• Transformers 
• Induction motors 
• Electric generators 
• Eddy currents breaks 
• Inductive heating 
• Meters – inductions counters 
• Eddy currents testing 
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Inductive heating 

•   

Induction cooktop 
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MQS applications: 
 

•                  Counters, motors, trafos 
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Hydro- and turbo-generators 
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Eddy current testing 

• Nuclear plants         Air crafts 
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Not so easy questions, for 
curious people 

1. How are first order MQS equations? 

2. What type of potentials may be defined in MQS regime? 

3. How are the second order equations for these potentials? 

4. How are the boundary conditions for each potential to be unique?  

5. How may be proven the uniqueness theorem? 

6. What are MQS boundary conditions in semi-bounded domains? 

7. How may be defined magnetic circuits in MQS regime? 

8. What space may be used for  trial and test functions in weak MQS formulation? 

9. How are the integral equations of MQS field? 

10. What about solution existence? What is a curl-curl operator? 

11. What about nonlinear magnetic materials?  

12. What about hysteresis?  

13. What are the main novelties and difficulties of MQS regime, compared with static 

and steady state regimes? 

14. Which of TEAM benchmarks are MQS problems? 

 


