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1.2 LAWS GOVERNING MAGNETIC CIRCUITS 

 Consider the magnetic circuit in the last section with an air gap of length lg cut in 

the middle of a leg as shown in figure (a) in the diagram below. As they cross the air 

gap, the magnetic flux lines bulge outward somewhat as illustrate in figure (b). The 

effect of the fringing field is to increase the effective cross sectional area Ag of the air 

gap. By Ampere’s law, we can write 

 

According to Gauss’ law in magnetics, 

 

 

 

 

Figure 1.2.1 A Simple Magnetic Circuit with an air gap 

[Source: “‘Electric Machinery Fundamentals” by Stephen J. Chapman, Page: 54] 

 

Therefore, 
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 That is, the above magnetic circuit with an air gap is analogous to a series electric 

circuit. Further, if we regard Hclc and Hglg as the “voltage drops” across the reluctance of 

the core and airgap respectively, the above equation from Ampere’s law can be 

interpreted as an analog to the Kirchhoff’s voltage law (KVL) in electric circuit theory, 

or 

 The Kirchhoff’s current law (KCL) can be derived from the Gauss’ law in 

magnetics. Consider a magnetic circuit as shown below. When the Gauss’ law is applied 

to the T joint in the circuit, we have 

 

Figure 1.2.1 Magnetic circuit of T joints 

[Source: “‘Electric Machinery Fundamentals” by Stephen J. Chapman, Page: 56] 

 

 Having derived the Ohm’s law, KVL and KCL in magnetic circuits, we can solve 

very complex magnetic circuits by applying these basic laws. All electrical dc circuit 

analysis techniques, such as mesh analysis and nodal analysis, can also be applied in 

magnetic circuit analysis. For nonlinear magnetic circuits where the nonlinear 

magnetization curves need to be considered, the magnetic reluctance is a function of 

magnetic flux since the permeability is a function of the magnetic field strength or flux 

density. Numerical or graphical methods are required to solve nonlinear problems. 

 


