Mutual Inductance and How to Deal with It

Figure 4 shows a number of inductances in random orientation whose magnetic fields are supposed somehow to be linked so that a time-varying current in any one inductance induces voltage not only in that inductance itself but in all the others as well. The amount and direction of the induced voltage relative to the value of the time-varying current is in each inductance uniquely characterized by an appropriate inductance coefficient; and wherever the induced voltage appears in an inductance other than the one carrying the inducing current, the coefficient is spoken of as a mutual inductance.

To be more specific, suppose that the inducing current is carried by inductance number 1. Let us call this current i1 and assume that at some moment (its rate of change 
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 is +1. By this we mean that the current i1  in the inductance 1 is increasing in the indicated arrow direction at the rate of 1 ampere per second. This time-varying current induces, first of all, a voltage in the inductance 1 itself which clearly must be a voltage drop in the direction of the current i1 since this induced voltage according to Lenz’s law tends to oppose the current increase that is producing it. If we denote voltage drop by v1 we have 
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The numerical coefficient l11 , which is positive, is called the self- inductance (or simply the inductance) of coil number 1.

Because the magnetic field set up by the current i1 links the other inductances also, this time-varying current induced voltage there. These voltages may have directions that are a priori in no way related to the reference arrows placed upon the inductances in which they appear. For example, the voltage induced in coil 2 by the 
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 in coil 1 may be such as to make either the tip and or the tail end of coil 2 momentarily positive with respect to the opposite end. Experimentally one can readily determine which end is the positive one. If it is the tail end, then the induced voltage is such as to be a voltage drop in the arrow direction. In this case, the mutual-inductance coefficient between coils 1 and 2 is said to be positive because the voltage induced in coil 2 is the same in direction as it would be if it were induced by a positive 
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. Note well that this same mutual-inductance coefficient would be considered numerically negative if we changed the reference arrow on coil 2, which we can certainly do if we wish since reference arrows are chosen at will. However, once the reference arrows on coil1 and 2 are fixed, the algebraic sign of the mutual inductance becomes fixed.
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Fig. 4
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