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I) Maxwell says that the velocity which appear in equation (10) is the velocity of the parti-

cle. The definitions reported in note 31 suggest to understand the term particle as “a 
small body charged with the unit positive electricity”, though in the case of a material 
body the use of this term is not appropriate. Anyway, the calculation performed by 
Maxwell shows that the velocity we are speaking about is the velocity of an element of 
the induced (secondary) circuit. As a matter of fact, Maxwell did not have a model for 
the current, because he did not have a model for the electricity: 

 
The electric current cannot be conceived except as a kinetic phenomenon. […] The effects of 
the current, such as electrolysis, and the transfer of electrification from one body to another, are 
all progressive actions which require time for their accomplishment, and are therefore of the na-
ture of motions. 
As to the velocity of the current, we have shewn that we know nothing about it, it may be the 
tenth of an inch in an hour, or a hundred thousand miles in a second (Exp. Res., 1648). So far 
are we from knowing its absolute value in any case, that we do not even know wether what we 
call the positive direction is the actual direction of the motion or the reverse.35 

  

Now, we easily write that vneJ
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 is the current density due to n electrons per unit 
volume if v
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is their velocity. Maxwell could not write anything similar. 

 
II) Apart from the meaning of v

r
, equation (11) is the same as equation (9) of our deriva-

tion. For Maxwell too, the “flux rule” is only a particular case of a more general law. 
However, Maxwell does not comment on this point. 

 
9. We do not know 

 
The “flashbacks” reported above suggest that the question “why the flux rule?” is, from a historical 
point of view, legitimate independently from the correctness of the general law presented in this pa-
per. 
In fact: 
 

1. The Faraday’s physics of lines of magnetic force has not been completely translated into a 
mathematical form (of course, we are not sure that such a translation is possible). 

2. The “flux rule” is not a mathematical translation of the physics of lines of magnetic force. 
3. In Maxwell’s Treatise, the “flux rule” is accompanied by “a general equation of electromo-

tive intensity” (10) with a correspondent “general equation of induced emf” (11). The veloc-
ity appearing in these equations is the velocity of the element of the circuit and not the ve-
locity of the charges  contained in it. However, equation (11) coincides with our equation (9) 
which is the general law of induction written for loops of wire (when the contribution of the 
charge drift velocity vanishes). 

4. The explicit formulation of Lorentz force should have suggested a revision of all the subject. 
 
I believe that there is a stimulating historical problem. 
 

                                                 
35 Ibidem, p. 210-211, (569). The quoted paragraph of Faraday’s Experimental Researches says: “As long as the terms 
current and electro-dynamic are used to express those relations of the electric forces i n which progression of either flu-
ids or effects are supposed to occur (283), so long will the idea of velocity be associated with them; and this will, per-
haps, be more especially the case if the hypothesis of a fluid or fluids be adopted”. And, in Faraday’s paragraph 283: 
“By current, I mean anything progressive, wether it be a fluid of electricity, or two fluids moving in opposite directions, 
or merely vibrations, or, speaking more generally, progressive forces. […]”. 


