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Abstract. It will be shown how the magnetic vector potential, A, is a momentum which is 

central to Faraday’s law of electromagnetic induction, and how the convective 

electromagnetic force E = v×B is the factor which enables the total time derivative to be 

used in Faraday’s law. 

 

                                             Introduction  
 

I. If we start with a vector field, A, and take a total time derivative, this can be 

split into a partial time derivative and a convective term as per, 

 

dA/dt = ∂A/∂t + (v.∇)A                                                                          (1) 

 

       This is a standard theorem in applied mathematics. Now additionally there 

exists a vector identity formula for the gradient of the scalar product of two 

vectors as follows, 

 

∇(A.v) = A×(∇×v) + v×(∇×A) + (A.∇)v + (v.∇)A                                 (2) 

 

       If, however, v, is an arbitrary particle velocity and not a vector field, then 

both the curl and the gradient of v will be zero. Equation (2) therefore reduces 

to,  

 

∇(A.v) = v×(∇×A) + (v.∇)A                                                                   (3) 

 

       Substituting (3) into (1) we get, 

 

dA/dt = ∂A/∂t − v×(∇×A) + ∇(A.v)                                                       (4) 

 

       If we now define a vector, E, such that E = −dA/dt, and a vector, B, such 

that B = ∇×A, this leads to, 

 

E = −∂A/∂t + v×B − ∇(A.v)                                                                   (5) 

 

       Taking the curl of E, and since the curl of a gradient is always zero, we get, 

 

mailto:sirius184@hotmail.com


2 

 

∇×E = −∂B/∂t − (v.∇)B                                                                          (6) 

 

(see Appendix I) 

 

       and hence from equation (1), 

 

∇×E = −dB/dt                                                                                         (7) 

 

       If E is a force, then this is the full Faraday’s law involving both the time 

varying and convective aspects, and A must be a circulating momentum with B 

being the corresponding axial vector field. A is therefore the foundation stone of 

electromagnetism. Maxwell referred to it as the electromagnetic momentum 

and he identified it with Faraday’s electrotonic state. It is referred to in modern 

textbooks as the magnetic vector potential. Space must therefore be filled with 

tiny circulations with their mutual rotation axes tracing out the prevailing 

magnetic lines of force. The vector A can be shown to correspond to Maxwell’s 

displacement current [1]. 

 

 

                                                Conclusion 
 

II. Faraday’s law can be derived directly from hydrodynamics without any 

experimental input. However, in the case of the substantive equation (5) for the 

electromagnetically induced E field, we have a term ∇(A.v) which we don’t 

want if we wish to replicate that which appears in the textbooks. We got rid of it 

above by taking the curl of equation (5), but in order to get rid of it in substance, 

we need to establish an appropriate physical context. 

       First of all, we will consider the vector A to be the momentum at any point 

in space of a fundamental electric fluid which pervades all of space. As regards 

equation (1), we will conclude that the partial time derivative term ∂A/∂t 

represents the acceleration of this primary aethereal fluid at any particular point, 

and that it imparts its acceleration to sinks and sources within it at that point. 

These sinks and sources constitute negative and positive particles. Particles do 

not however necessarily take on the velocity of the primary fluid. When 

particles move relative to the primary fluid, their acceleration relative to the 

fluid is given by the convective term (v.∇)A in equation (1). In the special case 

when ∇(A.v) is equal to zero, (v.∇)A then becomes equal to v×B. Although the 

scalar product A.v is used in Lagrangian mechanics as the potential function for 

−∂A/∂t + v×B, it makes no difference that the product is zero. It doesn’t mean 

that either A or v has to be zero. 

       We need to establish a physical context in which A.v is zero and the 

obvious case is where a particle moves perpendicularly to A, and where A has a 

non-zero curl such as would be the case if a particle were cutting across a 
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curved arc of flow. For such a situation to be sustained on a constant basis we 

would require space to be densely packed with tiny aethereal vortices, being the 

equivalent of a single rotation on the large scale [2], [3], [4]. It is proposed that 

this is what the cross-section of a magnetic field looks like and that E = v×B is a 

deflection due to rotation that is closely related to the Coriolis force.  Since curl 

A = µH = B, the magnetic field intensity H is a vorticity, equivalent to 2ω in the 

context, where ω is the angular velocity. The magnetic permeability, µ, is a 

weighting for the magnetic flux density B, and so it represents the cross-

sectional density of the magnetic field. Hence E = 2µv×ω, which looks very 

like the familiar Coriolis force F = 2mv×ω. The speed v is of course measured 

relative to the sea of aether vortices that pervades all of space.                                                                                                    

                                                       

 

                                                     Appendix I 

 

It’s a standard vector identity that the curl of a vector cross product expands as 

follows, 

 

∇×(v×B) = v(∇.B) − B(∇.v) + (B.∇)v − (v.∇)B                                     (1B) 

 
If v represents an arbitrary particle velocity, and since ∇.B = 0, this reduces to, 

 

∇×(v×B) = −(v.∇)B                                                                                (2B) 
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