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Abstract. A harmonious formulation of the inverse-square laws for fields shows that elemental
sources are rightfully represented as scalars for both gravitational and electric fields, but as
vectors for magnetic fields. This permits an effective simple illustration that, unlike the
gravitational or electric flux, the magnetic flux out of any closed surface is zero irrespective of
whether the enclosed magnetic source is dipolar or non-dipolar. Then Gauss’ law can be re-
stated as: Out of any enclosing surface, if the enclosed source is a scalar quantity, the net flux
is equal to the source itself, whereas if the enclosed source is any vector quantity, the net flux
is the scalar zero, and thus independent of both the source and the enclosing surface.

1. Elemental scalar and vector charges

A harmonized representation of elemental sources of fields and the inverse-square laws [1] are used to
express elemental fluxes of gravitational, electric and magnetic fields over an elemental surface. When
distributed over a space of volume v', the elemental scalar and vector sources of fields, that is a mass

dm’ or an electric scalar charge dq’ and a magnetic vector charge dQ" which are physical attributes
of materials, can be expressed in terms of their gravitational scalar p;,, electric scalar p, and
magnetic vector u,J' = Zu,J" volume densities as

dm’ = p;.dv’ (1a)
dg’ = pdv’ (1b)
dQ’ = pyJd'dv’ (1c)

where J'=2J" is the electric current volume density in the z -direction. We show that the scalar or
vector nature of the sources determines what the net elemental outward flux would be. Then by
superposition the results are generalized to any distributed source.

2. Net elemental flux out of a spherical or cylindrical surface
If a particle characterized by the elemental sources dm’, dg’ and dQ’ is located at the origin O of

coordinates (see figures 1 and 2), then its free space elemental gravitational &,dg, electric dD = ¢,dE
and magnetic dB = u,dH flux densities can be similarly expressed as [1]:



Figure 1. A spherical surface centrally enclosing a scalar (dm’ or dqg’) or a vector (dQ'") source.
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where the outward radial vector RR = pp+@0+ 2z, in spherical and cylindrical coordinates, is from
the source point to the field point. Here 42G¢&, =—-1 and cguogo =+1 relate the gravitativity

&, =—1.193x10° kg® m™ N, permittivity &, =+8.854x102 C> m N* and permeability

1y = +4m x107 Wb? m~ N7 in vacuum to the universal gravitational constant G and the speed Co

of light. Since dm’ is a positive scalar quantity, £,dg and its elemental gravitational flux are always
outward. This is consistent with the ¢,dE of a positive dq’ .

On a spherical surface of area a, (see figure 1), the elemental area vector is

da, = RR%sing do d¢ = Rda, 3)
so that the respective elemental gravitational, electric and magnetic fluxes are

¢,dg-day =R-R&,dgdag #0, (4a)

dD-da, =R-RdDda, #0, (4b)

dB-da, = ¢-RdBda, =0, (4c)

as &,dg and dD are collinear with R, but dB is normal to it and to dQ’. Ultimately this is simply
because dm’ and dq’ are scalars while dQ’ is a vector.
For magnetic flux, a closed cylindrical surface axially concentric with the enclosed elemental

magnetic vector charge dQ' (as in figure 2) is equally suitable for evaluating the net outward flux.
This composite closed surface has three open surfaces which are typified by the elemental area vectors
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Figure 2. A cylindrical surface axially concentric with an enclosed magnetic vector charge dQ’.
da, =+2pdpd¢ = +2da, (5)
da, =+ppdgdz = +pda, (6)
da, =-Zpdpd¢ = —2da, @)

Since each of these elemental area vectors is normal to dB, that is, at any point on the surface the
vector dB lies within the surface, the corresponding elemental magnetic fluxes vanish:

dB-da, = +¢-2da,dB = +0 8)
dB-da, = +-pda,dB = +0 9)
dB-da, = ¢ 2da,dB = -0 (10)

Evidently, each of the elemental sources cited above is a single non-dipolar source [2 — 4]. From
equations (4a) to (4c), their individual net outward gravitational, electric and magnetic fluxes through
the enclosing spherical surface are

do, = §F”z ‘R&,dg dag, =dm’ (11a)

sphere

dd, ﬁﬁz -RdD day, = dq’ (11b)

sphere

do, = § ¢-RdBda, =0 (11c)

sphere



Similarly a combined integration of equations (8) to (10) yields the net magnetic flux from the closed
cylinder

do,, :§ dB-da,, = j@-zdalds+j¢-ﬁda2ds—j¢-2da3ds =0+0-0 (11d)

cyl a, a, as

3. Net flux out of any enclosing surface

Equations (11a) to (11d) mean that, as R is arbitrary, any elemental source can be regarded as being at
the centre of an arbitrary spherical or cylindrical surface that fully encloses it. Then the net flux from
such a closed surface is given by these respective equations. That is, only one closed surface out of a
family of concentric closed surfaces contributes to the net flux.

Now, any surface enclosing a source can be built up from a suitable combination of spherical
surfaces, a number of which are centred at elemental sources in the distribution. Then, since each
family of concentric spheres contributes to the flux in accordance with equations (11a) to (11c), the
superposition principle yields the net gravitational

J-ch J- §R R(godg dag = § J-chodg = §§Og-daR:m', (12a)

m'’ sphere sphere m’ sphere

jd@ J‘§R RdD da, = § j(ﬁedD)-F}daRE (b.da, —q' (12b)

q' sphere sphere g’ sphere

jdcb j §q> RdBda, = § j(de Rda, = ¢B-day =0 (12c)

Q' sphere sphere Q' sphere
fluxes out of any spherlcal surface enclosing any related net source m’=0, g’ =0 and Q' =0, that is

any non-dipolar source, paired or not [2, 4]. These results show that the size, shape or position of the
enclosure does not affect the net flux out of it. As dv' and da are independent, the order of
integration was reversed to recover the usual Gaussian formats for the fluxes.

The above treatise clearly demands a more suitable interpretation of Gauss’ law for any source
type. Out of any enclosing surface, if the enclosed source is a scalar quantity, the net outward flux is
equal to the source itself, whereas if the source is a vector quantity, the net flux is equal to the scalar
zero, and thus independent of both the source and the enclosing surface.
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