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3 Numerical analysis

The gravitomagnetic �eld in dipole approximation has been analysed numeri-
cally and graphically in three dimensions. In ECE2 theory the gravitomagnetic
�eld is de�ned by

Ωg = ∇×Wg (35)

where Wg is the gravitomagnetic vector potential. This is � in analogy to
electromagnetism � given by

Wg =
G

c2r3
mg × r (36)

where mg is a gravitational dipole moment. For a given mg the vector potential
and gravitomagnetic �eld can be computed in three dimensions by computer
algebra. (The equations are quite complicated and not shown.) It would be
desirable to draw equipotential lines because these are perpendicular to the �eld
lines and demonstrate the curving of the �eld clearly. As the name says, these
are results of a scalar potential which is not available in the gravitomagnetic
case. However, it is known from electrodynamics that dipole �elds can be de�ned
by a magnetic scalar potential Φ in analogy to the electric case:

Ωg = −∇Φ. (37)

Therefore we de�ned a dipole by two distinct charges ±q and a potential

Φ(r) = C

(
q

|r− r1|
− q

|r− r2|

)
(38)

with the �charges� at positions r1 and r2, here placed on the Z axis. The
corresponding �eld Ωg is rotationally symmetric around this axis and is shown
in Fig. 1, together with the equipotential lines of Φ.
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It may be interesting how the �eld looks like if two dipoles are positioned
upon one another. This is a linear arrangement without a quadrupole moment
which would occur in other cases. The results are graphed in Fig. 2. There is a
recess in the XY plane which is shown in more detail in Fig. 3. Field lines do
not go straight from pole to pole in this region, contrary to the single dipole. It
has been reported by Johnson in the seventies that such a behaviour has been
found for certain magnets.

The other Figures have been calculated from Eqs. (35,36) directly without
using a scalar potential. Positioning the dipole in the Z direction:

mg =

0
0
1

 (39)

leads to a rotationally symmetric vector potential in the XY plane which is
graphed in Fig. 4. The lines of constant values are circles. There are no Z
components of Wg. This can be seen in the 3D vector plot of Fig. 5. The
vector potential is a type of spherical vortex, being strongest in the centre.
According to Eq. (20), the vector potential corresponds to a velocity vector
whose vorticity is the gravitomagnetic �eld. Therefore the arrows in Fig. 5 can
be interpreted as velocities directly, showing a hydrodynamical vortex.

The question is what the torque

Tq = mg ×Ωg (40)

looks like. This has been graphed in Fig. 6. It has a shape similar to the vector
potential but with an essential di�erence: the torque is zero in the equatorial
plane Z = 0 because it changes sign from below to above and vice versa. This
can be seen when comparing the arrows in Fig.6 with those of Fig. 5. If a planet
moves on a non-equatorial orbit around the centre, there is a torque which takes
both directions for one revolution cycle. If the orbit is a circle, the e�ects will
cancel out but there are changes of velocity of both signs during one revolution.
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Figure 1: Dipole vector �eld Ωg (directional vectors only) in XZ plane and
equipotential lines.
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Figure 2: Double-dipole vector �eld in XZ plane and equipotential lines.
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Figure 3: Double-dipole vector �eld and equipotential lines, enlarged view.
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Figure 4: Dipole vector potential Wg in XY plane, only directional vectors
shown within lines of constant absolute value.
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Figure 5: 3D view of dipole vector potential Wg.

Figure 6: 3D view of dipole torque �eld Tq.
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