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3 The hyperbolic spiral

The orbital equation (1) describes the classical conical sections for x = 1 but
more general fractal structures for x 6= 1. In the most general case x may vary
with r or θ, leading to arbitrary orbital structures. In this section we will show
that hyperbolic spirals, as they are observed for spiral galaxies, are possible
orbits.

We start with equating the orbital equation (1) with a r(θ) of a hyperbolic
spiral:
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θ
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Solving this equation for x gives
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From Eq.(21) we can replace θ by r, leading to the alternative expression

x =
r

α

(
acos

(
r − α
ε r

)
− π

)
. (24)

This function x(r) is graphed in Fig. 1. It can be seen that x drops to zero
for a certain minimal r, then becomes imaginary for smaller r's. Alternatively,
x(r) can be plotted in polar coordinates as done in Fig. 2. It is nicely seen that
x goes to zero like a hyperbola and starts o� again as a spiral. The hyperbolic
spiral of the orbit r(θ) is shown for comparison. In this way a plethora of
new orbital forms can be expected. Astronomers could �nd out if these are
observable anywhere in the universe.
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Figure 1: x(r) for a hyperbolic orbit with ε = 1.5, α = 1.

Figure 2: x(θ) and r(θ) for a hyperbolic orbit with ε = 1.5, α = 1.
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4 Graphics of conical sections

5 The new universal gravitational potential and

orbitals on the microscopic level

There may be important new implications of the universal gravitational poten-
tial on the microscopic scale. Schrödinger published his epoch making papers
in 1926. Bohr had built up atoms by adding electrons one at a time to electron
shells (or orbitals). Lennard-Jones believed that molecules could be built up in
a similar way and his paper of 1929 laid the foundations of Molecular Orbital
Theory. His approach implied that inner electrons remained in atomic orbitals
and only valence electrons needed to be in molecular orbitals involving both
nuclei.

The Lennard Jones potential is a 6-12 potential but the main characteristics
are the same as the potential energy of the H atom. As mentioned in previ-
ous sections, the new universal law of gravitation, as inferred from precessing
planetary orbits, has the same structure as the potential function used in the
Schrödinger equation. The equation for the precessing elliptical orbit:

V = −kx
2

r
+

(x2 − 1)kα

2r2
(25)

where

k =
L2

αm
(26)

has the same structure as the well-known H atom potential for the Schrödinger
equation:

Veff = − e2

4πε0r
+
l(l + 1)~2

2mr2
. (27)

In both equations there is the same functional dependence on r

U(r) = −A
r
+
B

r2
, provided x > 1. (28)

So, these are the gravitational and atomic counterparts with a seemingly new
consistency introduced for the �rst time in physics at the macroscopic and micro-
scopic levels. The new gravitational potential has an attractive and a repulsive
component as in the Schroedinger equation. In the old Newton/Hooke approach
gravitation was perceived as being attractive only. The new gravitation intro-
duced in this paper is qualitatively di�erent inferring a vast array of new and
sometimes intricate orbits as discussed in previous sections.

There are two main types of orbits - open and closed. Closed orbits are either
circular or elliptical (oval) in shape. A body on a closed orbit constantly travels
around another, such as a planet orbiting the Sun or the Moon orbiting the
Earth. An open orbit follows a mathematical shape: a parabola or a hyperbola.
Both are sweeping curves that never join up. So, objects on open orbits simply
�y by other (some spacecraft and comets follow open orbits). As discussed, all
four classes of orbit are known as 'conic sections' because slicing a cylindrical

3



cone in a di�erent way can make each of their shapes. Closed orbits are achieved
by cutting a cone from one side to another at di�erent angles. Open orbits are
achieved by slicing the cone from one side down through the base.

The new universal law of gravitation introduced in this paper describes closed
and open orbits including those followed by objects such as binary pulsars and
whirlpool galaxies. Likewise, the structure of this new "universal potential"
may a�ord a new insight into microscopic (atomic and molecular) structure and
behaviour. Atomic and molecular orbitals may likewise be a similar mix of open
and closed orbitals. Closed orbitals, representing the inner-shells of atoms and
molecules, are �xed as well described in standard teaching texts. These range
from spherical s orbitals (or shells), to the characteristic dumb-bell shape p-
orbitals and complex d and f-orbitals showing similar "petal-like structures" as
for some of the closed gravitational orbits described in previous sections.

It now also becomes possible to think of "open orbitals" (a new concept as
far as we are aware) describing the same sort of sweeping trajectories that never
join up, as for orbits, on the microscopic (atomic and molecular) scale. This
may provide a new way of describing the properties of metals (and other ma-
terials), for example, where electrons become de-localised moving "freely" (in
open orbitals) throughout lattice structures. These ideas will be developed in
following papers.
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