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Abstract

The paper ‘Getting comfortable on Neptune’ [1] calculated the angular velocity that would be

required to simulate an effective downwards acceleration of 9 ms−2 at the equator of Neptune, by

partially counter acting the effects of gravity. This paper calculates the percentage of Neptune’s

surface that would fall within a region of ‘habitable’ downwards accelerations; estimated to be

between 9 ms−2 and 10 ms−2. This region was calculated to extend to a distance of 16,800 km

from the centre of the planet along the axis of rotation, corresponding to 68% of the planets

surface.

Introduction

This paper is a continuation of the ‘Getting
comfortable on Neptune’ paper [1] which cal-
culated the angular velocity required to make
the centrifugal and Coriolis effects large enough
to simulate an effective downwards acceleration
of 9ms−2 at the equator of Neptune. However,
these forces depend on the distance from the
axis of rotation and will therefore, decrease with
distance from the equatorial plane. As these
forces decrease, the effective downwards accel-
eration would simultaneously increase. In this
paper we aimed to determine the percentage of
Neptune’s surface that would have ‘habitable’ ef-
fective downwards accelerations; estimated to be
between 9 ms−2 and 10 ms−2.

Method

The effective downwards acceleration (aeff )
at a point on the surface of a planet is given by
[1]

aeff = g − 3ω2r, (1)

where r is perpendicular to the axis of rotation
and equal to the distance from the axis to the
surface, as shown in figure (1). ω is the angular
velocity of the planet, this value was calculated
to be 1.70 × 10−4rad s−1 in the preceding pa-
per [1]. g is the acceleration due to gravity at
the surface of Neptune. As the centrifugal and
Coriolis effects (collectively described in the 2nd
term on the right hand side of Equation (1)) are
both proportional to r, they will decrease with
distance from the equatorial plane.

Distance r was substituted for
√

R2 − x2

where x is the distance along the rotational axis
and R is the radius of Neptune (24,622km)[2].
Therefore, Equation (1) becomes;

aeff = g − 3ω2
√
R2 − x2, (2)

which is represented by the green line in figure
(2). However, the centrifugal and Coriolis effects
are always perpendicular to the axis of rotation.
Therefore, the component of the forces acting
in a parallel and opposite direction to the grav-
itational force will be different. This is demon-



Figure 1: A diagram illustrating many of the terms
used in this paper. ‘b’ represents the total centrifugal and
Coriolis forces and ‘a’ represents the components of the
forces that are parallel and opposite to the gravitational
force at a given point on the surface.

strated in figure (1) where ‘b’ represents the total
centrifugal and Coriolis forces and ‘a’ represents
the component directly opposing gravity.

a = bcos(θ) = b
r

R
= b

√
R2 − x2

R
. (3)

The centrifugal and Coriolis term in Equation
(2) represents the total force, which must be cor-

rected by multiplying by

√
R2−x2

R to give;

aeff = g − 3ω2R
2 − x2

R
. (4)

This is shown by the blue line in figure (2). Re-
arranging Equation (4) allowed the vertical dis-
tance ‘x’ for a given effective acceleration to be
found;

x =

√
R2 − g − aeff

3ω2
R. (5)

This allowed the surface area of the planet that
falls within a region of 9 ms−2 to 10 ms−2 to
be calculated. The surface area (Ad) that lies
outside this region is given by;

Ad = 2× 1

6
Rh =

1

3
R(R− x), (6)

where the factor of two arises from having
two hemispheres and h is the ‘height’ of the
hemisphere. The total surface area is simply

Figure 2: A graph showing how the effective down-
wards acceleration varies with distance from the equa-
torial plane. The green line represents the total effective
acceleration and the blue line represents the component
in the opposite direction to gravity. The black lines show
the limit of the habitable region for both models.

As = 4πR2, meaning that the fraction of the
planet’s surface area within the habitable region
(AH) is given by;

AH = 1− 4πR2

1
3R(R−

√
R2 − g−aeff

3ω2 R)
= 0.68.

(7)

Conclusion

A region of habitable downwards accelerations
was estimated to be between 9 ms−2 of 10 ms−2.
It was calculated that this region had limits
along the axis of rotation (x) of 16, 800 km from
the centre of the planet. This corresponded to
68% of Neptune’s surface falling within this re-
gion. This area is approximately 10 times larger
than the whole of the Earth’s surface mean-
ing colonisation through this process would be
worthwhile if it proves to be viable.
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