
Journal of Physics Special Topics
An undergraduate physics journal

P2 3 Spinning Asteroid Habitats

J. Duggan, G. Gillan, L. Meehan, A. Tyrrell

Department of Physics and Astronomy, University of Leicester, Leicester, LE1 7RH

November 26, 2020

Abstract

The concept of using centripetal acceleration from circular motion as a source of artificial gravity is

a known possible solution to surviving weightless environments long term. We applied this concept

to asteroids, calculating that it would take of the order 1020 J to spin up an asteroid equivalent to

Phobos in order to make the centripetal acceleration equal to 9.81 ms−2.

Introduction

When considering the habitability of the inner
solar system, the discussion is usually limited to
Earth, the Moon, and Mars. However, there is
a concept whereby an asteroid could be spun-up
to a high enough rotation speed that it would be
possible to build structures on the surface with
centripetal acceleration keeping you pinned to
the ceiling (living upside down relative to the
asteroid). In this paper, we take a whistle-stop
tour of the concept, exploring the mechanics of
the rotating asteroids, the energy required to get
them rotating at sufficient speeds, and the plau-
sibility of the idea for future habitation.

Theory

The key equations we needed for our calcu-
lations are standard equations used for angu-
lar/circular motion. The equation relating cen-
tripetal acceleration (ac) of a body in circular
motion to its angular velocity ω and radius r [1]:

ac = ω2r =
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∆θ
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)2

r (1)

For a spherically symmetric body of uniform
density with mass M and radius r, the moment

of inertia I is [1]:
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2

5
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The rotational energy E stored in a rotating
body with a moment of inertia I and angular
velocity ω is given by [1]:

E =
1

2
Iω2 (3)

Method and Results

We decided to choose a small near-spherical
asteroid to use in this study in order to minimise
the energy requirements and approximately meet
our assumptions made in our equations. The
masses of the most spherical asteroids such as
Ceres are far too large, and since most small as-
teroids are non-spherical, the options were ex-
tremely limited. The best candidate was Mars’
moon Phobos, which is not technically an as-
teroid, but a captured object that was likely an
asteroid previously [2].

To begin with, we calculated the angular ve-
locity required to make the centripetal acceler-
ation experienced at the surface equal to 9.81
m/s2. This required rearranging equation (1) for



ω and substituting ac = 9.81 ms−2 and Phobos’
mean radius r = 11.276 km [2]:

ωf =

√
ac
r

=

√
9.81 ms−2

11.276 km
= 2.95×10−2 rads−1

(4)
We were then able to calculate Phobos’ cur-

rent angular velocity from its rotational period
of T = 7h 39min, or ∆t = 27, 540 s.

ωi =
∆θ

∆t
=

2π rad

27, 540 s
= 2.28×10−4 rad s−1 (5)

Comparing the results of equations (4) and (5),
the required increase in angular velocity is ap-
proximately two orders of magnitude.

The next step was to calculate the energy re-
quired to spin-up the asteroid from ωi to ωf . To
do this, we took the expressions for the rotational
energy associated with each of the angular veloci-
ties (equation (3)) and subtracted them, followed
by substituting equation (2) for I.
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We then calculated ∆E by substituting ωf , ωi,
r = 11.276 km, and M = 1.06 × 1016 kg [2] into
equation (6). The resulting value was ∆E =
2.35 × 1020 J.

Discussion

This value for the required energy is very
large and impractical to achieve in the modern
era. For context, the combined energy output
of all global nuclear weapons tests as of 1996 is
2.135×1018 J, which is only ∼ 1% the energy re-
quired [3]. Moreover, with the most likely mech-
anism able to achieve this being large opposing
rocket boosters, this amount of energy would re-
quire an enormous amount of propellant. Alter-
natively, some form of controlled and directed ex-
plosives could be deployed at antipodal points on
the asteroid. This result means that if this con-
cept was ever used, low mass asteroids would be
a necessity given the energy requirements. How-
ever, this raises the concern as to whether the

asteroid has the structural integrity necessary to
survive rotating at a very high angular velocity.
Small asteroids made of mostly loose rock and
dust would be unlikely to remain in one piece.

It is important also to note that if an asteroid
was successfully spun-up, only the equator of the
asteroid would experience the Earth-like accel-
eration outwards, with structures at higher lati-
tudes experiencing diminishing centripetal accel-
eration. Perhaps for the intention of mining an
asteroid, an equatorial band around the asteroid
would be sufficient for its inhabitants.

Conclusion

Our goal was to determine the feasibility of
increasing the angular velocity of an asteroid to
allow structures on the surface to have an ar-
tificial gravity strong enough to equal that felt
on Earth. We found that for an asteroid similar
to Phobos, the energy required to sufficiently in-
crease its angular velocity would be of the order
1020 J. This is considerably larger than any value
that could be harnessed by humanity today. As
a result, we conclude that this scenario is un-
feasible with today’s technology. However, per-
haps in the future, new ways of generating large
amounts of energy could enable human explorers
to make homes of asteroids using this method.
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