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Abstract
1. Introduction
The first interstellar object (ISO) was discovered in
2017, which is in an excited rotation around non-
principal axis, or say tumbling[2]. Interstellar objects
are still mysterious to us since no sufficient informa-
tion is revealed by the observation data. Studying its
rotational dynamic is beneficial to understand its ori-
gin and history. The damping time of its tumbling is
estimated to be around 10 billion years due to its in-
ternal energy dissipation caused by inelastic deforma-
tions[1]. However, Considering such a large timescale,
some tiny effect, collision with interstellar medium,
can potentially cause considerable change in its rota-
tion state. This study explored the influence of ISOs’
collision with interstellar medium when they travel
through interstellar space.
The mechanism of collision with interstellar medium
is similar to YORP effect. As the starlight in interstel-
lar space is dim, the YORP effect is not significant dur-
ing the ISO’s interstellar travel. However, interstellar
medium will be reflected after colliding with ISOs, and
produce a continuous mechanical torque on the body,
causing the changes in angular momentum of the body
relative to its center of mass. As this process lasts for
ten billion years, the changes will integrate to a large
amount.

2. Equations
The total angular momentum transferred to the inter-
stellar object in one time interval can be obtained by
summarizing that of all the faces:

~δL =
∑
i

mnp(~v · ~n)2δtSi(~ri × ~n)γR (1)

The rotation of interstellar object obeys Euler’s mo-
tion equation:

~dL

dt
=

~d′L
dt

+ ~w × ~L (2)

The shape model is Gaussian random sphere, where
the distance on the surface is the function of the polar
angle and azimuthal angle:

rs(θ, φ) = a(1 + σ2)−1/2eω(θ,φ), (3)

ω(θ, φ) =
lmax∑
l=1

l∑
m=0

Pml (cosθ)(almcosmφ+blmsinmφ)

(4)

β−αlm = (2− δm0)
(l −m)!
(l +m)!

clln(1 + σ2) (5)

cl = l−α(
lmax∑
l=1

l−α)−1 (6)

3. Summary and Conclusions
This study builds different shapes of the interstellar
objects. It is found that the irregularity of the body
and direction of the incoming gas are the two prime
factors of the effect of collision. The collision effect
may compete with the body’s internal energy dissi-
pation as a mechanism of changing small ISO’s ro-
tation state. What’s more, we estimate a maximum
distance Oumuamua’ travels since its last collision or
other event that changed its rotation.
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