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Abstract

Venus is the only planet in the solar system that has a retrograde rotation. We investigated the

idea of an asteroid colliding with a young Venus, that had a rotational period similar to Earth’s,

with enough kinetic energy to cause it to reverse direction. Taking the velocity of 2002 VE68 (a

quasi-satellite of Venus), we found the required asteroid’s mass to be 3.1×1020 kg, comparable to

that of Vesta.

Introduction

Every planet in the solar system rotates anti-
clockwise with the exception of Venus. The early
stages of the solar system were very chaotic with
many collisions that would have affected the or-
bits and rotations of objects within the solar sys-
tem.

We thought about whether one of such colli-
sions could have caused Venus’ unique rotation.
To do this, we assumed that a young Venus used
to rotate with the same rotation period as mod-
ern Earth, due to the similarities between them,
such as mass and radius.

We assumed that the asteroid had a perfectly
elastic collision with Venus, exactly along the
planet’s rotational axis. As a result of this colli-
sion, it is worth noting the change in mass and
radius of Venus is negligible.

Method

To start with we calculated the angular ve-
locities, ω, of a young Venus and a modern day
Venus,

ω = 2π/T, (1)

where T is the time period of one day [1]. For
young Venus we used the length of a day on
Earth, which gave us ω1 = 7.3×10-5 rad/s. And
for modern Venus, where T = 243 days [2], we
got ω2 = 3.0×10-7 rad/s.

Next we calculated the inertia, I, of Venus
(taking it to be a solid sphere),

I =
2
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where MV is mass of Venus and RV is radius of
Venus [1][3]. This gave us a value of I = 7.1×1037

kg/m2.
Inputting these values into Eq. (3) below,

we then calculated the rotational kinetic energy,
EK , of Venus both before and after the collision.

EK =
1

2
Iω2, (3)

[1]. This gave us EK1 to be 1.9×1029 J before
the collision, and EK2 to be 3.2×1024 J after the
collision. The total change in kinetic energy was
calculated by adding these two values together.
This gave us EKtot ≈EK1.

Looking at Eq. (5) we saw that in order to find
the mass there was an unknown velocity. So, we



looked at the orbit of Venus’ quasi-satellite 2002
VE68 [4] (because it is in an orbit that could
potentially collide with Venus) to calculate a re-
alistic velocity for our potential asteroid, v, using
the following equation [5]:

v =
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)
, (4)

where µ = GMSun = 1.33×1020 m3/s [6], r is
radius from the Sun at the point of collision [7],
a is semi-major axis of object’s orbit [4]. We
found v to be 35 km/s.

From this we could then use Eq. (5) to cal-
culate the required mass, m, to change Venus’
rotation to what it is today. [1]

m = 2EKtot/v
2, (5)

The final mass we calculated for the asteroid was
m = 3.1×1020 kg.

Conclusion

In this report, we investigated how large an
asteroid would have to be in order to have suf-
ficient kinetic energy to reverse the direction of
Venus’ rotation.

From our results, we found that an asteroid
moving at 35 km/s with a mass of 3.1×1020 kg
would produce enough kinetic energy to over-
come Venus’ rotational kinetic energy, and re-
verse the planet’s rotation.

This mass is comparable to the asteroid Vesta
(2.7×1020 kg) located inside the asteroid belt [8].
Which indicates that this scenario is somewhat
plausible, because both the masses of our pro-
posed asteroid and Vesta are similar to that of
proto-planets (early solar system objects) [9].

References

[1] P. A. Tipler, Physics for scientists and engi-
neers, sixth edition, p.257-274.

[2] https://www.universetoday.com/36687/

rotation-of-venus/ [Accessed 14 October
2018]

[3] https://www.universetoday.com/22545/

mass-of-venus/ [Accessed 14 October 2018]

[4] https://en.wikipedia.org/wiki/2002_

VE68 [Accessed 15 October 2018]

[5] https://en.wikipedia.org/wiki/

Orbital_speed#Precise_orbital_speed

[Accessed 15 October 2018]

[6] https://en.wikipedia.org/wiki/

Standard_gravitational_parameter

[Accessed 15 October 2018]

[7] https://en.wikipedia.org/wiki/Venus

[Accessed 15 October 2018]

[8] http://space.wikia.com/wiki/List_

of_solar_system_objects_by_mass#

Zettagram_range [Accessed 15 October
2018]

[9] https://en.wikipedia.org/wiki/

Protoplanet [Accessed 15 October 2018]


