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Abstract
We created a scenario where the Sun is replaced by a brown dwarf (Teide 1), which would have
a much lower effective temperature and a lower mass compared to the Sun. We investigated the
effect of such a swap on Earth’s effective temperature and found that the Earth’s orbital radius
would increase as a result of the swap, and the effective temperature of Earth would be about 16
K. However, if the Earth is to maintain its current effective temperature of 255 K, then the orbital
distance of Earth from the brown dwarf has to be equal to 1.17 × 1010 m.

Introduction
Brown dwarfs, unlike stars like our Sun, are
not massive enough to fuse hydrogen in their
cores [1] which is why they are often referred to
as ’failed stars’. However, brown dwarfs do fuse
deuterium inside them, but have much lower surface temperatures than main sequence stars [1].
We are going to consider a scenario in which our
Sun is replaced by a brown dwarf. We will explore the effects it will have on the Earth and
whether it could have a habitable environment.
Theory
We are going to assume that the Sun is replaced by Teide 1, which is a brown dwarf of
spectral class M8 [2]. By combining Kepler’s
third Law with the definition of angular momentum, we get :
Lorb = M ⊕ (GM D)1/2 ,

(1)

where M⊕ is the mass of the Earth, M is the
mass of the Sun and D is the orbital radius of
Earth which is around 1.5 × 1011 m [3]. Using
equation 1 and data from table 1, we calculated

the orbital angular momentum of the Earth orbiting around the Sun, which was found to be
equal to 2.68×1040 kgm2 s−1 . Assuming that angular momentum will be conserved, we can use
equation 1 again to calculate the subsequent orbital distance between Teide 1 and Earth after
the swap, which is 2.72 × 1012 m. The power
radiated by a spherical blackbody is given by:
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where σ is the Stefan-Boltzmann constant, T
is the effective temperature and R is the radius
of the object. The power emitted by Teide 1 was
found using equation 2 to be 2.37 × 1024 watts.
The energy absorbed by the Earth at a particular
orbital distance is given by:
πR⊕ 2
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where α is Earth’s albedo or reflectivity coefficient which is on average about 0.3 [4] and R⊕ is
the radius of Earth. Using equation 3, the power
absorbed by earth is found to be 2.7 × 1012 watts
and the temperature of the Earth at this orbital
P ⊕,abs = (1 − α)P
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Sun
Earth
Brown Dwarf (Teide 1)

Mass (kg)
2×1040 [5]
6×1024 [3]
1.1×1029 [7]

Radius (m)
7×108 [5]
6.37×106 [3]
2.7×108 [7]

Effective Temperature (K)
5772 [5]
255 [6]
2600 [8]

Table 1: Characteristics of Sun, Earth and Teide 1.

distance from Tiede 1 is found to be 16 K using freezing over. To match its current temperature,
Earth would have to be much closer to the brown
equation 2.
dwarf around the orbital radius (2.72 × 1012 m)
Discussion
between Mercury and Venus [3]. Even if the
The effective temperature of the Earth is Earth is at an optimal distance from brown dwarf
around 255 K [6]. Comparing this to the effective to have effective temperatures of 255 K, due to
temperature of the Earth in our scenario which is the changes in the radiative output between the
around 16 K, we can see that in such extremely Sun and the brown dwarf, life would have to malow temperatures Earth would only exist as a jorly adapt and evolve over the years to thrive on
frozen ball of ice and rock, which won’t be able a planet that orbits a brown dwarf.
to sustain life. However, for the Earth to have
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have to be equal to 1.17 × 1010 m .
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deuterium to hydrogen in the universe is about
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out of fuel quicker compared to a main sequence
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climate/lectures/radiation/index.html
life on Earth.
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Conclusion
Replacing the Sun with a Teide 1 does not
bode well for life on Earth since the expansion
in its orbit and the lower radiative flux on it as
a result of that swap, would result in the Earth
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