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Finding the size of ecospheres surrounding stars

The main purpose of this lesson is to pick those exoplanets, that move around their
stars inside ecospheres of those stars. Let’s assume r0 = 0.72 au (average distance
between Venus and the Sun) and r1 = 1.52 au (average distance between Mars and
the Sun) mark the edges of Solar System’s ecosphere. Then the minimal limit of the
ecosphere around a star should be calculated with the use of the following formula:
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where R∗ and R� are respectively the radius of a star around which an exoplanet
revolves and of the Sun, and T∗

eff and T�
eff are respectively the effective temperature1

of a star and the Sun. For the Sun we should assume T�
eff = 5772 K. We assume that

an exoplanet is inside the ecosphere if rmin ≤ a ≤ rmax is true, where a is the average
distance between an exoplanet and its star (the semi-major axis).

1Effective temperature of a star is the temperature that an black body has to have in order to emit the same
amount of energy as this star.
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Exoplanet catalogue
Link to the catalogue: http://exoplanets.org/table. After clicking on the
preceding link the following view appears, where an exoplanet’s name is given in the
first column. By clicking on the ”Name” button we can sort the exoplanets by their
names. The ”Filter” button allows us to filter exoplanets by their names.
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Parameters of exoplanets and stars necessary to find the size of an
ecosphere

By clicking on an exoplanet’s name (left column) we get to see the following view,
where red ellipses mark placements of parameters needed to determine the size of an
ecosphere and whether or not the planet is inside it.

Red ellipses mark
correspondingly:

1. Exoplanet’s
semi-major axis a
expressed in au.

2. Radius of a star, R�,
expressed as a multiple
of the Sun’s radius.

3. Star’s effective
temperature, T∗

eff ,
expressed in Kelvins.
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Example of an analysis

Planet Kepler 107-d revolving around the Kepler 107 star2

For this object we have a = 0.078 au; for its star T∗
eff = 5851K and its radius

R∗ = 1.411R�. We leave out measurement uncertainties for the sake of these
calculations. From the first formula we know the minimal limit of the ecosphere

rmin = 0.72 au
1.411R�
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)2

= 1.04 au (3)

and from the second one the maximal limit

rmax = 1.52 au
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)2

= 2.20 au (4)

Thus we concluded that the ecosphere around Kepler 107 star is between 1.04 au and
2.22 au away from its centre. Planet Kepler 107-d is at the average distance of 0.078
au from the star, which means it is way closer to it than the ecosphere.

2Names of this exoplanet and the star come from NASA’s space telescope Kepler looking for terrestrial
extrasolar planets. We know 4 planets revolving around the star Kepler 107, they are called Kepler 107-b, Kepler
107-c, Kepler 107-d and Kepler 107-e. All planets discovered by Kepler telescope are named analogically, starting
with the letter b.
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Materials for the extended version of the lesson
Having exoplanets inside ecospheres we can now focus o finding those Earth-like
(terrestrial) ones, assuming the following limitations for chosen exoplanets:

1. More restrictive limitations: 0.5R⊕ < Rp ≤ 1.5R⊕ and\or 0.1m⊕ < mp ≤ 5m⊕
2. Less restrictive limitations: 0.5R⊕ < Rp ≤ 2.5R⊕ and\or 0.1m⊕ < mp ≤ 10m⊕

Where Rp and R⊕ are respectively radius of the planet and of the Earth, mp and m⊕
are respectively mass of the planet and of the Earth. However, it’s worth noting that
for not all planets this data is available.

Red ellipses mark respectively:

1. Planet mass, mp , expressed as a
multiple of Jupiter’s mass.

2. Planetary radius, Rp , expressed as a
multiple of Jupiter’s mass.

In the calculations we have to assume
Jupiter’s mass as 317.83 masses of Earth,
however Jupiter’s radius as 10.517 times
Earth’s radius.
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