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CATCH A STAR, edition 2022

Catch the star of Westeros

We are a group of french students and we study at Berthollet highschool, in
Annecy, a town well-known for its ski stations, its gorgeous lake, and which is near
Geneva and Lyon. For this competition we have been supported by our physics
teacher : Mr Teyssier.

- Fleur Salmeron-Noel, 10th grade

-> Juline Campestrini-Lenoble,10th grade
- Valentine Encrenaz,10th grade

=> Mr Teyssier

Why didn't the sun go to university?

(Answer in the end)



Abstract

Map of the continent Westeros

In this paper, we want to know if somewhere in Space there is an exoplanet
having seasons that last decades, just like in Westeros (Game of Thrones). We will
experimentally study the most important parameters of the star-planet system in
order to define the conditions that such a planet should respect.

First, we have made several experiments in which we get a database for our
analyses. After having defined the climates' conditions of Westeros, we’ve finally
found a planet and a star corresponding to some conditions : TRAPPIST-1-e .



Get a database

For each experiments we modelize
- astar S by a lamp with a power P (in Watt);
- aplanet X around this star that receives a power P, (in Watt);

First experiment :
We know that P, depends on the distance d planet-star. So in this first

experiment we try to find a relation between these parameters. To do that we used
a light sensor as described in the following diagram :

Planet (sensor
of light)

Star
(lamp)

Distance x
Experiment 1 : Pplanet depending on the distance star/planet

Our results of the first experiment are plot in the curve below :
Pplanet depending on the distance Star/planet
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Theoretically we can prove that the power emitted by the star is equally
divided all over a surface that progressively grows if d is increasing. If we suppose
a spherical emission of light so the surface is 4.11.d2. If the light sensor as a surface
S so we should have the relation :

Poianet = P.S/(4.11.d%) ; known as the Bouguer law

The following curve shows our results in comparison to the theoretical model.

Pplanet depending on 1/d?

0,5

0,4

0,3 ®

illumination (watt)

0,2

01

0,0

100,0 44,4 25,0 16,0 11,1 8,2 6,3 4,9 4,0 3,3 2,8

1/d* (m~-2)

We can see the experimental results don'’t fit perfectly with the model but it's
not so bad because R? = 0.98 for this first experiment. We could probably improve
our results by doing several measurements for each distance and then calculate
uncertainties.

In conclusion, in this experiment we demonstrate that the Bouguer Law can
be checked and that this will be very useful to find the habitable zone for Westeros
not too close from a star but not too far either.

Second experiment :

In the first experiment we spoke about the power received by a planet P .
But this value is only an average because the people living on the ground can feel
important variations. In this second experiment we want to know the importance of
the variation comparing the day and the night.



The second experiment is described in the following diagram :

Planet (sensor
of light)

Star
(lamp) Orientation x

Distance 0.6m

Experiment 2 : Illumination according to the variation Day/Night

We decided to start the experiment with the star directly in front of the light
sensor which represents the 12pm (midday) situation. The results obtained
experimentally are plotted in the curve below. Just remember 24 and 48 stand for
midnight and 12, 36 and 60 stand for midday.

lllumination according to the variation
day/night
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It is obvious that the planet receives more power during the day than during
the night. But theoretically we expected to observe a sinusoid. Even if we got a
periodic signal it's not really a sinusoidal curve. This is probably due to the fact that
the light sensor is orientated.



Third experiment :

Orientation x

Planet (sensor
Distance 0.6m of light)

Experiment 3 : Illumination according to the inclination and the variation
day/night

The power received by the people living on the ground of the planet also
depends strongly on the position on the globe. If the star is directly above the
people (vertical position = inclination 0°) the illumination is maximum. On the other
hand, if the inclination increases, the grazing light of the star will give less energy.
The third experiment shows the importance of the inclination as well as the day and
night variation. This is the diagram of the third experiment :

Our results are plotted in the following curves using the same conventions 12
and 36 stand for midday and 24 stands for midnight.

Illumination according to the inclination + variation day/night
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This experiment shows the great importance of the inclination (obliquity). At
midday when the received power is maximum we can observe that the received
power is divided by 3,3 between 10° and 40° of inclination. To modelize this
phenomenon we decided to use Geogebra.
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The mathematical modelization with Geogebra shows us that, in comparison
to the 10° inclination, the received power should be divided by only 1.3 for the 40°
inclination. Our experimental results can be criticized. We think again that the
difference is linked to the conception of the orientated light sensor that we used.
This third experiment can describe the position of an inhabitant of the planet, next
to the equator or to the pole but also the seasons’ phenomenon.



Analyse results

To find a planet like Westeros we need to build a list of criteria.

1) Planet X should have approximately the same size and density as the
Earth in order to have a similar gravity.

2) Planet X should have a rotation period (time to rotate around its own
axis) of approximately 24 hours.

3) Planet X should have an orbital period (time to complete one period
around its star) of approximately 20 years. This way it can have a very
long winter and a very long summer.

4) Planet X should have an inclination to the Star equator (obliquity) of at
least 30° in order to have a very cold winter and a very hot summer
next to the poles.

5) Planet X should be in the habitable zone and have an average
temperature of approximately 5°C that means 278 K.

6) Planet X should have only one star because it's obvious in the TV
series.

In the previous part we show the importance of different parameters. All
those parameters have an influence on the power received by the planet. So we
need to find a link between the power P,,.. and the temperature of the planet T,

If we consider the star as a blackbody we can use the following formula :

Tplanet = Tstar . [ (1 - A)-(Rplane’t/Zd)2 ]1/4-

Where A is the albedo of the atmosphere and the surface, R .. is the radius of the
planet and d the distance between the planet and the star.

I's quite impossible to have the albedos of an exoplanet so we can use the
approximate values A = 0,3 which is similar to the Earth.



Find such a planet

TRAPPIST is a star 40,5 light years away from our solar system. Its surface
temperature is 2550°K which is smaller but not so far from our Sun 5778°K .
Around this star there are 7 planets. An interesting candidate is TRAPPIST-1-e. We
will explain why this planet fits most of the criterias.

1) The radius of TRAPPIST-1-e is 0,918.Rg.+ S0 it's very similar. The density is
0,8 so it’s a little bit low but it's not a gaseous planet.

2) We know nothing about the rotation period but we are sure that Kit Harington
can take a spacecraft to make this kind of measurement.

3) The orbital period is 16.7 years and if we consider that there are four seasons
so we can have a 4-years lasting winter which is enough to allow the White
Walker to take control of Winterfell.

4) The inclination is unknown but from our high school we had the impression
that it was perfectly what we expected.

5) The distance between the star TRAPPIST-1 and the planet TRAPPIST-1-e is
0.03 au so the planet is very close to the star but the star is less powerful so
the equilibrium temperature is 251°K. This is not so good but it's still a
habitable zone.

6) This star system has only one star TRAPPIST-1.

In conclusion our experiments helped us to understand the main
parameters that have an influence on the power received by a planet. Thanks
to that work we built a list of criteria to find Westeros. TRAPPIST-1-e is for us
a planet which fits most of this criterias’ list but it’s not perfect. We suggest
that finally this planet is not Westeros and that scientists should continue
their work because Westeros is probably somewhere else, on another
undiscovered exoplanet.
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Because it already had a million degrees!
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