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Exoplanets
Exoplanet, extrasolar planet - a planet that orbit a star (or stars) other than the Sun.

1. The first exoplanet was discovered in 1992.

2. Nowadays (the first half of 2020) there are over 4000 confirmed exoplanets.

3. The most discovered exoplanets moves in a distance smaller than 1000 ly1

4. Some exoplanets may be potential life-bearing worlds.

5. The most exoplanets have been discovered by indirect techniques of detection.

Figure: Exoplanet in a three-star world (the artist’s conception). Source: http://www.boulder.swri.edu/˜terrell/dtart.htm

1The light-year (ly) is a unit of length that measures about 9.46 trillion kilometers. A light-year is the distance that light travels in vacuum in one
Julian year (365.25 days) from the Sun.



Super-Earths
Super-Earths are bigger than Earth-like exoplanets but less massive than Uranus and Neptune (from 1.25 to 4
Earth-mass).2

1. The first Super-Earths were discovered in 1992 by polish astronomer Aleksander Wolszczan.

2. Orbital period of the most known Super-Earth is smaller than 100 days.

3. The most common value of radius of their orbit is of order 0.05 au3.

4. Nowadays (the first half of 2020) there are over 1000 confirmed Super-Earths.

Figure: Artist’s impression of a few known Super-Earths. Source: https://exoplanets.nasa.gov

2Definitions may vary, some people define a super-Earth as a exoplanet with a mass between 1 and 10 times that of Earth.
3The astronomical unit (au) is the average distance between Earth and the Sun and is equal to about 150 million kilometres.



Methods of detecting exoplanets: Doppler spectroscopy
(also known as the radial-velocity method)

Figure: In the Doppler spectroscopy method periodic
shifts in radial velocity of the host star are detected. A
star and a planet move around their centre of mass (see
the supplementary material to learn more about it). If
the star moves towards the Earth light waves leaving the
star are shifted towards the blue end of the spectrum.
Conversely, if the star moves away from the Earth light
waves leaving the star are shifted towards the red end of
the spectrum. This change of wavelength is caused by the
presence of planets, which exert a gravitational influence
on their respective star. Source: https://phys.org

Link:
https://www.youtube.comwatch?v=WK0WAmiP D

https://www.youtube.com/watch?v=WK0WAmiP_Dk
https://www.youtube.com/watch?v=WK0WAmiP_Dk


Methods of detecting exoplanets: transit method

Figure: The transit occurs when the planet passes in
front of its star and dim some of its light.This method
only works for planets that have orbits aligned in such a
way that, as seen from the Earth, the planet passes in
front of its star. Source:
https://heasarc.gsfc.nasa.gov/docs/tess/primary-
science.html

Link:
https://www.youtube.comwatch?v=OFdZv2GP4gM

https://www.youtube.com/watch?v=OFdZv2GP4gM
https://www.youtube.com/watch?v=OFdZv2GP4gM


Methods of detecting exoplanets: astrometry method

Figure: In astrometry method the motion of a star is
detected by making precise measurements of its position
on the sky. This motion may suggests that the star is
surrounded by a planet. Source: self-produced. Link: https://www.youtube.comwatch?v=l46-8PvT44Y

https://www.youtube.com/watch?v=l46-8PvT44Y


Methods of detecting exoplanets: gravity microlensing method

Figure: When a star (white) passes in front of another
star (yellow), it bends the distant starlight like a lens,
making it brighter. If the lensing star has an exoplanet,
this planet adds its own lensing effect and create the two
characteristic spikes in the light curve. Source:
http://www.planetary.org/explore/space-
topics/exoplanets/microlensing.html

Link:
https://www.youtube.comwatch?v=dZEUOoe2c2I

https://www.youtube.com/watch?v=dZEUOoe2c2I
https://www.youtube.com/watch?v=dZEUOoe2c2I


Methods of detecting exoplanets: direct detection and imaging method

Figure: Direct image of exoplanets around the star
HR8799.5Source:
https://www.nasa.gov/topics/universe/features/exoplanet20100414-
a.html

Link: https://exoplanets.nasa.govalien-worldsways-to-
find-a-planet#3

5The designation HR 8799 is the star’s identifier in the Bright Star Catalogue. This star is in 8799 position on this catalogue.

https://exoplanets.nasa.gov/alien-worlds/ways-to-find-a-planet/#/3
https://exoplanets.nasa.gov/alien-worlds/ways-to-find-a-planet/#/3


Some exoplanetary statistics

Figure: Cumulative detections of exoplanets per year as
of 2017, color coded by method. Source:
https://exoplanetarchive.ipac.caltech.edu

Figure: Exoplanet detections by year as of 2017, color coded by
method. Source: https://exoplanetarchive.ipac.caltech.edu



Favorable conditions to the emergence of life
Favorable conditions on exoplanets to the emergence of life:

1. The object’s surface temperature comes within eg. -70◦ and 80◦.

2. The object has a dense atmosphere with biosignatures6 in it (O2, O3, CH4, liquid H2O).

3. There are liquid water reservoirs underneath the object’s surface.

4. There is a specific collection of isotopes of different elements such as C, H, N, which couldn’t be created
without living organisms’ contribution.

Figure: Artist’s impression of TRAPPIST-1 planetary system7. Source: https://exoplanets.nasa.gov

6A chemical or physical marker indicating the presence of life, especially something sought in geologic formations or in an extraterrestrial
environment. Definition taken from https://www.thefreedictionary.com

7Planets around the star TRAPPIST-1 were first detected by the TRAPPIST (TRAnsiting Planets and PlanetesImals Small Telescope) telescope
at ESO’s La Silla Observatory in 2016. They are named TRAPPIST-1b,c,d,e,f,g and h, with increasing distance from the star.



The search of life on exoplanets

1. Searching for radio signals to receive.

2. Contents of exoplanets’ atmospheres (looking for biosignatures).

3. The size and density of exoplanet (based on it we can judge if it’s made of rocks or gasses, or does it e.g.
contain water).

4. The angle between an exoplanet’s rotational axis and its orbital axis, length of day.

5. Picking exoplanets with conditions suitable to sustain life (those in the habitable zone).

Figure: Artist’s impression of the surface of a planet in a double system. Source: https://exoplanets.nasa.gov



The search for exoplanets in habitable zones
Habitable zone (also known as ecosphere or Goldilocks zone) is an area in a spherical shape located around a
star where physical and chemical conditions necessary to sustain life can be present (especially liquid water and
temperatures ranging, for instance, from -70◦C to +80 ◦C).

1. In the Solar System it is in the distance from 0,72 to 1,52 au from the Sun (definitions may vary).

2. The location of the habitable zone depends on the star’s parameters, e.g. its brightness.

3. The location of the habitable zone depends on many factors such as composition of the atmosphere
(clouds, glasshouse gasses, etc.) or planet’s albedo.

4. Liquid water can exist on an exoplanet (exomoon) due to the heat caused by existence of tidal forces.

5. Habitable zones of exoplanets where life is e.g. ammonia based can be located in completely different
places (other temperature of ammonia’s melting).

Source: http://earth-chronicles.com/space/the-
habitable-zone.html



The search for exoplanets in habitable zones
Because in most cases we don’t know an exoplanet atmosphere’s composition and its other parameters we can
assume (in a certain approximation), that an exoplanet’s position is determined by formula d ∼

√
I , where d is

the distance from a star, I is the star’s luminosity and ∼ means ”is proportional to”.8

Source: public domain.

8The relationships between the star’s luminosity, its radius, brightness and temperature are described in the additional material at the end of this
presentation. Two experiments on these topics are also proposed.



Additional material



Centre of mass of two orbiting objects

1. We say that the planets revolve around the stars, which is not true. Planets and stars actually orbit around
a common center of mass known as the barycenter.

2. Every object has a centre of mass, is the point at which it can be balanced.

Figure: The centre of mass of a ruler is the centre of the object, but in case of hammer, it has most of the mass on one
end, so its center of mass is much closer its heavy end. Credit: https://spaceplace.nasa.gov/barycenter/en/

3. In space, two bodies orbiting each other, for example a star and a planet, also have a mass centre.

Figure: In space, barycentre of objects is the point around
which the objects orbit. Credit:
https://spaceplace.nasa.gov/barycenter/en/

Figure: The barycenter of two objects is the point for
which r1m1 = r2m2. Exercise: find a barycenter between
Earth and the Sun and Jupiter and the Sun. Credit:
https://medium.com/@cosinekitty/our-wobbly-solar-
system-8d4014040e42



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” field allows us to filter exoplanets by their names.

http://exoplanets.org/table


Parameters of exoplanets and stars necessary to find the size of a habitable zone
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 a habitable zone and whether or not the planet is
inside it.

Red ellipses mark correspondingly:

1. Exoplanet’s semi-major axis a
expressed in au9.

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.

8It is the average distance of an exoplanet from its star.



Size of habitable zone
The minimal limit of the habitable zone around a star:

rmin = r0
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The maximal limit of the habitable zone around a star:
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where R∗ and R� are respectively the radius of a star around which an exoplanet revolves and of the Sun (we
assume that the radius of the Sun equals 1), and T∗

eff and T�
eff are respectively the effective temperature10 of a

star and the Sun. For the Sun we should assume T�
eff = 5772 K. We assume that an exoplanet is inside the

habitable zone if rmin ≤ a ≤ rmax is true, where a is the average distance between an exoplanet and its star (the
semi-major axis). r0=0.72 au (the average distance of Venus from the Sun), r1=1.52 au (the average distance
of Mars from the Sun).

10Effective 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.



Example of an analysis
Planet Kepler 107-d revolving around the Kepler 107 star11

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 habitable zone:

rmin = 0.72 au
1.411R�

1R�

(
5851K

5772K

)2

= 1.04 au (3)

and from the second one the maximal limit:

rmax = 1.52 au
1.411R�

1R�

(
5851K

5772K

)2

= 2.20 au (4)

Thus we concluded that the habitable zone 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 habitable zone.

11Names 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.



Materials for the extended version of the lesson
Having exoplanets inside habitable zones we can now focus to 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.



Materials for the experimental part of the lesson: brightness and luminosity of a star
(optional)
The brighness of a star is determined by two factors:

1. Luminosity - how much energy the star puts out in a given unit of time.

2. Distance - how far the star is from us.

Connection between these quantities is given by the inverse square law. This law states that:

Brightness ∼
1

(distance)2
(5)

In this experiment, you will use an android mobile with the lux app installed and a second mobile phone with a
torch function.12

12See the document Description.docx for details.



Materials for the experimental part of the lesson: brightness and luminosity of a star
(optional)
The brighness of a star is determined by two factors:

1. Luminosity - how much energy the star puts out in a given unit of time.

2. Distance - how far the star is from us.

Connection between these quantities is given by the inverse square law. This law states that:

Brightness ∼
1

(distance)2
(6)

The inverse square law can also be easily demonstrated by using a light bulb and a shadow (for example a piece
of cardboard with a hole). A certain amount of light passes through the hole at a distance of 1 m from the light
source. At distances of 2 m and 3 m from the source, the same amount of light spreads out to cover 4 and 9
times the hole’s area, respectively.

Figure: If the distance between the light source and the surface is doubled, the light source illuminates a surface area four times
bigger than the one before. It implies that the light brightness decreases to a quarter. Source:
https://www.ifa.hawaii.edu/b̃arnes/ASTR110L S03/inversesquare.html



Materials for the experimental part of the lesson: radius and temperature of a star
- part I
(optional)
Luminosity of a star is also related to its size. The larger the star is, the more energy it emits and the brighter it
is. It is also related to the temperature of the star. The relation is:13

Luminosity ∼ (radius)2 × (temperature)4 (7)

When matter is hot enough, it emits visible light. When heated to the same temperature, bulbs filaments,
metals, many others materials and stars will emit the same characteristic blend of color of light.14 The stars are
different colours: red, orange, yellow white and blue. The colour of stars provides information about the surface
temperature of the star. The coldest stars are red and the hottes are blue.

Figure: Star colour and temperature (in Kelvins). Source:
https://www.bbvaopenmind.com/en/science/physics/the-colour-of-stars-treasure-map-for-astronomers

13This relation is the Stefan-Boltzmann law written in a different form.
14The light emitted by a light source does not always indicate its temperature. Examples are the LED or fluorescent lamps.



Materials for the experimental part of the lesson: radius and temperature of a star
- part II (optional)
The colour temperature can be simply demonstrated in the following experiment using a light bulb (for example
a 6V bulb) and a variable DC energy supply. The experimental set-up is simple: the bulb is connected to the
variable DC energy supply. Next gradually increase the voltage, observe the colour and intensity of the light
emitted by the bulb’s filament. The temperature of the filament can be approximated by comparing its color
with those in the figure below.

Figure: Colour temperature scale for light bulbs. Source: https://m.kaskus.co.id/thread/5945c2e0c2cb17a2628b456b


	Exoplanets
	Additional material

