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Looking for Exoplanets

• Why Look

• Finding Exoplanets
• Problem-Distances
• Physics

• Determining distances and properties
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Looking for Exoplanets-Why Look

• The eight planets of the solar system , orbiting  the 
Sun, make up a small data sample

• Looking  beyond our solar system –larger data 
sample

• Exoplanets - key to understanding how the  Earth
and solar system formed

• Exoplanets are often at different stages in their life 
cycles than Earth and solar system planets

• The star systems they make up have different 
characteristics

• Some stars host larger planets

• Some have their planets distributed differently

• Others have planets with more distinctly elliptical 
orbits

• Some exoplanets may not be orbiting a star!
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Looking for Exoplanets-Why Look

• The variety of exoplanets and their star systems 
sheds new light on the theories  of solar system 
formation

• Star systems with Jupiter-sized (big) exoplanets 
near host stars support the theory that planets 
move during/after formation
• Gas giants form near their stars and migrate 

out to greater orbital distances?
• Did Jupiter do this?

• One goal is to find a planet that supports life

• Intelligent or otherwise

• Another is to locate planets that might serve as a 
home for the human race when the Sun exhausts it 
hydrogen fuel and expands to engulf the earth’s 
orbit-5 billion years in future

• Planet must be in star’s “Habitable Zone” 
• Liquid water on its surface
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Looking for Exoplanets- Problem-Distances

• Scientists have speculated about the 
existence of exoplanets well before 
technology developed to confirm their 
existence
• Isaac Newton

• A major problem is the distances to the stars 

• Telescopes generally cannot image planets 
because they are too far away
• Stars generate light
• Planets reflect star light 
• Their reflections are overwhelmed by 

their host stars’ brightness
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Looking for Exoplanets- Problem-Distances

• Only by the 20th century have  the tools been available to find exoplanets

• The understanding of various concepts of physics-astrophysics

• Application of these concepts to the engineering of various instruments to search and find exoplanets
• Large optical telescopes 
• Space based telescopes
• Spectroscopy
• Computers
• Digital imaging
• Automated instruments
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Looking for Exoplanets-Distance to Stars and Exoplanets

• During Earth's orbit, near stars seem to shift their position against 
the farther stars

• This is called parallax shift

• By observing the distance of the shift and knowing the diameter 
of the Earth's orbit, astronomers can  calculate the parallax angle

• The smaller the parallax shift, the farther away the star is

• If you follow the line on the diagram from the Earth in January to 
the appearance of the star in January, then the line from the Earth 
in July to the appearance of the star in July, you will see that they 
intersect in the middle

• This is the true location of the star

• The distance of the star can then be measured using trigonometry
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Looking for Exoplanets- Distance to Stars and Exoplanets

• The parallax method is only accurate for stars within a few hundred light-years of 
Earth
• When the stars are very far away, the parallax shift is too small to measure

• The method of measuring distance to stars beyond 100 light-years is to use Cepheid 
variable stars

• These stars change in brightness over time, with a regular period

• This period is directly related to the luminosity of the star--brighter stars have a 
longer period of light variation

• Comparing the apparent brightness of the star to the true brightness 
(luminosity)allows the astronomer to calculate the distance to the star
• Apparent brightness is the energy is coming from the star as measured on Earth 
• True brightness is the energy radiated from the star’s surface

• This method was discovered by Henrietta Leavitt in 1912 
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Looking for Exoplanets- Distance to Stars and Exoplanets
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Exoplanets versus Distance



Looking for Exoplanets - Physics 
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Kepler’s Laws Newton’s Law of Gravity

Inverse Square Law



Looking for Exoplanets - Physics 

OLLI Fall 2021 11

Wien’s Law Doppler Effect



Looking for Exoplanets – Physics - Spectroscopy 

Kirchhoff's Laws –

• A blackbody process a continuous spectrum, free 
of any spectral lines

• A hot, transparent gas (star)  will produce 
emission lines - a series of bright lines against a 
dark background

• A cool transparent gas in front of a blackbody (star) 
will produce absorption lines - dark lines on a 
spectra that would appear in the same place as a 
hot gas cloud comprised of the same elements

• Spectroscopy can identify elements present in 
stars and the atmospheres of planets

• Doppler shifts in emission or absorption lines can 
be used to determine relative velocity of stars and 
planets
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Looking for Exoplanets-Mass of Stars

• Once the distance of the nearby star is 
calculated, its mass can then be determined

• First, the apparent luminosity of the star, or 
how bright it is as seen from the Earth, is 
measured

• Since brightness, or luminosity, is directly 
related to mass for a given star type 
(Hertzsprung-Russel diagram), the calculated 
brightness can be used to determine its mass
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Looking for Exoplanets- Properties of Stars 
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Looking for Exoplanets- Properties of Exoplanets

• The orbital radius plays a key role in determining 
whether or not the planet can support life
• Habitable zone

• If the planet is too close to its parent star, the 
planet will be tremendously hot; the planet's 
molecules will be travelling so quickly, and with so 
much energy, that most of the chemistry that is 
seen on Earth will not be possible

• It is unlikely that any molecules capable of 
supporting life will form, and certainly not liquid 
water

• Planets that are sufficiently close to their star will 
also likely be stripped of any atmosphere that they 
might have had
• Stellar  winds
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Looking for Exoplanets- Properties of Exoplanets

• If the planet is too far away from the parent 
star, it will be too cold for liquid anything, and 
liquids are thought to be essential for life

• Many scientists assume that liquid water is 
necessary for life, and if this is true, then 
there are lower and upper bounds on the 
orbital radius which would allow the 
exoplanet to harbor life

• These bounds define what astronomers call 
the 'Habitable Zone' because the temperature 
is just right for life as we know it
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Looking for Exoplanets- Properties of Exoplanets

• Once the mass of the parent star is known

• And the orbital period of the exoplanet is 
known

• Other  properties of the exoplanet can be 
characterized:
• Planet orbital radius

• Estimate of planet temperature
• In the habitable zone?

• Planet radius
• Planet volume
• Planet surface area

• Planet mass
• Planet density

• Mass/Volume
• Planet composition

OLLI Fall 2021 17



Looking for Exoplanets- Properties of Exoplanets

• The planet's mass can determine whether or not 
the planet can support an atmosphere

• Some planet masses are too low, and their gravity 
is too weak, to hold on to an atmosphere

• Other planets are so massive, and their gravity so 
large, that life may not be possible

• If it does exist on these planets, it will likely be 
quite different than any life seen on Earth, so 
scientists are not focusing their efforts on these 
massive planets in their search for life

• The density can give clues about the planet's 
composition and whether or not it might have a 
significant atmosphere

• For example, for medium to large sized planets 
which are not very dense, it is possible to 
determine that they likely have an atmosphere, or 
perhaps that their composition is mostly ice and 
gas

• On the other hand, dense planets are more likely 
to be rocky, and some may even be composed of 
more exotic materials such as graphite or even 
diamond
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Looking for Exoplanets - Status 

• NASA data (9-29-21)

• 4521 confirmed exoplanets 

• 7761 candidate exoplanets

• 3353 planetary systems

• Planet Types

• Gas Giant (1430)

• Neptune-like (1531)

• Super Earth (1389)

• Terrestrial (166)

• Unknown (5)



Looking for Exoplanets

Next session

• Search Methods
• Astrometry method
• Radial Velocity method
• Transit method
• Direct Imaging method
• Gravitational Lensing method
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