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Looking for Exoplanets
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• A few equations
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• Are We alone?
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Looking for Exoplanets

• An exoplanet, or extrasolar planet, is a planet outside of our solar system that usually orbits 
another star in our galaxy

• Most of the exoplanets discovered so far are in a relatively small region of our galaxy, the Milky 
Way

• "Small" meaning within thousands of light-years of our solar system

• One light-year equals 5.88 trillion miles, or 9.46 trillion kilometers

• There are estimated to be 100 million to 400 million stars in the Milky Way galaxy

• Hubble Telescope observations -estimated 100 billion  to 200 billion galaxies in the visible 
universe

• NASA’s Kepler Space Telescope observations- more planets than stars in the galaxy
• More than 10,000,000,000,000,000,000 planets
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Looking for Exoplanets

• In the sixteenth century, the Italian philosopher Giordano Bruno, an early supporter of the Copernican 
theory that Earth and other planets orbit the Sun (heliocentrism), put forward the view that the fixed stars 
are similar to the Sun and are likewise accompanied by planets

• In the eighteenth century, the same possibility was mentioned by Isaac Newton in the "General Scholium" 
that concludes his Principia

• Making a comparison to the Sun's planets, he wrote "And if the fixed stars are the centres of similar systems, 
they will all be constructed according to a similar design and subject to the dominion of One."

• In 1952, more than 40 years before the first hot Jupiter was discovered, Otto Struve wrote that there is no 
compelling reason why planets could not be much closer to their parent star than is the case in the Solar 
System

• He proposed that Doppler spectroscopy and the transit method could detect super-Jupiters in short orbits
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Looking for Exoplanets

• A century ago the Milky Way galaxy was the “known universe”

• The source of light from stars was not known

• The only star known to have planets orbiting it was the Sun

• Only the Sun was known to have planets orbiting 

• We now know that the Milky Way is but one of many galaxies that populate the visible universe
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Looking for Exoplanets- Naming Convention

• Stars have names or identifying numbers e.g. Proxima Centauri

• Exoplanets have a string of numbers to identify them e.g. HR 2562 b

• The first string of characters denotes the star-system to which it belongs

• That text is followed by a letter a for the star around which the planets orbit 

(it is often omitted)

• The rest of the letters b, c, d... denote the order of discovery of the planets
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Looking for Exoplanets

• Late in the 20th century looking for exoplanets was not an acceptable task for astronomers
• Studying brown dwarf stars was OK

• October  1995 Michael Mayor and Didier Queloz reported a planet orbiting a Sun like star,             
51 Pegasi, some 50 light years from the Sun

• The planet , 51 Pegasi b, had a mass about ½ that of Jupiter and an orbital period of 4.23 earth 
days-incredibly close to its host star

• Two more planets were found in data that had not yet been analyzed:
• 70 Virg b and 47 UM ab
• Both were more massive and closer to their stars than expected

• Hot Jupiters

• Michael Mayor and Didier Queloz received the Noble Prize in physics in 2019
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Looking for Exoplanets

• The initial exoplanet discoveries:

• Demonstrated that exoplanets exist around other Sun like stars 

• It was possible to find them

• The solar system is not the template for other star/planet systems
• Questions about planet formation theories
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A Few Equations

• Isaac Newton (1642-1726)
• Classical Universal Law of Gravity
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The Inverse Square Law
• Inverse Square Law

• Intensity decreases as distance from its source increases

• At the surface of the Sun the intensity of the solar radiation is
~ 6.33×10 7 W/m 2 (watts, per unsquared meter

• At Earth the  Sun’s intensity is ~1,367 W/m 2

• Inverse Square Law applies to:
• Electromagnetic radiation
• Sound
• Illumination
• Electrostatic forces
• Gravitational force
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A Few Equations

• Albert Einstein (1879-1955)
• Energy-Mass Equivalence

• Source of stellar energy
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Looking for Exoplanets

• The universe is all of space and time and their contents , including planets, stars, galaxies, and all 
other forms of matter and energy

• The Big Bang theory -space and time emerged together about 13.8 billion years ago, and the 
universe has been expanding ever since

• Spatial size of the entire universe is unknown

• The cosmic inflation equation indicates a minimum diameter of 23 trillion light years

• The observable universe today is approximately 93 billion light-years in diameter

• Hubble Space Telescope data suggests  200 billion galaxies in the observable universe
• Recent  estimates are greater than 2 trillion galaxies
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The cosmic microwave background, seen in this all-sky 2013 map from the Planck satellite, is the oldest light in the universe. Its discovery in 1964 
marked a turning point in widespread acceptance of the Big Bang theory.

Looking for Exoplanets
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Looking for Exoplanets
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Looking for Exoplanets

15

The Milky Way galaxy is estimated 
to have formed  10 to 12 billion 
years ago
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Looking for Exoplanets

• Early astronomers noticed that several “stars” moved around or wandered in the night sky

• These were the planets Mercury, Venus, Mars, Jupiter, and Saturn which are  visible to the unaided  eye

• Planet comes  from the Greek word for wanderer- Πλανήτης
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Looking for Exoplanets
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Looking for Exoplanets

• The solar system, Sun and Earth are 
estimated to be about 4.5 billion years old

• The earth orbits the Sun in its “habitable 
zone”

• The “habitable zone” is the distance from 
a star at which liquid water could exist on 
orbiting planets’ surfaces

• Habitable zones are also known as 
Goldilocks’ zones, where conditions 
might be just right – neither too hot nor 
too cold – for life

• Exoplanets in their stars’ habitable zones 
are of special interest
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Solar System Planets in the  Habitable Zone
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Ways to Find an exoplanets

• Transit method
• Eclipses
• 3410 planets discovered

• Radial Velocity method
• Stars wobble
• 878 planets discovered 

• Direct imaging method
• Taking photos
• 54 planets discovered

• Gravitational lensing method
• Light bent by gravity
• 112 planets discovered

• Astrometry Method
• Tiny movements
• 1 planet discovered

• 4514 confirmed exoplanets
• 1531 Neptune like

• Similar to Uranus or Neptune
• 1429 gas giants

• Similar to Jupiter or Saturn
• 1383 super earths

• More massive than earth , lighter than gas giants-
unlike any planets in the solar system

• 166 terrestrial
• Rocky with iron rich cores like Mercury, Venus, Earth 

and Mars
• 5 unknown

20OLLI Fall 2021



Exoplanets

• Next session
• Why Look
• Finding Exoplanets

• Problem-Distances
• Physics

• Determining distances and properties
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