
Methods of Detecting Exoplanets – Planets Orbiting other Stars 

(a)  A planet and its star both orbit around their common center of mass, always staying on 
opposite sides of that point. The star’s motion around the center of mass provides astronomers 
with the information that a planet is present.  

(b)  As a planet moves toward or away from us, its star moves in the opposite direction. Using 
spectroscopy, we can measure the Doppler shift of the star’s spectrum, which reveals the 
effects of the unseen planet or planets. (First one discovered in 1989). (NAAP Simulation) 

(c)  If a planet happens to move in a plane that takes it across its star (that is, the planet transits 
the star), as seen from Earth, then the planet will hide some of the starlight, causing the star to 
dim. This change in brightness will occur periodically and can reveal the presence of a 
planet. (NAAP Simulation) 



Methods of Detecting Exoplanets – Transit Method 
NASA’s KEPLER MISSION  (2009-2013) 

http://www.youtube.com/watch?v=VVnL851PJuU&feature=channel_page 

MISSION UPDATE: KEPLER  



Microlensing  
reveals an extrasolar planet. 

Gravitational fields cause light 
to change direction. For these 
simulations, the closer star 
and planet are 17,000 ly away, 
while the distant star is 
24,000 ly away. 



New Instrument to 
Directly Image 
Planets (2014). 



This figure shows the separation 
between extra-solar planets and their 
stars. Note that many systems have 
giant planets that orbit much closer 
than 1 AU from their stars. (MJ is 
shorthand for the mass of Jupiter.) 
For comparison, the solar system is 
shown at top. 
 
•  It’s easiest to detect Large 
Planets that orbit close to a star.  



A Star with Three Planets 

(a) The star Upsilon Andromedae has at least three planets, discovered by measuring 
the complex Doppler shift of the star. This star system is located 44 ly from 
Earth, and the planets all have masses similar to Jupiter’s.  

(b) The orbital paths of the planets, labeled B, C, and D, along with the orbits of 
Venus, Earth, and Mars, are drawn for comparison. 



The Size of the Sun as Observed 
from Different Planets 

The closer to the Sun, the bigger the Sun 
appears, and the hotter the planet will be. 
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Habitable Zone for Life 

In astronomy and astrobiology, the 
habitable zone is the scientific term 
for the region around a star within 
which it is theoretically possible for a 
planet with sufficient atmospheric 
pressure to maintain liquid water on 
its surface. 

On February 2, 2013, the Kepler Space Observatory Mission team 
released a list of 54 planets that may be in the "habitable zone”. 
Six candidates in the "Habitable Zone" are listed as smaller than twice 
the size of Earth. 



Table of Exo-Planets 

On February 2, 2013, the Kepler Space Observatory Mission team 
released a list of 54 planets that may be in the "habitable zone”.  



Earth Like Planet Kepler 22b  

Kepler-22b is an extra-solar planet orbiting a Sun like Star Kepler-22. It is 
located about 600 light years away in the constellation of Cygnus. It was 
discovered by NASA’s Kepler Space Telescope in 2011 and was the first 
known transiting planet to orbit within the habitable zone of a Sun-like star 



Exo-Planet  
Gleise 581g  

 https://www.youtube.com/watch?v=QMq6iEwGOQQ 

Gliese 581g is an extrasolar planet claimed to orbit the red dwarf star Gliese 581, 22 light-years 
from Earth in the constellation of Libra. It is the sixth planet purportedly discovered orbiting the 
star. The discovery was announced by the Lick-Carnegie Exoplanet Survey in late September 
2010, after a decade of observation. 
 
Gliese 581g has attracted attention because it is near the middle of the habitable zone of its 
parent star. That means it could sustain liquid water on its surface and could potentially host life 
similar to that on Earth. (The planet is expected to have temperatures around −37 to −12 °C, 
however). If it is a rocky planet, favorable atmospheric conditions could permit the presence of 
liquid water, a necessity for all known life, on its surface. With a mass 3.1 to 4.3 times Earth's, 
Gliese 581g is considered a super-Earth and is the planet closest in size to Earth known in a 
habitable zone. This makes it the most Earth-like Goldilocks planet found outside the Solar 
System and the exoplanet with the greatest recognized potential for harboring life. The supposed 
detection of Gliese 581g after such a short period of searching and at such close proximity has led 
some astronomers to hypothesize that the proportion of stars with habitable planets may 
be greater than ten percent. 



Exo-Planet Discovery Methods 



Formation of the Solar System 

l  Hydrogen, Helium, and traces of Lithium, the three lightest 
elements, were formed shortly after the formation of the universe 
(Big Bang). The heavier elements were produced much later by 
stars and are cast into space when stars die.  

l  By mass, 98% of the observed matter in the universe is hydrogen 
and helium. 

l  The solar system formed 4.6 billion years ago from a swirling, disk-
shaped cloud of gas, ice, and dust called the solar nebula. 

l  The planets and other debris in the solar system today formed from 
gas, ice, and dust in the solar nebula orbiting the protosun. 

l  The outer solar system, beyond the frost line, had both dust and 
ice (including hydrogen and helium), while inside the snow line, 
such ices were vaporized by the protosun. 

l  The Sun formed at the center of the solar nebula.  
l  For 800 million years after the Sun formed, impacts of asteroid like 

objects on the young planets dominated the history of the solar 
system (Period of Late Heavy Bombardment). 



Formation of the Solar System 

l  Jupiter and Saturn were initially worlds of rock and metal that 
pulled onto themselves large amounts of hydrogen and helium, along 
with some water. 

l  Uranus and Neptune were also initially worlds of rock and metal, 
but they attracted more water and less hydrogen and helium than the 
other giant planets. 

l  The four inner planets formed through the collisions of Moon-
sized bodies, probably after the outer four planets were formed. The 
terrestrial planets are relatively small, have high average densities, 
and are composed primarily of rock and metal. 



Categories of Solar System Objects 

l  Astronomical objects smaller than the eight planets are classified as 
dwarf planets or small solar system bodies (SSSBs). 

l  KBOs and Oort cloud objects are trans-Neptunian objects—they orbit 
farther from the Sun than the outermost planet. 

l  Other objects orbit the Sun beyond Neptune. At least 1500 KBOs have 
been observed. A few potential Oort cloud objects have also been 
identified. 



Comparative Planetology 

l  Pluto, once considered the smallest planet, has a size, density, 
and composition consistent with other large Kuiper belt objects 
(KBOs). 

l  Asteroids are rocky and metallic debris in the solar system, are 
larger than about 10 m in diameter, and are found 
primarily between the orbits of Mars and Jupiter, in the Asteroid 
Belt. 
l  Ceres – Diameter=900km 
l  Vesta D=500km 
l  Pallas D=500km  

l  Meteoroids are smaller pieces of such debris.  
l  Comets are debris that contain both ice and rock. 



Planets Outside Our Solar System 

l  Astronomers have observed disks of gas and dust orbiting young stars. 
l  More than 1000 exoplanets have been discovered orbiting other stars. 
l  Most of the exoplanets that have been discovered have masses roughly 

equal to the mass of Jupiter. 
l  Exoplanets are discovered indirectly as a result of their effects on the stars 

they orbit. 



Key Terms 

accretion 
asteroid 
asteroid belt 
average density 
Comet 
dense core 
dwarf planet 
Kuiper belt 
Kuiper belt object (KBO)  
meteoroid 

Microlensing 
Nice model 
Oort cloud 
orbital inclination 
planet 
planetesimal 
protoplanetary disks  
protosun 
solar nebula 
solar system 
terrestrial planet 
trans-Neptunian object (TNO) 
 



Important Concepts for Describing Planets 

l  Density 
l  Albedo 
l  Gravity  
l  Atmospheres 

l  Surface gravities 
l  Escape velocities 



Density 
(=Mass/Volume) 

 
All of the objects in this image 
have the same mass (total 
number of particles). However, 
the chemicals from which they 
form have different densities 
(number of particles per 
volume), so they each take up 
different amounts of space 
(volume). 



l  The concepts of Density and Albedo are useful in planetary studies. 
 
  Density = mass/volume 

l  The density of water is 1 gram per cubic cm. (=1000 kg/m3) 
l  The density of rock is 2.5-3 grams per cubic cm. 
l  The density of lead and iron is 8 grams per cubic cm. 

l  The density of an object can give an indication of its composition. 

Density and Albedo 

 
   Albedo x 100 = % of incident light that is 
reflected. 

–  A perfect mirror has an albedo of 1.0 
–  A black surface has an albedo of  0.0 

•  The albedo of an object is an indication of 
the surface composition. 
•  The Earth’s average albedo is 0.3 



Escape Velocities and Atmospheres 
l  An atmosphere is a thin layer of gas bound to a planet by 

gravity.  The gas particles will have some typical velocity 
depending on the temperature and type of gas. 

l  The velocity of gas particles can exceed the escape velocity of 
the smaller planets and moons.  This means they will not have 
an atmosphere. 

•  Heavier gasses tend to stay closer to the surface than lighter gasses. 
•  If the gravity is weak, even the heavier gasses may escape. 


