
Asteroid 2012 DA14 swept close on February 15, 2013 ! 

45 meters across (nearly 150 feet 
across), with an estimated mass of 
about 130,000 metric tons. 
It approached to within 17,200 
miles of Earth. 

If it were to hit the Earth, it would 
produce the equivalent of 2.4 
megatons of TNT. It would not 
destroy Earth, but it could flatten 
a city. (Tanguska, 1909). 
http://www.youtube.com/
watch?v=4jgbw0aPxHs 

NASA: On February 15, 2013, the asteroid will travel rapidly from the southern evening sky into 
the northern morning sky with its closest Earth approach occurring about 14:26 EST when it 
will be somewhat fainter than naked eye visibility. About 4 minutes after its Earth close 
approach, there is a good chance it will pass into the Earth’s shadow for about 18 minutes or so 
before reappearing from the eclipse. When traveling rapidly into the northern morning sky, 
2012 DA14 will quickly fade in brightness. 

17,200 miles 



This scale drawing shows the 
distribution of planetary orbits 
around the Sun. All orbits are 
counterclockwise. The four 
terrestrial planets are located close 
to the Sun; the four giant planets 
orbit at much greater distances. 
Seen from above the disk of the 
solar system, most of the orbits 
appear nearly circular. Mercury has 
the most elliptical orbit of any 
planet. 



The Sun and the planets are drawn to size scale in order of their distance 
from the Sun (distances not to scale).  
 
The four planets that orbit nearest the Sun (Mercury, Venus, Earth, and 
Mars) are small and made of rock and metal.  
 
The next two planets (Jupiter and Saturn) are large and composed 
primarily of hydrogen and helium.  
 
Uranus and Neptune are intermediate in size and contain roughly equal 
amounts of ices, hydrogen and helium, and terrestrial material. 



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 frost line, such 
ices were vaporized by the protosun. 

l  The Sun formed at the center of the solar nebula. After about 100 
million years, the temperature at the protosun’s center was high 
enough to ignite thermonuclear fusion reactions. 

l  For 800 million years after the Sun formed, impacts of asteroidlike 
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. 



Exo-Planets and 	

Other Planetary Systems	


Question: On average, how many of the stars in the 
night sky contain planets orbiting around them? 



Exo-Planets and 	

Other Planetary Systems	


Answer: On average, all of them (1 per star) 
– Sara Seager, MIT 



Exo-Planets and 	

Other Planetary Systems	


Current Exoplanet Archive Holdings 
 
1,035 Planets around 774 Stars  
179 Systems with Multiple Planets  
3,841 Kepler Candidates and Confirmed Planets 
Data as of 2014-02-13  
 
 

On November 4, 2013, astronomers reported, based on Kepler space mission data, 
that there could be as many as 40 billion Earth-sized planets orbiting in the 
habitable zones of sun-like stars within the Milky Way Galaxy.  
à The nearest such planet may be only 12 light-years away. 



Direct Imaging of Extra-Solar Planets 

(a) This is a Hubble view of Beta Pictoris, an edge-on disk of material 225 
billion km (140 billion mi) across that orbits the star Beta Pictoris (blocked out 
in this image) 50 ly from Earth. Twenty million years old, this disk is believed to 
be composed primarily of iceberglike bodies that orbit the star. The smaller disk 
is believed to have been formed by the gravitational pull of a roughly Jupiter-
mass planet in that orbit. Because the secondary disk is so dim, the labeling for 
this image is added in (b).  



The star Fomalhaut, blocked out so that its light does not obscure 
the off-center disk, is surrounded by gas and dust in a ring whose 
center is separated from the star by 15 AU, nearly as far as Uranus is 
from the Sun. This system is 25 ly from Earth. The dimmer debris in 
that system and between us and it scatters light that is considered 
“noise” in such images. 

Off-Center Disk 

Direct Imaging of Extra-Solar Planets 



http://astro.unl.edu/naap/esp/centerofmass.html 

Both the Planet and 
it’s Star orbit about 
their Center of Mass 

Methods of Detecting Exoplanets-  
Planets Orbiting other Stars 



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  


