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Big Bang

In 1927, the Belgian priest Georges Lemaître was the first 
to propose that the universe began with the explosion of a 
primeval atom. 



To make an apple pie from scratch, you 
must first invent the universe. 

Carl Sagan



 
• The expansion of the universe began in 
a state of enormous density, pressure and 
temperature.

• A violent release of energy in which all 
matter expands outward from a single 
point

• “Big Bang” is a highly successful 
family of theories with no obvious 
competitor.

•  Explains what we see, and has made 
several successful predictions.

What is the Big Bang Theory?



1964 by Arno Penzias and Robert Wilson- background radiation





Bell labs wanted to remove hiss from overseas communications

Hired two physicists – Penzias and Wilson 



























Penzias and Wilson began looking for theoretical 
explanations. Around the same time, Robert Dicke 
(1916-1997) at nearby Princeton University had 
been pursuing theories about the big bang. He had 
elaborated on existing theory to suggest that if 
there had been a big bang, the residue of the 
explosion should by now take the form of a low-
level background radiation throughout the 
universe. Dicke was looking for evidence of this 
theory when Penzias and Wilson got in touch with 
his lab. He shared his theoretical work with them, 
even as he resignedly said to his fellow-researchers, 
"We've been scooped."





Alpher (Gamow’s grad student) told Joseph D'Agnese in his 
interview for Discover Magazine, There are two reasons you 
do science. One is the altruistic feeling that maybe you can 
contribute to mankind's store of knowledge about the world. 
The other and more personal thing is you want the 
approbation of your peers. Pure and simple.[12]
However, Ralph Alpher told his son Victor (1980) when he 
was considering advanced education, that "approbation" of 
anyone was NOT the reason to pursue graduate study or a 
career requiring advanced intensive study. Rather, he said to 
Victor, "you must enjoy and find satisfaction in the work you 
do every day, because you will not receive frequent rewards 
or pats on the back." Up to that time, he had received only 
three awards for his work in cosmology, from the American 
Philosophical Society, the Belgian Academy of Science, and 
the Franklin Institute—all occurring after he turned 50 
(personal communication to Victor S. Alpher added July 7, 
2011).



Alpher received the National Medal of Science in 2005 
for his discoveries in Cosmology as a graduate student.

The medal was presented to Alpher’s son as he was to ill 
to travel. 

Alpher died in 2007





http://www.youtube.com/watch?v=U0kXkWXSXRA





















Stellar Nebulae







Betelgeuse, also known by its Bayer designation Alpha Orionis, is the 
ninth-brightest star in the night sky and second-brightest in the 
constellation of Orion.















Super Nova











absorption lines in its spectrum (the Frauenhofer lines) 





What controls the abundance of 
Elements in the Solar System?



What controls the 
abundance of 
Elements in the 
Earth?

What controls the abundance of 
Elements in the Solar System?









Fusion



Fusion continues for 
heavy elements just 
at a faster rate



Fision



Birth of our solar system











Because the collapsing 
cloud is rotating, the 
collapse is inhibited in 
the plane of rotation. 
The gravitational 
collapse is uninhibited 
along the axis of 
rotation. The result of 
this asymmetric 
collapse is a flattened 
disk that is rotating 
around the central 
protostar. 





Formation of the planets-  Nebular hypothesis 

•      ~4.6-4.7 Ga, As the nebula collapsed towards 
center of mass 

•        Rotating disk shape to conserve angular 
momentum 

•      Irregular patches or eddies coalesce into km-size 
(and less) planetesimals. 

•        Planetesimals attracted each other and grew by 
accretion into protoplanets 

•        Protoplanets continued to grow by collision of 
other protoplanets and planetesimals 































“Wicked Stoopid”



Top fossil fuel emitters

The top four emitters in 2014 covered 59% of global emissions 
China (27%), United States (15%), EU28 (10%), India (7%)

Bunker fuels are used for international transport is 3.0% of global emissions 
Statistical differences are between the global estimates and sum of national totals is 1.1% of global emissions 

Source: CDIAC; Le Quéré et al 2015; Global Carbon Budget 2015



Top fossil fuel emitters (per capita)

Countries have a broad range of per capita emissions reflecting their national circumstances 
China’s per capita emissions have passed the EU28 and are 43% above the global average

Source: CDIAC; Le Quéré et al 2015; Global Carbon Budget 2015



Global carbon budget

The carbon sources from fossil fuels, industry, and land use change emissions are 
balanced by the atmosphere and carbon sinks on land and in the ocean 

Source: CDIAC; NOAA-ESRL; Houghton et al 2012; Giglio et al 2013; Joos et al 2013; Khatiwala et al 2013;  
Le Quéré et al 2015; Global Carbon Budget 2015













 Planetary composition: The Nine  Eight Planets 

•       Inner terrestrial (Earth-like)planets 

•      Compositional distribution akin to a distillation-  
       condensation sequence Iron (Fe), Magnesium (Mg),   
       Silicon (Si), & Oxygen (O) dominant 

•        Mercury, Venus, Earth, Mars  

•       Outer Jovian Planets (gas giants) 

•      Hydrogen, helium, water (plus small iron cores) 

•        Saturn, Jupiter, Neptune, Uranus  



Evidence for Water 

Stony Planets

Gassy Planets



Evidence for Water in Our Solar 
System??





Comets are found in two main regions of the solar 
system: the Kuiper Belt and the Oort Cloud. There 
are two types of comets: short-period comets and 
long-period comets. 









ShoemakerLevy9 comet



ShoemakerLevy9 comet



Halley’s comet



Mars

There are polar ice caps on Mars that get larger 
during the Martian winter and smaller in the 
summer. The ice caps are largely composed of 
frozen carbon dioxide, but small amounts of
water-ice have also been detected.



Vallis Marinaris







• bedforms - ripples

• evaporites - salt deposits



Water Ripples on Mars??



Area of Exploration: What Can We See?



Area of Exploration: Ius Chasma



Canyons suggest erosion - maybe water??





Area of Exploration: Melas Chasma



Area of Exploration: Candor Chasma



Area of Exploration: Ophir Chasma



Area of Exploration: Coprates Chasma



Europa Impact craters on Europa 
-- the jovian satellite that 
scientists say may hide a 
subsurface liquid ocean -- 
show that the moon's 
brittle ice shell crust is 
more than 3 to 4 
kilometers (1.8 to 2.4 
miles) thick.





Cracks are thousands of km long, but none 
of these features are higher than a few 
kilometers on Europa, making it one of 
the smoothest objects in our Solar System.  



What causes cracks and blocks?


