Key Points


The Universe began with the so-called Big Bang roughly 10 billion years ago. Early events are describable as far back as about 10-35 seconds following the Big Bang, at which time the temperature of the Universe was a whopping 1028 degrees Celsius. Initially, the universe was populated mainly by photons, the quanta of electromagnetic radiation. 


The Solar System, including the Earth, was formed about 4.5 billion years ago in an obscure “corner” of an undistinguished galaxy, one of billions in the Universe. Our Sun is an average sort of star, one of billions in our galaxy, the Milky Way. Makes you feel kind of small, doesn’t it! Not only is our Sun not at the center of the Cosmos, but there is nothing special or impressive about our cosmic neighborhood (except perhaps that the Earth is one of a vast number of planets in the Universe where conditions are hospitable for some form of life; see SETI module).   


Astronomer Edwin Hubble showed from red-shift measurements of starlight that the Universe is expanding. This finding constitutes a major line of evidence for the Big Bang. Another major piece of evidence is the cosmic microwave background radiation (CMBR)), which is currently at a temperature of 2.7 Kelvin (or 2.7 degrees Celsius above absolute zero). {For your information, a recent scientific satellite called Cosmic Background Explorer, or COBE, has provided exquisite information about CMBR with excellent support of the Big Bang theory and extensive quantitative data pertinent to the general field of cosmology.


Beyond hydrogen and helium, the atomic elements were formed by thermonuclear fusion in the interiors of and debris from stars; heavy elements arose from supernovae. Therefore we and other living creatures are, so to speak, children of stars. Or, if you prefer, we are made of stardust! 


Notice how the Cosmos reading by Carl Sagan (planetary astronomer at Cornell and a leading popularizer of science), relates to our own SETI module as well as to our current topic of evolution. Sagan has been a leading advocate and active participant in SETI investigations.  


Questions


Some scientists consider the term “Big Bang” somewhat a misnomer, because the metaphor of an explosion is not strictly applicable. Explain what the problem is here.  


a) Define cosmic microwave background radiation. b) Why is it important for theories of cosmology?


State two additional lines of evidence for the Big Bang, besides the Hubble expansion and the cosmic microwave background radiation. 


What is the importance of Einstein’s relation E=mc2 with respect to the progressive formation of matter in the Universe following the Big Bang? 


a) How is helium formed from hydrogen? b) Discuss the significance and relative abundances of hydrogen and helium in the early Universe and today (specify how “early” you are considering.).  


Briefly define/describe the following types of stars: a) red giant, b) white dwarf, c) neutron star, d) pulsar, e) supernova, and f) black hole. 


a) What are cosmic rays? b) Where do they come from? c) What is their significance for life on Earth?  
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