                                                             ASTRONOMY 5

                                                           Lecture 2 Summary

                                                   BEGINNING COSMOLOGY

1) Speed of light: 186,000 miles/sec (7 times around the Earth in 1 sec).  This is fast, but not instantaneous.  Therefore, when we look out into space, we look back in time.

Lookback time: The amount of time it takes light to travel from a distant object to reach us here on Earth.  Hence, the amount younger by which we see the object.

Examples:     Moon                1.5 sec

                      Sun                   8 minutes

                      Jupiter              40 minutes

                      Nearest star      4 years

2) The lookback time in years is numerically the same as the distance in light years.

This is very convenient and is why we often use light years to express distance.  But don’t get confused -- a light year is a unit of distance, not time!

Object



Distance

Lookback time 

Nearest star


4 light years

4 years

Center of Milky Way

20,000 light years
20,000 years

Very distant galaxy

10 billion lyrs

10 billion years

3) Our view of the Universe in time is fragmented.  Each distance away from us is seen at a different time.  If we draw the Universe like an onion with ourselves at the center, each layer farther out looks younger (farther back in time) as we observe it.  I call this the “lookback onion.”  Each observer in the Universe is at the center of  his own lookback onion.

4) Each lookback onion has an edge that corresponds to looking back all the way to time t = 0.  You can’t see farther out than that because there has not been time yet for light to travel farther.  The edge of your lookback onion is called your HORIZON.  The Universe continues beyond your horizon, but you just can’t see it yet---you’ll see more of the Universe as time passes.  The horizon is not the real edge of the Universe, just of the part you can see.  Each observer has his own horizon.  We don’t know the total size of the Universe, but evidence suggests that it is very big, much bigger than our horizon.  In that case, observers can be so far apart that their horizons don’t yet overlap.  But they may overlap someday.

      5)  We will learn that our Universe is about 14 billion years old.  Hence, how large is

           the radius of our horizon? 

6)  OLBERS’ PARADOX: Why is the sky dark at night?  

The simplest universe you can think of predicts that the sky should be as bright as the surface of the Sun, even at night!

Simplest universe:  
Infinitely old…always existed…never changing.




Infinitely big…galaxies go on forever.




Not expanding or contracting…static.

Every line of sight then hits a star...so whole sky should be as bright as Sun’s surface!

But the night sky is actually dark…this is Olbers’ Paradox (Heinrich Olbers, early 1800’s, and before him, Johannes Kepler, 1610).

Olbers’ Paradox is the simplest yet most profound observation in cosmology … proves that simplest universe can’t be right.  At least one of the assumptions about the simplest universe must be wrong.

Olber’s Paradox is an example of a thought experiment, which is an experiment that you can do in your imagination without any apparatus.  Cosmology is full of such thought experiments.
I have already told you that the real Universe is not infinitely old, so we know that at least one of the assumptions of the simplest universe is wrong.  However, it turns out that another effect is even more important in making the sky dark at night.  We will learn what this is in future lectures.  

