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The Year is 1920 
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Universe is one 

galaxy 

 

Spiral nebula part of 

Milky Way 

 

 

 

300,000 lyr in 

diameter 

 
 

Milky Way one of 

many galaxies 

 

Spiral nebula 

distant galaxies 

500,000 to 10 

million lyr distant 

 

 30,000 lyr in    

 diameter 
 

 

The Scale of the Universe? 

 

 

1. Where are we in the   

    universe? 

 

2. What are ñspiral nebulaeò? 

 

 

 

 

3. What is our Milky Way  

    galaxy like? 

No accepted answers 
to the questions 

April 26, 1920 
A great debate is about to occur 
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Cosmology 

All civilizations have had cosmology 



Cosmology 



 Cosmic Journey 
13.8 billion years 



Pathway thru the Cosmic Journey 

Ideas Tools 

Ideas proposed 

 

Hypothesis developed 

 

Hypothesis revised 

 

Hypothesis becomes  

accepted theory 

Observations made 

 

Better observations 

 

More observations made 

 

New answers provided 

 

Ongoing process  
 
Scientific method 

    Questions are there 

Answers keep changing 
 



Ancient World View 

Uniform, circular motion 

 

Earth unique central position  

 

 

 

Almagest in about 150 CE 

 

 

 

 

 

Astrolabe medieval Islamic world 

Dominated thinking for 2,000 years 



Sun at the center of the universe 

 

Aristarchus of Samos 265 BCE 

Greek astronomer 

 

 

Nicholas Copernicus  1540 CE 

Renaissance-era mathematician and 

astronomer 

 

Referenced Islamic works cosmology 

Earth is losing its significance 

The Start of Scientific Cosmology 

New Idea 

310 ς 230 BCE 



                                Scientific observations 

 

First to use telescope 

 

Accepted Sun-centered Universe 

       

Scripture and Copernicanism  

were compatible 

 

Observed phases of Venus 

 

 

 

 

 

1564 ς 1642 
Galileo Galilei 

17th   Century Scientific Revolution 

Scientific observational proof  
Sun center of solar system 

New Tool 
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1571 ς 1630 
Johannes Kepler 

Kepler's Laws of Planetary Motion 

Foundation for Newtonôs  

theory of Universal Gravitation 

New Idea 

Non-circular motion 

New Tool 

         Mathematics  

 

Used to describe 

observations 
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Acceptance of sun-centered  

universe 

 

17th century Ptolemy physics  

no longer worked  

 

 

Observation of retrograde motion 

required new explanation 

 

 

 

           
                             Central problem of cosmology 

The Start of Scientific Cosmology 



Explained how objects move  

under influence of gravity  

 

Motions in the heavens 

obey the same laws of 

movement as bodies on Earth 
 

The Mechanical Universe 

(1643 ς 1727) 
Isaac Newton 

Physics is Physics 

New Idea 



Universe static with infinite 

number of stars 

 

Problem applying gravity  

to entire universe 

 

Gravity attracts ï all matter  

should clump into one big ball 

 

No observations show clumping 

 

Still Newton accepted  
static universe idea 

 The Universe in 1720 

Creator  

placed stars ñan immense distance from one anotherò 

Static Universe 

bŜǿǘƻƴΩǎ ¦ƴƛǾŜǊǎŜ 
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1750 - Thomas Wright (astronomer) 

1755 - Immanuel Kant (philosopher) 

 

             ï speculate other Island Universes (galaxies) 
 
 
 
 
 
 
 
1785 ï William Herschel counts stars 

  and sketches Milky Way 

Ideas and Tools 
New Idea 

New Tool 



Telescopes improve 

 

Multiple observations yield same results 

 

Data collected 

 

New hypotheses developed 

Newton 1668              Naval Observatory 1870            Mt. Wilson 1917 

Galileo 1609 

    Tools 



Astronomers work from home 

- Cannot go to the stars, 

  cannot bring the stars 

  into the laboratory 

 

- All information 

  from observing 

LIGHT 



Two important new tools of astronomy 



LIGHT Analyzing light from stars/galaxies 

composition surface temperature 
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Improved data from photography 



(1879 ς 1955) 
Albert Einstein 

1905 Special Theory of Relativity 

 

 - all motion relative 

 - speed of light is constant 

 

 Mass-energy equivalence     

 

                      E = mc2 

The Mechanical Universe 

New Idea 



Astronomers begin to measure distances 

1 light year (lyr) = how far light travels in one year 

New Tools 

9.5 trillion km   5.9 trillion miles 

300,000 kilometers/sec 
186,000 miles/sec 



Astronomers begin to measure distances 

1. Parallax 

 

2. Variable stars 

New Tools 



Astronomers begin to measure distances 

Parallax 

New Tool 

61 Cygni    11.4 lyr      0.28 arcseconds 

Observation confirmed a bigger universe 



Standard Candle Ladder 



Cepheid Variable Stars and Distance Measurement 

1912 Discovers Cepheid star 

         relationship between  

         brightness and period 

 

         Brighter star longer period          

New Tool 

Cepheid Variable Stars 



1918 - Harlow Shapley measures  
            distances to globular clusters 
 
           -  locates center of the Milky Way 
 
           - Sun not at the center of  
             the Milky Way 

Cosmology ς Tools 
Island Universes 

26,000 lyr 

100,000 lyr 

Shapley Measures Distances inside Milky Way 



1923  Discovers Cepheid variable stars in   

         Andromeda Galaxy (Messier 31) 

 

 Calculates distance at 1 million lyr      

           (modern 2.5 million lyr) 

 

 Observational evidence Universe 

           is larger than the Milky Way  

Hubble Measures Distances to Galaxies 

Edwin Hubble 
1889 - 1953 

New Tool 

Cepheid Variable Stars  



Star That Changed the World  V 1 



Questions of Great Debate Being Resolved 

1. Where are we in the Universe? 

 

     - Not in the center of the solar system or the Milky Way 

 

 

2. What are ñspiral nebulaò? 

 

 

      

 

3. What is our Milky Way galaxy like? 

 

     - 100,000 lyr in diameter 

Answers result of observations 



As we move forward with the story of the Universe 



Science Lesson # 1               Doppler Effect 

Source of sound moves 
Frequency of sound changes 

Source of light moves 
Color of light changes 



Science Lesson # 1               Doppler Effect 

Red Shift Blue Shift 
Arcturus Sirius 
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Redshift Detection 

1919 - Flagstaff 

 

Observes redshifts of galaxies 

 

Most moving away from the Milky Way 

 

He said they were ñdrifting in spaceò 

 

Did not publish his observations 

1875 ς 1969 
Vesto Slipher 

New Tool 

Spectroscopy 



The Mechanical Universe 

(1879 ς 1955) 
Albert Einstein 

The Theory of  
General Relativity 
not widely accepted 

New Idea 

1915 General Theory of Relativity 

Gravity a geometric property of space and time 
 
Spacetime 



Applies 10 field equations to an 

assumed static universe 

 

Answers predicted that gravity 

should shrink or expand Universe 

 

No observations that universe was 

shrinking or expanding 

 

Accepted static universe and 

added term to keep Universe static 

 
Called ñcosmological constantò 

The Mechanical Universe 

(1879 ς 1955) 
Albert Einstein 

The Theory of  
General Relativity 
not widely accepted 

New Idea 

1915 General Theory of Relativity 



GTR predicted location of 

star to be shifted by SUN 

 

Observes prediction 

 

Confirmation of the  

Theory of General Relativity 

 

Confirmation result of 

observation 

 

Einstein Proven Correct May 29, 1919 

predicted location 

GTR accepted, Einstein becomes famous 

New Tool 



Einstein was not alone 

Others solved Einstein field equations 

 

 

1917 ï Predicted redshift 

 

 

 

 

 

 

1922 ï Predicted expanding Universe 

New Ideas 



1927   Belgian Catholic Priest, astronomer  

           and professor of physics 

 

 His solution of field equations shows 

           expansion of universe and first  

           estimation of Hubble constant 

 

 Proposed the Universe began from the 

           primeval atom or the Cosmic Egg 

 

           First to suggest a BIG BANG 

 

1927  Einstein says ñgood math, bad physicsò          

     1894 - 1966 
Georges Lemaître 

Expansion of Space 

New Idea 



The Universe in 1928 

Universe  

    - static 

    - infinite 

    - Milky Way one of many galaxies 

We are NOT at the CENTER of the Universe 
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Hubble searches for redshift 

  1889 - 1953 
Edwin Hubble 

 Directs Milton Humanson (assistant at  

 Mt. Wilson) to study faint nebula for 

 redshift 

 

 

1929  Together study relationship between 

           distance to galaxies and their   

           redshift (velocity) 

      1891 ς 1972 
Milton Mumanson 

New Ideas 

redshift 



100 inch  
Hooker telescope 

Edwin Hubble 
1889 - 1953 

Expansion of Space 

Observations show  

As distance 
increases 
 
Redshift 
increases 
 
Receding velocity  
increases 



The farther the galaxy, the faster it moves away from us 

V = H0 X d 

Hubbleôs Law 

V = velocity 

H0= Hubble constant 

d = distance 

The Universe is expanding 

New Idea 



Hubbleôs Law 

Mpc = 3.3 million light years 

Expansion rate 



Cosmological Redshift 

New Idea 



Expansion of Space 

Expansion appears  

the same  

 

from every position  

in the Universe 



V =  H0 X d 

Hubbleôs Law 

V = velocity 

H0= Hubble  constant 

d = distance 

The value for the Hubble constant  

becomes the ñholy grailò for astronomy 

 

 

Observed Value for H0 has  

varied over time 

 

Best current is 73.8 km/sec/Mpc 

 
3% uncertainty  

Mpc = 3.26 million lyr 

New Idea 



The inverse of Hubbleôs 

constant is how long it takes 

the universe to reach its 

present size  

 

 

Current best estimate  

 

13.8 billion years 
 

The Age of the Universe 

H0 

--------- 

1 
Time = = 13.8 

New Idea 



The Behavior of Space 

General Theory of Relativity 



Hubbleôs observations implied that 

distant galaxies were moving away 

from us 

 

 

If galaxies are moving away from us, 

some time in the past, they must have 

been clustered close together 

Significance of Hubbleôs Law 

New idea ς space is expanding from something 

New Idea 
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1933 Einstein and Lemaître meet after    

         Hubble discovery of expansion of  

         space 

 

Einstein says  ñé most beautiful and 

satisfactory explanation of creationéò  

Expansion of Space 

1951 -  Pope Pius XII declared that  

            Lemaître's theory provided a   

            scientific validation of Catholicism 

             

Lemaître against mixing  

science with religion 



1948  - Predicted the big-bang universe  

             would at first be dominated by radiation  

 

          - Remnant of the radiation would remain 

             

          - Expanding universe would cool radiation  

            to very low energy 

            

          - Predicted temperature of the universe now  

            should be around 5 degrees Kelvin 

Ideas 

 1904 ï 1968 

George Gamov 

New idea 



Big Bang Universe 

   

   - explosion 13.7 billion years  

     ago created all things 

   - began super-dense  

     and super-hot 

   - expanding and cooling  

     ever since 

 

Steady State Universe  

 

   - Universe is expanding 

   - new matter and new galaxies  

     continuously created  

   - no beginning and no end               

1950 Two Hypothesis of Status of Universe 

Expansion accepted 

 

Big Bang controversial 



Big Bang Universe 

   

    

Expansion of Space 1950 

1915 -2001  

Fred Hoyle 



Universe  

    - expanding 

        -- from smaller beginning (BIG BANG) 

        -- steady state 

    - infinite 

    - many galaxies     

The Universe in the 1950s 

We are Not at the Center of the Universe 
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The View of the Universe Changes 

Predicted Cosmic Microwave Background Radiation detected 

Big Bang hypothesis accepted 

May 20, 1964 



Must go back to the beginning of time 

To Understand Big Bang Hypothesis 



How to go Back to the Beginning 

Physics, math and astronomy 

 

Clues left by Big Bang 

 

Run the clock backward  



Science Lesson # 2         Structure of Matter 

quarks + quarks = protons & neutrons 

 

 

             protons + neutrons = nuclei 

 

             nuclei + electrons = atoms       

 Elementary Particles 

 

      quarks 
     electrons 



Science Lesson # 2         Structure of Matter 

                                          Elementary Particles 

      various combinations of    

      protons + neutrons + electrons 

      compose all the elements 



The Beginning 

Then time and space begin 


