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The Composition of the Universe, 
& The Cosmic Spheres of Time



Why do scientists take 
seriously the Double 
Dark cosmology, which 
says that more than 
99% of the cosmic 
density is invisible, and 
more than 95% is 
mysterious Dark Matter 
and Dark Energy?



NASA’s WMAP satellite
Wilkinson Microwave Anisotropy Probe

1st results reported: March 2003
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Big Bang Data Agrees with Double Dark Theory!
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Also Agrees with Double Dark Theory!

Max Tegmark
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dark matter simulation - expanding with the universe

same simulation - not showing expansion

dark matter 
starts very 
smooth

... but is 
attracted to 
the wrinkles 
in space

Text



Billion
years ago

Dark 
Matter

Simulation: 

Columbia
Super-

Computer

NASA
Ames

Laboratory

Double Dark Simulation
Rotation is to show 3-D shapes

Yellow marks dense regions 
where galaxies are forming

CLOCK



Via Lactea

Music: Bach Suite #2 for Flute









MillionThousand Billion

Solar System Relative Abundances



       Element                       by # atoms
10. Magnesium (Mg)  0.03%
 9. Chlorine (Cl)   0.04%
 8. Sodium (Na)   0.06%
 7. Sulfur (S)   0.06%
 6. Phosphorous (P)  0.20%
 5. Calcium (Ca)   0.24%
 4.  Nitrogen (N)    1.48%
 3. Carbon (C)    9.99% 
 2. Oxygen (O)    26.33%
 1. Hydrogen (H)   61.56%

Top 10 Elements in the Human Body



      Element                        by mass
10. Magnesium (Mg)   0.05%
 9. Sodium (Na)                       0.15%
 8. Sulfur (S)     0.25%
 7. Potassium (K)    0.35%
 6. Phosphorous (P)   1.0%
 5. Calcium (Ca)    1.5%
 4.  Nitrogen (N)     3%
 3. Hydrogen (H)    10% 
 2. Carbon (C)    18%
 1. Oxygen (O)              65%

Top 10 Elements in the Human Body

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

Carl Sagan





The Atmosphere is Transparent to Light and Radio

Ground-based observatory
Blue curve: high-altitude 
observatory (Mauna Kea)



Spectral Analysis

Each element has a unique spectral
signature:

• Determined by arrangement of electrons.
• Lines of emission or absorption arise from

re-arrangement of electrons into different
energy levels.

Hydrogen



Hydrogen 
Atom 
Spectrum

ultra-
violet visible infrared





Spectra of  Sodium, Hydrogen, Calcium, Mercury, and Neon



Motion Away from Us: Redshift

 Redshift  Blueshift



How redshift shows that the 
universe is expanding 

 The laws of physics are the same 
throughout the universe

 Hot atoms emit characteristic 
patterns of colors

 The whole pattern is shifted toward 
red (longer wavelengths) if atoms 
are moving away from us

 Galaxy redshifts increase with the 
distance of distant galaxies, showing 
that the universe is expanding.
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VOYAGE TO THE VIRGO CLUSTER



Orion



VOYAGE TO THE VIRGO CLUSTER
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ZOOM-IN TO THE HUBBLE ULTRA DEEP FIELD



Nearby Galaxies
to 2 billion light years

Luminous Red 
Galaxies
to 6 billion light years

Quasars
to 28 billion 
light years

Sloan Digital Sky Survey



Sloan Video

Ends with sphere of CBR
and two astronomers looking at it as thought they 
are on the outside

GALAXIES MAPPED BY THE SLOAN SURVEY

Data Release 4:
and two astronomers looking at it as thought they 
are on the outside565,715 Galaxies & 76,403 Quasars
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GALAXIES MAPPED BY THE SLOAN SURVEY



Cosmic Spheres of Time

When we look 
out in space 
we look back 
in time…



Cosmic 
Spheres 
of Time

When we look 
out in space 
we look back 
in time…

Earth Forms

Big Galaxies Form
Bright Galaxies Form

Cosmic Dark Ages

Cosmic Background Radiation
Cosmic Horizon (The Big Bang)

Today



Cosmic Spheres of Time



Credits   Videos:                       
Voyage to Virgo Cluster - www.ifa.hawaii.edu/~tully   Nancy Abrams            
Hubble UDF zoom-in - Summers - Hubblesite.org     R. Carlos Nakai 
SDSS map galaxies - astro.uchicago.edu/cosmus        Nancy Abrams    
LCDM simulation - Allgood & Henze, NASA Ames       R. Stoltzman/
        - people.nas.nasa.gov/chenze/Brandon                 C. Debussy

Music:                       

Symbolic Images of the Cosmos:                       
Cosmic Density Pyramid        Spheres of Time
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