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Carbon

Dioxide (CO,) 96.5% 0.03% 5%
Nitrogen (M) 31.5% T8% 2.T%
Oxygen (Oy) Trace 21% 0.13%
Argon (Ar) 0.007% 0.9% 1.6%
Methane (CH,) ] 0.002% 0
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Planetary Nebula NGC 2440
Hubble Space Telescope « WFPC2

NASA, ESA, and K. Noll (STScl) STScl-PRC07-09
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HUBBLE'S
LAW

v (km/s)
Recessional
Velocity

Slope of line
(ie v/d) is
Hubble's constant, Hy,

distance, d (Mpc)

HUBBLE'S CONSTANT, H,
is measured in km/s/Mpc
Present value
H, ~ 80km/s/Mpc

10" vr
Hll !
A large value of H implies
a young universe.

The background picture shows the
distribution of galaxies ¢
sky around the South G
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Planetary Nebula NGC 2440
Hubble Space Telescope « WFPC2

NASA, ESA, and K. Noll (STScl) STScl-PRC07-09
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Expansion of the Universe

Afrcr the Big Bang, the universe and cooled. At about 107 second, the universe consisted of a soup of quarks, gluons, electrons, and

neutrinos. When the temperature of t universe> C00led to about 10" K, this soup ¢ d into protons, neutrons, and electro
progressed, some of the protons and neutrons formed deuterium, helium, and lithium nuclei. Still later, electrons combined with protons and ¢
low-mass nuclei to form neutral atoms. Due to gravity, clouds of atoms contracted into stars, where hydrogen and helium fused into more m:
chemical elements. Exploding stars (supernovae) form the most massive elements and disperse them into space. Our earth was formed from
supernova debris.

Big  quark-gluon proton & neutron formation of formation of star dispersion of today
Bang 1 formation low-mass nuclei neutral atoms formation massive elements
Tuniverse 10° K 4,000 K 50 K-—?; K <50 K—38 K 3 K9
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Cluster ; ;
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