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History of the Universe

Gravitational Waves

2 e

/

7

/ 77 r~ - y;

\ ’,"\ II"\ N ) £\ 7\ A {3\ £y ' / \\ /
Inflation WAV AN AAY AN PN DAN NAN NAN INANL INANL INAANS NN N ]
Generates WAV AV AV AV A AV AV AV /NN AN NN N N/
Two Types of < Voo g v NS \_/ \_/ \_/ N/ N/ e’
Waves Waves Imprint Characteristic

Density Waves Polarization Signals

\
\
\

Free Electrons Earliest Time
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Nuclear Fusion Begins
Neutral Hydrogen Forms
Modern Universe
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Polarization of Light

Electric field
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Passage of Graviational Wave



BICEP2 South Pole




B signal

BICEP2
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Brightness Variations on Sphere
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Cosmic Microwave Background




Spherical Harmonics
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A New Distant Dwarf Planet in
Our Solar System : “VP113”

© NASA/JPL-Caltech/R. Hurt ($SC-Caltech)
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Orbit extends to over 1000 AU!




THE SUN'S CLOSEST NEIGHBORS

WISE 0855-0714
disc. 2014

T
6 LIGHT YEARS WISE 1049-5319

disc. 2013
Barnard’s Star

disc. 1916 Alpha Centauri

a GHT YEARs disc. 1839

’ Proxima

Centauri
disc. 1917










An Earth Analog?

Kepler-186f Kepler-186 System

Solar System




Background ~ 300,000 years

Cosmic Microwave
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First stars formed after ~ few 100 million years




Distant Galaxies in the Hubble Ultra Deep Field
Hubble Space Telescope « Advanced Camera for Surveys

NASA, ESA, R. Bouwens and G. lllingworth (University of California, Santa Cruz)







Evolution of
Spiral Galaxies

7 to 10 billion
years ago

3 to 7 billion
years ago

Present to
3 billion years ago




Earth ~4.5 billion years ago
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~9.3 billion years after Big Bang




Earth had life within at least
~700 million years of formation

Copyright © 2007 Pearson Education, Inc., publishing as Pearson Addison-Wesley.



After 4 billion years of evolution
— the Cambrian Explosion




Extinction History last 500 million years
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The Modern Tree of Life

Bacteria Archaea Eukarya
purple halobacterium slime animals
bacteria methano- molds |
.. bacterium fungi
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proteus
thermo- ¢ '
oyrodic- COCCUS g]yertuhsano- agellates
tium .
thermotoga —
sporidia

diplomonads
aquifex root




Sea Vents Yellowstone Antarctica Atacama
Hotsprings Subglacial Desert
Lakes







- w (Omeéa) Cehtéd‘ R "iflj_
HSTWFCS‘/UVIS

AN b R ' terrestrial planets in Habltable :

’ .\ : e %
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