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The Accelerating Understanding
of our Place in the Universe
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Galileo Galilel

(1564-1642)




Nicolaus
Copernicus

(1473-1543)
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Tycho
Brahe

(1546-1601)

Johannes Kepler

(1571-1630)
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From the beginning,
astronomy has consisted of
three interacting branches:

e Invention and Experiment
e Observation and Analysis
 Hypothesis and Theory
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|Isaac Newton

(1642-1727)
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“I do not know what | may appear to the world, but to
myself | seem to have been only like a boy playing on
the sea-shore, and diverting myself in now and then
finding a smoother pebble or a prettier shell than
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William Herschel

(1738-1822)

Caroline Herschel
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J.C. Kapteyn

(1851-1922)
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Albert Einsteln

(1879-1955)

LIGHTS ALL ASKEW.
I\ THE HEAVENS

Men of Science More or Less
Agog Over Resulls of Eclipse
Chservalions.

EINSTEIN THEORY TRIUMPHS

Btars Not Where They Seamwed
or Were Calcudated to be,
but Nobody Nead Worry,

A BOOK FOR 12 WISE MEN
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Henry Norris Ejnar
Russell Hertzsprung

(1877-1957) (1873-1967)
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Cecilia Payne
Gaposchkin

(1900-1979)

“Undoubtedly the most brilliant Ph.D. thesis
ever written in astronomy. “ Otto Struve
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George Ellery Hale

(1868-1938)

Mt. Wilson 60”
1908

Yerkes 40”
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Mt. Palomar 200"

Hale Telescope
1948




Albert A. Michelson

(1852-1931)
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Henrietta  Harlow Shapley

(1885-1972)

Leavitt

(1868-1921)
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Edwin Hubble Walter Baade

(1889-1953) (1893-1960)

ANOTHER UNIVERSE
SEEN BY ASTRONOMER

Dr. Hubble Describes Mass of
Celestial Bodies 700,000 Light

CHICAGO, Jan. 21 (».—For years
astronomers have speculated as to
whether varjous nebulous formations
in the heavens belongs to this universe
or were ‘“island’” universes of their
own, immeasurable distances away.
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Karl Jansky

(1906-1950)
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Fritz Zwicky  Vera Rubin

(1898-1974) (1928-)
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Hans Bethe

(1906-2005)
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Edwin Salpeter

(1924-2008)
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IsoTRory oF THE CosSMIC
Microwave BaAcKkGRoOUND

Penzias & Wilson

(1933- and -1936-)
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Infrared & X-ray Pioneers

(0.1 keV) (200 keV)
im mm JODDA 100A 0.05A

uv l X-Rays Ggg‘;‘;‘

Radio and Microwave ‘ IR

"
>

SATELLITES
ROCKETS
!
BALLOONS
Robert Leighton AIRCRAFT
Gerry Neugebauer | (LR
i " mounTAINTOP |
= OBSERVATORIES
= ‘ il
Sea Level

/SCO XR-1 4

2000_ -
¢ L
o
/ 21600 [~ ] N
. . b4}
g v}
g L 5 x %)
= o 3 3% T
N | 1 T[] w9 % = _|
o 1200 a O o3 =
s ™ wl < 2
z b < 20 wX N
3 sl 2 3llz3s :
C 800 PLANE 2« o ¢
F X z =~ 0
GALAXY 32 8 §

Harold Johnson
Frank Low

a
3
T
o
M
- E
1

P relll IR
120 140 200 240 280 320 360
SCAN ANGLE - deg

oo
&
8




Efficient Light Detection

Judith Pipher
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“California Planet Search”

¥
and
“Geneva Extrasolar Planet”
Teams ;x
Y p PLANETS AROUND NORMAL STARS

Star/Planet Sizes NOT TO SCALE
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ORBITAL SEMIMAJOR AXIS (AU)

Picture Credit E. Williams, G. Marcy, and L-A. McConnaughey, {UC Berkeley), (SFSU)




Number of Planets

>350 known “exo-planets”
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“UCLA Galactic Center”
and
“Max Planck Institut IR/'Submm”
Teams

® SO0-1
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Keck/UCLA

Galactic Center Group 1995-2009



“High-z Supernova Search”
and
“Supernova Cosmology Project”
Teams
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Common Themes:

- Inspiration

- Cataloging the sky

- Deciphering physical nature of objects

- Establishing empirical relations / patterns

- Appreciating our place in the universe —
location and relative size, evolution,
whether we are common/unique.

- Cleverness in our pursuit of the unknown

- The pace of astronomical discovery
shows no signs of slowing down!




From Galileo to
Today to the Future:

* Technology and instrumentation
e Data collection and analysis
* Interpretation =» more questions
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