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Hartmann/Impey: The Cosmic Joumney, 5th ed., Fig. 26-9 © 1994 Wadsworth, Inc.




STEADY- STATE vs EVOLUTIONARY
MOOELS

“THE KRS0 -19bOs DERATE

» OBSERVATIONAL EVIDENCE

STRONELY  FAVERS  EVOLUTIONALCY
———— MODELS

* 3°K BACKELOIND RADIATION

 GALAYIES, QOASARS, - EVSLNE
WITH LOQOK = BACU, “TTME

« HOT BIG-RANIS NEGOED To
ACCoonT FaRk HEL/OM CoATENT

- DEBATE WAS A SPOR,

+ ORSERVATIONAL  ASTRONONY
DEVEOPED FAST'EYZ_, WP ZADIO
ASTIZONONY

« IDEAS ARDUT STELLAR
NUCLEDQ SYA)THESIS GREW

DO STARS ©R, FIRERALL (816 84nG )
MAKE THE CHEM\LAL g



A PUZTLLING UNIVERRE T

SRAVITY MUST Slow

HORBLE ExPANRIoN

ORSERVATIONS [T, SA]

SHow E"MMS(W IS
MOW  ACCELE RPATING

CMB RIPPLES SHow
UMWERSE IS FLAT

= VERY FLAT



MASS + ENE RGYJUQGGT = TODAY
( Segos pY4(s)

4.5 °/° NORMAL [BAW(CJ

MATTER
7% DRk [Now. BARaN(CT

MATTER,
728% Dae, ENERE Y
(RePOL sWE )

Hb =70 “N(S(MPC

WHAT GR'A% WaKD Yoo
GVE ASTRoNo mees P



EXTRA=SOLAR PLANETS
( ExOPLANETS )

DETECTION
— RADIAL VELSCITY

- TRANS\TS
{
- IMAGING | }’.}ﬁ.q?\"-‘m

HoTr JO0PITERLS
Nor ALWAYS CofLANAR



INHARITES WoRLos ©
SEeos puR" DRAKE EsLATION

Ne = Ny P'“’WL"FL' cu"Fs

TABLE 191

ivilizations per Galaxy =
Estimates Variables - Pessimistic Optimistic
Nx Number of stars in a typical large galaxy 2 X 10 2 X 101
fe Fraction of stars with planets 0.1 0.5
Nuz Number of planets per star that orbit in the habitable zone for longer than 4 billion years 0.01 1
fi Fraction of habitable zone planets on which life begins 0.01 1
fi Fraction of planets with life on which some species evolves to intelligence 0.01 1
fs Fraction of star’s existence during which a technological civilization survives 1078 1073
Ne Current number of communicative civilizations per galaxy : 2 X 1074 1 X 108
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There is something fascinating about
science. One gets such a wholesale return
of conjecture out of such a trifling
investment of fact.

Mark Twain
Life on the Mississippi
1883
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Thus the explorations of space end on a
note of uncertainty. And necessarily so.
We are, by definition, in the very center of
the observable region. We know our
immediate neighborhood rather intimately.

~ With increasing distance, our knowledge
fades, and fades rapidly. Eventually, we
reach the dim boundary -- the utmost limits
of our telescopes. There, we measure
shadows, and we search among ghostly
errors of measurement for landmarks that
are scarcely more substantial.

The search will continue. Not until the
empirical resources are exhausted need we
pass on to the dreamy realms of
speculation.

Edwin P. Hubble
The Realm of the Nebulae
1936



