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The Milky WayThe Milky Way
In 1917 = The UniverseIn 1917 = The Universe

Today = 1 in 10Today = 1 in 101111

Axel Mellinger
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I think it must be static!
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1917:

Einstein stuck
in the
cosmological
constant to

make a static
Universe.

“Universe” = Milky Way Galaxy
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HarvardHarvard

““ComputersComputers””

~1900~1900
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Harvard Observatory Director

Pickering:

A great observatory should be as
carefully organized and administered
as a railroad.

Every expenditure should be

watched…and every care taken to
secure the greatest possible output for
every dollar expenditure.

A great savings may be effectuated by
employing unskilled and therefore

inexpensive labor, of course under
careful supervision.
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“It is worthy
of notice that
the brighter

variables have
the longer
periods.”
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The 100-inch Telescope at Mount Wilson
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Edwin Hubble

showed the

Milky Way was

not the whole

Universe.

We live in a

Universe of

galaxies, each

equivalent to

the Milky Way.
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Hubble used theHubble used the

apparent brightness ofapparent brightness of

stars in galaxies tostars in galaxies to

judge their distancesjudge their distances
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A Universe of 10A Universe of 101111

GalaxiesGalaxies
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Measure
Motion from

the spectrum:

The Redshift
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Hubble’s Own 1929 Hubble Diagram

Redshift proportional to distance
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Homogenous, but not
isotropic

Isotropic, but not
homogeneous
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What equation
describes this line?

Y = aX + b

V = H D  {b=0}

Y : velocity

X :

H: slope

Change in Y/Change in X

Km/s  / Mpc
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What equation describes this line?

V = H D  {b=0}

V (km/s) = H [km/s/Mpc] x D [Mpc

H: slope

Change in Y/Change in X

Km/s  / Mpc
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Computing the Cosmic

Age

V = H x D

t = Distance/Speed = D/(H x D)

t = 1/H

Need to get the units right

(km/sec/Mpc) => 1/sec

t in seconds
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Insert Hubble’s

Law:

V= D x H for

“speed”
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When did

cosmic

expansion

start?
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Cosmic Age

From expansion:

T = 14 Gyr (H/70)

Other ages--

Radioactivities-- solar system ~5 Gyr

Ages of globular cluster stars ~12 Gyr

A real history of the physical world!
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 as the

source of

cosmic
expansion:
DeSitter in

1930

Thanks to Jim Peebles
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Einstein’s View on 

 “An increase in
the precision of
data …will enable
us in the future
to fix its sign and
determine its
value.”  1932

No No !!
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Look up there, Willem!Look up there, Willem!
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Expected to
measure
slowing down
of cosmic

expansion
due to
gravity.
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Einstein visits Mt Wilson

1931
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CfA Supernova Group
2006
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Exploding stars

~ 4 x 109 Suns

~1 SNIa

/century in a

galaxy

~1 per second in

the Universe!
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Word of the day:

Lucubration:
Earnest study at
night

Saurabh Jha

2006 Harvard
“computer”
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Light

Curves:
Clues to

Luminosity

It is worth
noting that the
brightest
supernovae
have the
slowest declines
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Light Curve Shapes allow

us to separate the bright

ones from the dim bulbs
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What is the history ofWhat is the history of

cosmic expansion? Wecosmic expansion? We

need to look deep intoneed to look deep into

the past.the past.
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Brian Schmidt explains how

easy this will be
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Searching by Subtraction
unskilled and therefore inexpensive labor

under careful supervision--computers!
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ESSENCE
Results

An accelerating

universe!
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Big News
in 1998!

High-Z Team

Riess et al.
(1998)

Supernova
Cosmology
Project

Perlmutter et
al. (1999)
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Not Your Father’s

Universe!
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Dark Energy is Real…

But what is it?

CMB(WMAP)

SNe Ia

LSS

+ ISW, X-ray Clusters
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Google ‘Dark Energy’!

“These specialized processes are also

responsible for the very distinct odor of

Dark Energy!”
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Giant
Electronic

Cameras
Improve
Searches
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1/100 years ~ 1/5000 weeks => 5000 galaxies
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Updated
Constraints

Factor of 7
improvement
from 1998 by
building up the
samples and
extending the
redshift range

Riess et al 1998; High-z Team

New

See also Perlmutter et al. 1999

 Matter (Dark
& Shining)
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Real theorist!
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Is the Dark Energy the

Cosmological Constant?

Not good quantitative
agreement!

“A bone in the throat.”--
S. Weinberg
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Putting  on the Right

Hand Side
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Essence results: dark energy
could be 
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Searching for Supernovae

with HST

Back to the age of

deceleration
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HST

Refurbishing
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A New
Camera

on HST
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The Rise and Fall of a
Distant Supernova

Aug 1Sept 22Oct 1Oct 5Oct 10Oct 20Oct 30Oct 31Nov 17Nov 25
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Cosmic Deceleration from Dark Matter,

then Acceleration from Dark Energy!

Deceleration
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Evidence for

a change in

cosmic

acceleration:

‘cosmic jerk’

Future:

Acceleration

without

end?

Big rip?
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What next for HST?
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Telescope Concept

The Giant Magellan Telescope
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The first mirror has already been cast!
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DESTINY
Dark Energy Space

Telescope
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Dark Energy puzzles-- a
sign that we do not
know how to combine
gravity with quantum
physics!

Modifications to General
Relativity?

Effect of Extra
Dimensions?
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Science forScience for……

TechnologyTechnology

DefenseDefense

MedicineMedicine
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Science forScience for……

Technology => RichTechnology => Rich

Defense => SafeDefense => Safe

Medicine =>ImmortalMedicine =>Immortal
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Science forScience for……

Technology => RichTechnology => Rich

Defense => SafeDefense => Safe

Medicine =>ImmortalMedicine =>Immortal

& Bored& Bored
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Science forScience for……

The joy of finding outThe joy of finding out

how the world workshow the world works
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America: A Land of

Scientific Culture
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Gamow:

Seriously

Funny

in

1,2,3,

Infinity
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Fritz Zwicky--

Supernova

Visionary!
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Einstein’s Blackboard
1931
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Gamow dubs a blunder

From My World Line
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Einstein in 1917

Gravitation

would make
matter clump

Added in a

“Cosmological
Term” to make a
static universe:
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