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Input:

expanding universe

output:

nothing
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Three most important things of the latter 20th century:

1. matter is made of quarks governed by 4 forces
implemented by the primacy of symmetry

2. the universe is expanding

3. the universe had a beginning
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In 1915
scientific cosmology
didn’t exist




1922, 23

Einstein didn’t take it well.

Now, the modern basis of solutions.
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GR plus the “Cosmological Principle”

a working assumption:

on a large scale, the properties of the Universe do not depend on an
observer’s location

so what we can observe can be extrapolated to a presumption that the whole
Universe is like that

Monday, April 25, 2011



The father of the
Big Bang
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For relativistic speeds, the full version is:

M: ﬂ—l Ny

Ao 1-3

This is called the “redshift,” z:

“redshift,” z AN
A
Ae
S o
=175

So, if you saw a spectrum of a star was shifted to the red
by measuring A\

You’d conclude that it’s
moving away from you

and could determine how
fast: (3
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HUBBLE'S
CONSTANT = 1/T
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@ FROM PRESUMED
* mé! lm i DPOPPLER-SHIFTED
SPECTRA

Hubble’s Law

H: a measure of the
time a galaxy has been
“traveling”
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universe

inside of the
universe
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Lemaitre was the first to realize that
Hubble had demonstrated:

1. spacetime is stretching

The entire kit and caboodle is expanding

2. Therefore, it must have come from something smaller
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universe

is complicated!
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1 light year = ¢ x 1 year = 9.5 x 10°m

original results:
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isn’t a Doppler
velocity

it’s geometry
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close @/\/ °

The further away a galaxy is:

the more red-shifted its spectrum will be

and the faster it will appear to be receding

the older it will be

and the younger it will appear to be!
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Measuring the Hubble Constant is an important
cottage industry in astronomy

current best result:
Ho = 70.4 £1.4 km/sec/Mpc — the age of universe is

13.7 + 0.13 B years

1 megaparsec (Mpc) = 10¢ parsec = 3.26 x 106 light years = 3.086 x 106 m
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Why is the sky dark at night?

because there were no stars in the very -~
early universe e
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energy/mass/pressure
I energy/mass/pressure
T
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Einstein
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Friedmann
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Lemaitre;
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4

used A as a “force’
to tune the
acceleration

“Primeval Atom”

cold, decayed
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the geometry of the universe can be measured

stay tuned
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interesting place:
parallel lines meet
infinite in extent

finite in volume

“closed” —they come back

toughtodrawa 4
dimensional world

3d world
but 2-d ants
no Ilupll

no “down”
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ants don’t change

distances between
them do

“positive curvature”
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a telescope

is a time machine
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we see back in time

the further away,

the younger they are depicted.

how can you tell what’s further away?
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radiation era = %
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\ galaxies

first
stars
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N

& 150,000y: atoms form

3

~180sec: D, He nuclel form

~Tusec: p, n form

~1012sec: where we work

zero: the big bang
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0.8 nanoseconds after midnight:
electrons/positrons no longer
formed

87 nanoseconds after midnight: \
H and He formed

15 min after midnight:
radiation breaks free
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dinosaur extinction

dinosaurs

Milky Way disk

Sun

first cells

sponges

first plants

4.5 hr to midnight:
early chimps

2.8 hr to midnight:
australopithecus

14 min to midnight:
neanderthal

7 min to midnight:
homosapiens




how far back?
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Thought to be among the newest galaxies in the universe —
lots of hydrogen left from the first nucleosynthesis
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Cosmological Scale Factor
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Atmospheric OH Night Sky Emission and
Subaru Narrow Band Filters
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aboratory:  Sloan Digital Sky Survey aka SDSS

location: Apache Point Observatory, NM
established:

notable directors:
John Peoples Richard G. Kron

type of lab: large- scale CCDsurvey telescope |
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To Hoyle: the Big Bang implied a creator.
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Big Bang cosmology is a form of religious
fundamentalism ...and this is why these peculiar states of
mind have flourished so strongly over the past quarter
century. It is the nature of fundamentalism that it should
contain a powerful streak of irrationality and that it should
not relate, in a verifiable, practical way, to the everyday
world. ...it would take an eternity of time to distill even one
drop of sense...Big bang cosmology refers to an epoch that
cannot be reached from any form of astronomy...

Fred Hoyle
Home is Where the Wind Blows 1994,
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distinct from Lemaitre’s idea about The Beginning

Gamow had it right:

the “hot big bang” is how we understand it today
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Mmmm, Mmmm Good....
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the universe is a big place
and getting bigger.

but was originally tiny.
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elementary particle epoch

inflation era quark era

Strong force
Electromagnetic force

Weak force
Gravitational force
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nucleon epoch

hadron era nucleosynthesis era opaque era
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cgalactic epoch

light era our era dark era

380,000y 1 My

1025
3000 K
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that lead to the Big Bang
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(all within the first 15 fake-minutes on my calendar)
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about 380,000 y after BB
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remember

galactic epoch

light era our era

380,000y 1 My
1L

at some point, they are too low in energy to do
anything...they just hang around.
about 70,000 years after BB

L]
0'2s

3000 K
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1948 with collaborators Alpher and
Herman: predicted a left-over
electromagnetic radiation: 5°K
nobody paid attention
or remembered.




the phone company was the hero
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1. | £ '

ATT Labs, Crawford
Hill, New Jersey

=% :
A Vit e

Giant ultra-sensitive horn-reflector antenna
bounced off the satellite. It is located at Bell Telephon

Holmdel, New Jersey.

Ea_ BELL TELEPHONE LABORATORIES

WORLD CENTER OF COMMUNICATIONS RESEARCH AND DEVELOPMENT
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everywhere...

with a special frequency distribution

LOG B{erg/cm2 SrHz)

WAVELENGTH (cm)
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