


Most people are familiar with the term 'Big
Bang' theory. However when astronomer Sir
Fred Hoyle first coined the phrase 'Big Bang'
he did so in order to mock the theory. Hoyle
was a firm believer in the alternative steady
state theory which gives the universe no start
or end. However the name stuck and the term
Big Bang is now widely used although the
iIrony has been lost.
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The Planck Regime: 2 Theories:
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Ly= —5 Planck time ~ 10-43 sec

L, = Planck energy ~ 1019 GeV



relative strength of force —

Four known forces
S9N forc 1n universe:

Sectioweak force Strong Force

“super force”
GUT force
Bfectromagnemm ?

weak force

Electromagnetism

Weak Force

gravity

1 1 |

10" 10% 10%

temperature (K) GrthiW



Thought Question

Which of the four forces keeps you from sinking to the
center of the Earth?

A. Gravity
B. Electromagnetism

C. Strong Force
D. Weak Force



Do forces unify at high temperatures?
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Do forces unify at high temperatures?

relative strength of force —
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Era of Nucleo-
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Primary Evidence

» We have detected the leftover radiation from
the Big Bang.

» The Big Bang theory correctly predicts the
abundance of helium and other light
elements.



<% era of atoms @
‘d 4 11.500K

Evidence #1

3,000 K

Background radiation from Big Bang has been freely
streaming across universe since atoms formed at
temperature ~ 3,000 K: visible/IR

temperature



The radiation left over from
the Big Bang — how do we
observe it?



The cosmic
microwave
background —
the radiation left
over from the
Big Bang — was

detected by
Penzias &
Wilson 1n 1965
(they won the
Nobel prize in
1978 for this

discovery)




Bob Dicke and his Princeton group — which
iIncluded Dave Wilkinson and Jim Peebles -
were building a radiometer to look for the
relic radiation from the early universe.
Pensias and Wilson had already discovered
it — but they didn’t know what it was!!!

Bernie Burke at MIT (a radio astronomer)
had heard the complaints of Pensias and
Wilson and knew of Dicke’s program. He
suggested that Penzias contact Dicke...
and the rest is history.




relative intensity
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0 1 2 3 4 8
wavelength (mm)
Expansion of universe has redshifted thermal
radiation from that time to ~1000 times longer
wavelength: microwaves
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Cosmic Backgrnund Explnrer

COBE detected the seeds of future structure formation



FIRAS Spectrum of CMB

~ CosmiC MICROWAVE BACKGROUND SPECTRUM FROM COBE

Intensity, 10-4 ergs / cm2 sr sec cm-1
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T=2.728+/-0.004 K

Illlllllllll'l'—!'ll'l'lfllll

o
(3]

e 3 s 1 ¢+ 3 5 L s 3 0 Lt 2t bLaa st ¥ 5 3 3




AT/T ~ 10-5
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WMAP gives us detailed baby pictures of structure in

the universe







EVIDENCE #2: How do the

abundances of elements support
the Big Bang?



Key:

Step 1 Step 2 Step 3
Proton and neutron Two deuterium nuclei  Hydrogen-3 fuses @ neutron
fuse to form a fuse to make with deuterium to
deuterium nucleus. hydrogen-3. create helium-4, ,) proton

J hoton >
i {, o
{ =y '

9

© 2005 Pearson Education, Inc., publishing as Addison Wesley

Protons and neutrons combined to make long-lasting helium
nucler when universe was ~ 3 minutes old



2 neutrons

during
helium
synthesis |

after
helium
synthesis

v
atomic mass = 12 atomic mass =

Big Bang theory prediction: 75% H, 25% He (by mass)

Matches observations of nearly primordial gases
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Mysteries Needing Explanation

» Where does structure come from?

hy 1s the overall distribution of matter so
uniform?

hy 1s the density of the universe so close
to the critical density?



Mysteries Needing Explanation

y Why 1s the overall distribution of matter so
uniform?

» Why is the density of the universe so close
to the critical density?

An early episode of rapid inflation can solve
these problems!



size of ripple before inflation = size of atomic nucleus

size of ripple after inflation = size of solar system

i Y

Inflation can
make all the
structure by
stretching tiny
quantum ripples
to enormous
size

These ripples in
density then
become the
seeds for all
structures



age of universe

A We can see gas at points A
and B before they knew
about each other.

--------------------------------------- 5. Y- - - - - 380,000 yr
L ) \ ) distance
i A
Gas at point A has Gas at point B has
received signals from received signals from
this part of the universe. this part of the universe.

How can microwave temperature be nearly identical on
opposite sides of the sky?



time us

now

380,000 yr | -

103 g

107985

Interactive Figure
distance
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Regions now on opposite side of the sky were close
together before inflation pushed them far apart



Inflation of
universe flattens
overall
geometry like
the inflation of a
balloon, causing
overall density
of matter plus
energy to be
very close to
critical density
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If there 1s no dark matter 1n
the Milky Way Galaxy, what
1s one of the alternative
explanation for the
observations (mentioned in
class) ?

What might be causing the
universe to accelerate?

How long after the Big Bang
was the Planck time, before
which our current theories are
completely unable to describe
conditions in the universe?

I observe a galaxy that 1s 100
million light years away and

moving toward us: what do |
see?

Where do the photons in the
cosmic background radiation
originate?

Approximately how long did
the era of nucleosynthesis
last?

Why can't current theories
describe what happened
during the Planck era?

What is Hubble's law?

How many particles are
required to explain the
hundreds of particles found
today?

Currently, the distribution of
galaxies in the universe
appears to be?
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