The History of The Cosmos
[From The Big-Bang to The Present-Epoch]

Improving The Standard Mlodel Of Cosmology (SMOC)

What are we going to cover ?

—> 1. Present-Epoch Parameters [CMIBR-Constrained vs. CMBR-UnConstrained]
—> 2. The Big Picture [CMBR-Constrained vs. CMBR-UnConstrained]

—> 3. The Primordial Universe = The first 10-21 (s)

——> 4. Cosmological Inflation & Accelerated Expansion = The Cosmic Envelope
—> 5. The Cosmic Acceleration Problem > PDG, US-DoE, FermilLab

——> 6. The Flatness Problem > What Problem ?

—> 7. Presentation Closeout & Appendices [if we have time]

Let’s begin with a brief Overview of The Present-Epoch
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1 SIZE OF THE UNIVERSE

So vast is space Inat jt to find GG
solar system we nust make five

leaps of scale. I the background
image on this sheet we sed'a mere |
sliver of the sky—raughiy one Ber-* &
cent of the dametenof the observ
able,universe—yet éven the smallest

s far a3 we ciifsee with diur ever jmproving {elescopes, thereare g
atleast a hundred billion galaxies arrayed throughout (he
universe. Each, like the Milly Way,is an “island universe”
containing billions of stars. Nearly all galasies are members

of groups or clusters, which are part of even rge striictures called
Allof thesel i conngcted by fila-
“ents o shétts of galaxies, which enclose huge, bubble-likeyolumes of

empty space, the cosmig voids.
The great unifier of the cosmos is gravity. It holds the stars of a galixy).
and the galaxies of a cluster; together. But clusters, groups, and isolated
individual galaxies are all flying away from each ther, a continuing,
afterimath of the big bang, an explosion of spacefitsdlf thf astronomets
believe formed the nniverse 11 to 15 billion years ago..
Ay !
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Séattorsl clumps of dark matter and
Galaxia@appaat s bright colors In
thaimage, which is based on a
supercomputer simulation. Within

this sliver ies our superoluster
right), mapped using the dctuel
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Tombining olidence from misrowave obSers

# structure of the universe from the big bang to,
the present (above]. From the timé that radia-
tion and mattér sepatated—300,000 years or
50 aftor thabig bang—gravity bogan drawing
matterdirst into clumps, then into stars. Per-
#aps a billion years lajer the first galaxies
formed. As clusters ofmatter accumulated,
fhe filament-and-vold structure of today's

Universe unfolded. 3 «
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4 OUR GALACTIC REALM

Until the eafly 20th century the
best guess of astronamers was
that the Milky Way galaxy was to glow.
the entire universe. We now

know that ours is only one of at  glows with

3 THE LOCAL GROUP

least a hundred billion galaxies. der stars.
“The Milky Way is a spiral

galaxy, and our solar system

is located in what is called the

spiral’s Orion arm, about 25,000

light-years from the center. Our jay. Two o

ears 1" One billion years
2 aftorbigbang 4 4

hd fon years.
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«  after big bang
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2 OUR SUPERCLUSTER

Some 150 million light-years
across, our supercluster is a
great aggregation of clusters of
galaxios. Tho supercluster is
centered on the Virga cluster,
which itself contains thousands

galaxies. Among them is M&7,
which astronomers now know
surroundsa gigantic black hole.
Virgo's gravity affocts the move
ment of its neighbors, including
the Local Group,

Virgo, the Ursa.Major cluster,
and other clusters float in our
supercluster, last outposts

o4
called a cosmic void. Not that

the region within our super-
cluster is teeming with galaxies:
Although the supercluster has
a mass equaling somo thousand
trillion suns, virtually all its vol-
ume is empty: Empty, that s,
1 a cortain density.

of dark matter, the hidden mass
of the universe that helps hold
galaxies and clusters together,

Recent observations reveal
that early in the universe's
history galaxies collided and
merged more aften than th
do now. That indicates that they.

larger over billions of years.
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stars’ energy ionizes nearby
parts of the clouds, causing them Groombi

More ancient stars,
orbiting the galaxy in a diffuse
halo, formed more than ten bil
lion years ago. Several satellite
galaxies cluster around the Milky
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thom, the Large and

the Small Magellanic Clouds,

are visible
the Southe

on Earth only from
rn Hemisphere. The

closest galaxy is a small spheroid
called the Sagittarius DwarT.

of gas and dust condense. The

5 OUR SUN’'S NEIGHBORHOOD
‘The stars reaching 20 light-years _Many stars are binary or mul-
in all directions from our sun tiple. Our nearest neighbor

he solar neighbor- s the entauri triple
hood. Each light-year measures  system, 4.3 light-years away.
5.9 trillion miles, yet the neigh.
borhood is a tiny part of the
Milky Way. Most of the stars
shown here are too dim to be and 1/17,000 the brightness of
seen with the naked eye, but the sun.
us and Pro- In recent years astranomers
have discovered evidence of
planets, similar to Jupiter in
mass, orbiting stars. The
closest example is Gl 876.

few, such as Si
cyon—greatly exaggerated
here and each actually two
stars—are beacons in the sky.

In cosmic terms the sun is an
ordinary yellow star, average in
size and temperature. The hot-
test stars glow blue, the coolest
shine red.
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Galaxios stretch in every direction
yond the Milky Way, but gravity

keeps a family of some 30 galaxies,

including our own, loosely bound.

This Lacal Group of galaxies extends
‘some four million light-years across.
Most galaxies in the group are consid-
ered dwarfs, but the fwo largest—our

wn Milky Way and the Andromeda
galaxy—are giant spirals. Andromeda
is at the center of a small subgroup,
‘which includes two elliptical galaxiss,
M32 and NGC 205, where star forma-
tion has ceased. Even though itis more
than two million light-years away from
Earth, the Andromeda galaxy can be
seen readily with the naked eye. With
even a small telescope, its bright bulge
is unmistakable.

Itis possible that astronomers have
group’s smaller
galaxies, which may be hidden behind
dust clouds in the Milky Way.

Al three main types of galaxies are
represented in the Local Group: spirals,
ellipticals, and irregulars. Nevertheless,
the group has relatively fow members,
& hundredth that of some large galaxy
clusters.

‘The galaxios of tho Local Group are
traveling together through space.
Measurements show that the Milky
Way is falling toward Andromeda. No
collision is expected, however: Like
race cars on opposite straightaways,
the two are most likely at opposite
ends of a highly elongated orbit
around the group’s center of mass.

Copyright © 2000 National Geographic Society, Washington, D.C. Repyinted 2008
am

6 OUR SOLAR SYSTEM

Atiny dot on the scale of the uni-
verse, the solar system—our

to's orbit. Sunlight roachos Earth
in about 8 minutes and Jupiter in
43 minutes, but it takes nearly 7
hours to pass the orbit of Pluto.
Beyond Neptune are icy bodies
smaller than planets. These are

Kuiper belt objects, over a
hundred of which have been
observed by telescope. Some
scientists suggest that Pluto is

a Kuiper belt object, rather than
a planot. Spread in a great
sphere around the entire solar
system is the Oort cloud, trillions
of comets, a fow of which make
spectacular visits to the sun.
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The History of The Cosmos
[From The Big-Bang to The Present-Epoch]

Improving The Standard Mlodel Of Cosmology (SMOC)
[Our CMBR-Constrained Methodology] vs [The CMBR-Unconstrained SMoC]

Comparative Overview of The Present-Epoch

Electro-Gravi-Magnetics (EGM) vs. Standard Model of Cosmology (SMoC)

EGM PDG-2022
1 He=67.1181447977434 (km/s/Mpc) H, = 67.4 (km/s/Mpc) —
2 to=14.5685359530647 (Gyr) to = 13.797 (Gyr)
3 Q4 =0.677345709533812 Qa =0.685
4 Q,=0.322654290466188 Q. =0315
5  Q.=0.262875350332401 Q. =0.265
6  Q,=0.059778940133786 Q, = 0.0493
7 Qg =0.000654290466188 Qx =0.0007
CMEBR 2 po= 8.46163851959276 -10:; (kg/m3)3 o = 8.53286_3(-)10'27 (kg3/m3) CMBR
_ pa =5.73145454687219 «107° (gm/cm’)  pp=5.83 «107° (gm/cm’) ,
Constrained 10 n,=410.726847902135 (cm®) n, = 410.73 (cm™) UnConstrained
11 p,=0.260570578238883 (eV/cm’) py, = 0.260 (eV/cm’)
12 1n=7.35787809937048 «10" n=6.14+10"°
13 n,=3.02207807900259 «10” (cm™) n, =2.515+107 (cm™)
14  Q,=5.48958983118303 107 Q,=538.10"
15 Rg=14.5685359530647 (GLyr) ¢/Hy = 14.502 (GLyr)
16  As=6.33200653109817 «10°" (m?) As=6.28 +10°" (m?)
17 Ay =0.789639109726698 +10°° (cm™) A =1.088 +10”° (cm™) .
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4 OUR GALACTIC REALM

Until the eafly 20th century the
best guess of astronamers was
that the Milky Way galaxy was
the entire universe. We now
know that ours is only one of at
least a hundred billion galaxies.
“The Milky Way is a spiral

galaxy, and our solar system

is located in what is called the
spiral’s Orion arm, about 25,000
light-years from the center. Our
sun orbits the galactic center
about once every 225 million

energy ionizes nearby
parts of the clouds, causing them
to glow.

The central bulge of the galaxy
glows with the light of older, red:
der stars. More ancient stars,
orbiting the galaxy in a diffuse
halo, formed more than ten bil
lion years ago. Several satellite
galaxies cluster around the Milky

/ay. Two of thom, the Large and
the Small Magellanic Clouds,
are visible on Earth only from
vears and has made the circuit the Southern Hemisphere. The
about 20 times. In the spiral closest galaxy is a small spheroid
arms, new stars form as clouds called the Sagittarius DwarT.
of gas and dust condense. The

3 THE LOCAL GROUP

Galaxios stretch in every direction
yond the Milky Way, but gravity

keeps a family of some 30 galaxies,

including our own, loosely bound.

This Lacal Group of galaxies extends
‘some four million light-years across.
Most galaxies in the group are consid-
ered dwarfs, but the fwo largest—our

wn Milky Way and the Andromeda
galaxy—are giant spirals. Andromeda
is at the center of a small subgroup,
‘which includes two elliptical galaxiss,
M32 and NGC 205, where star forma-
tion has ceased. Even though itis more
than two million light-years away from
Earth, the Andromeda galaxy can be
seen readily with the naked eye. With
even a small telescope, its bright bulge
is unmistakable.

Itis possible that astronomers have
group’s smaller
galaxies, which may be hidden behind
dust clouds in the Milky Way.

Al three main types of galaxies are
represented in the Local Group: spirals,
ellipticals, and irregulars. Nevertheless,
the group has relatively fow members,
& hundredth that of some large galaxy
clusters.

‘The galaxios of tho Local Group are
traveling together through space.
Measurements show that the Milky
Way is falling toward Andromeda. No
collision is expected, however: Like
race cars on opposite straightaways,
the two are most likely at opposite

6 OUR SOLAR SYSTEM

Atiny dot on the scale of the uni-
verse, the solar system—our

Kuiper belt objects, over a
hundred of which have been
observed by telescopo. Soms
sciontists suggest that Pluto is
aKuiper belt object, rather than
t0's orbit Sunlight roachos Earth planot. Sproad in a groat
in about 8 minutes and Jupiterin  sphero around the enfire solar
43 minutes, but it takes nearly 7 system s the Oort oloud, trillions
onds of a highly elongated orbit hours to pass the orbit of Pluto.  of comts, @ fow of which make.
around the group’s center of mass. Bayond Neptune are icy bodies  spectacular visits to the sun
smaller than plansts. These are

Copyright © 2000 National Geographic Society, Washington, D.C. Repyinted 2008
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2 OUR SUPERCLUSTER

Some 150 million light-years
across, our supercluster is a
great aggregation of clusters of
galaxios. Tho supercluster is
centered on the Virga cluster,
which itself contains thousands

galaxies. Among them is M&7,
which astronomers now know
surroundsa gigantic black hole.
Virgo's gravity affocts the move
ment of its neighbors, including
the Local Group,

Virgo, the Ursa.Major cluster,
and other clusters float in our
supercluster, last outposts

called a cosmic void. Not that

the region within our super-
cluster is teeming with galaxies:
Although the supercluster has
a mass equaling somo thousand
trillion suns, virtually all its vol-
ume is empty: Empty, that s,
1 a cortain density.

of dark matter, the hidden mass
of the universe that helps hold
galaxies and clusters together,

Recent observations reveal
that early in the universe's
history galaxies collided and
merged more aften than th
do now. That indicates that they.

larger over billions of years.
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Lot A Milky Way. Most of the sters
Iajpha Certiy shown here are too dim to be
o seen with the naked ey, but the sun.
few, such as Sirius and Pro- In recent years astranomers
cyon—greatly exaggerated have discovered evidence of
here and each actually two planets, similar to Jupiter in
. stars—are beacons in the sky. mass, arbiting sters. The
In cosmic terms the sun isan  closest example is G1 876
ordinary yellow star, average in
size and temperature. The hot-
test stars glow biue, the coolest
shine red.
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atleast a hundred billion gala yed throughout the
universe. Each, like the Milly Way,is an “island universe”
containing billions of stars. Nearly all galasies are members

of groups or clusters, which are part of even rge striictures called
Allof thesel i conngcted by fila-
“ents o shétts of galaxies, which enclose huge, bubble-likeyolumes of

s ar

empty space, the cosmig voids.
The great unifier of the cosmos is gravity. It holds the stars of a galixy).
and the galaxies of a cluster; together. But clusters, groups, and isolated
individual galaxies are all flying away from each ther, a continuing,
afterimath of the big bang, an explosion of spacefitsdlf thf astronomets
believe formed the nniverse 11 to 15 billion years ago..
Ay !

[ T ———
Séattorsl clumps of dark matter and
Galaxia@appaat s bright colors In
thaimage, which is based on a
supercomputer simulation. Within

this sliver lies our superoluster Y o |
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2 OUR SUPERCLUSTER

Some 150 million light-years
across, our supercluster is a
great aggregation of clusters of
galaxios. Tho supercluster is
centered on the Virga cluster,
which itself contains thousands

galaxies. Among them is M&7,
which astronomers now know
surroundsa gigantic black hole.
Virgo's gravity affocts the move
ment of its neighbors, including
the Local Group,

Virgo, the Ursa.Major cluster,
and other clusters float in our
supercluster, last outposts

trillion s

galaxies
that earl
merged

do now.

called a cosmic void. Not that

the region within our super-
cluster is teeming with galaxies:
Although the supercluster has

a mass equaling somo thousand

uns, virtually all its vol-

ume is empty: Empty, that s,

1 a cortain density.

of dark matter, the hidden mass
of the universe that helps hold

and clustors togthor.

Recent observations reveal

 in the universe's

history galaxies collided and

more aften than th
That indicates that they

larger over billions of years.
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4 OUR GALACTIC REALM

Until the eafly 20th century the
best guess of astronamers was
that the Milky Way galaxy was
the entire universe. We now
know that ours is only one of at

stars’ energy ionizes nearby
parts of the clouds, causing them
to glow.

The central bulge of the galaxy
glows with the light of older, red:

3 THE LOCAL GROUP

Galaxios stretch in every direction
yond the Milky Way, but gravity
keeps a family of some 30 galaxies,
including our own, loosely bound.
This Lacal Group of galaxies extends
‘some four million light-years across.
Most galaxies in the group are consid-
ered dwarfs, but the fwo largest—our

Itis possible that astronomers have
group’s smaller
galaxies, which may be hidden behind
dust clouds in the Milky Way.

Al three main types of galaxies are
represented in the Local Group: spirals,
ellipticals, and irregulars. Nevertheless,
the group has relatively fow members,

der stars. More ancient stars,
orbiting the galaxy in a diffuse
halo, formed more than ten bil
lion years ago. Several satellite
galaxies cluster around the Milky
/ay. Two of thom, the Large and
the Small Magellanic Clouds,
are visible on Earth only from
the Southern Hemisphere. The
closest galaxy is a small spheroid
called the Sagittarius DwarT.

least a hundred billion galaxies.
“The Milky Way is a spiral

galaxy, and our solar system

is located in what is called the

spiral’s Orion arm, about 25,000

light-years from the center. Our

of gas and dust condense. The

6 OUR SOLAR SYSTEM

& hundredth that of some large galaxy
clusters.

‘The galaxios of tho Local Group are
traveling together through space.
Measurements show that the Milky
Way is falling toward Andromeda. No
collision is expected, however: Like
race cars on opposite straightaways,
the two are most likely at opposite
ends of a highly elongated orbit
around the group’s center of mass.

wn Milky Way and the Andromeda
galaxy—are giant spirals. Andromeda
is at the center of a small subgroup,
‘which includes two elliptical galaxiss,
M32 and NGC 205, where star forma-
tion has ceased. Even though itis more
than two million light-years away from
Earth, the Andromeda galaxy can be
seen readily with the naked eye. With
even a small telescope, its bright bulge
is unmistakable.

Copyright © 2000 National Geographic Society, Washington, D.C. Repyinted 2008
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Kuiper belt objects, over a
hundred of which have been
observed by telescope. Some
scientists suggest that Pluto is

a Kuiper belt object, rather than
a planot. Spread in a great
sphere around the entire solar
system is the Oort cloud, trillions
of comets, a fow of which make
spectacular visits to the sun.

Atiny dot on the scale of the uni-
verse, the solar system—our

to's orbit. Sunlight roachos Earth
in about 8 minutes and Jupiter in
43 minutes, but it takes nearly 7
hours to pass the orbit of Pluto.
Beyond Neptune are icy bodies
smaller than planets. These are

5 OUR SUN’'S NEIGHBORHOOD

Many stars are binary or mul-
tiple. Our nearest neighbor
s the entauri triple
system, 4.3 light-years away.

0800
Loendc| || armns Thesrs raching 20 gt yeors
4 o 628 in all directions from our sun
Py make up the solar neighbor-
hood. Each light year measures
B 59 trillion miles, yet the neigh
borhood is  tiny part of the
Milky Way. Most of the stars
shown here are too dim to be
saon with the naked oye, but  the sun
fus and Pro- [y ——
have discovered evidence of
planats, similr to Jupitor in
Tass, arbiting stars The
closest example is GI 876
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n cosmic terms the sun is an
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size and temperature. The hot-
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Magnitude of Hubble Con. vs. Cosm. Age
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Av. Cosmological Temperature vs. Age
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v # structure of the universe from the big bang to,
the present (above]. From the timé that radia-
tion and mattér sepatated—300,000 years or
50 aftor thabig bang—gravity bogan drawing
matterdirst into clumps, then into stars. Per-
#aps a billion years lajer the first galaxies
formed. As clusters ofmatter accumulated,
fhe filament-and-vold structure of today's

Universe unfolded. 3 «
e

s far as we canisee with dur ever improving felescopes, thereare g
atleast a hundred billion gala yed throughout the
universe. Each, like the Milky Way, is an “island universe”

s ar
containing billions of stars. Nearly all galaxies are members
of groups or clusters, which are part of even ldrger strictures called
All of thesel i
Tents or shéets of galaxies, which enclose huge, bubble-likeyolumes of
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empty space, the cosmig voids.
The great unifier of the cosmos is gravity. It holds the stars of a galixy).
and the galaxies of a cluster; together. But clusters, groups, and isolated
individual galaxies are all flying away from each ther, a continuing,
afterimath of the big bang, an explosion of spacefitsdlf thf astronomets

1 SIZE OF THE UNIVERSE

So vast is space that st to find G b0BBest congregations of galaxies.
solar system we must make five Séattorell clumps of dark matter and
Ieaps of scale. In the background _ galaxies'appear as bright colors in
image on this sheet we seda mere | _ thaimage, which is based on a
alver of the sky—_raughiy one Sor-® 4 supercomputer sirpulation. Within
cont of the diametariof the obsarv:  this sliver ies our superoluster y B ¢ i | \r
able,universe—yet éven the smallest * _ weg s |
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4 OUR GALACTIC REALM

Until the eafly 20th century the
bestguess of ast s
that the Milky Way galaxy was
the entire universe. We now
know that ours is only one of at
least a hundred billion galaxies.
“The Milky Way is a spiral

galaxy, and our solar system

is located in what is called the
spiral’s Orion arm, about 25,000
light-years from the center. Our

stars’ energy ionizes nearby
parts of the clouds, causing them
to glow.

The central bulge of the galaxy
glows with the light of older, red:
der stars. More ancient stars,
orbiting the galaxy in a diffuse
halo, formed more than ten bil
lion years ago. Several satellite
galaxies cluster around the Milky

/ay. Two of thom, the Large and
the Small Magellanic Clouds,
are visible on Earth only from
the Southern Hemisphere. The
closest galaxy is a small spheroid
called the Sagittarius DwarT.

of gas and dust condense. The

3 THE LOCAL GROUP

Galaxios stretch in every direction
yond the Milky Way, but gravity

keeps a family of some 30 galaxies,

including our own, loosely bound.

This Lacal Group of galaxies extends
‘some four million light-years across.
Most galaxies in the group are consid-
ered dwarfs, but the fwo largest—our

wn Milky Way and the Andromeda
galaxy—are giant spirals. Andromeda
is at the center of a small subgroup,
‘which includes two elliptical galaxiss,
M32 and NGC 205, where star forma-
tion has ceased. Even though itis more
than two million light-years away from
Earth, the Andromeda galaxy can be
seen readily with the naked eye. With
even a small telescope, its bright bulge
is unmistakable.

Milky Way

I ——— i
group’s smaller —

galaxis, which may be hidden behind 5
dust clouds n the Milky Way. s -

‘Al three main types of galaxies are e Ursatinor /><
represented in the Local Groups spirals,
alipticals, and irregulars. Novertholess,
the group has relatively fow mombers,
a hundredth that of some large galaxy
clusters

Tho galaxics of tho Local Group aro
traveling together through space.
Messurements show that the Milky
Way s falling toward Andromoda. No
collsion is expected, however: Like
race cars on opposite straightaways,
the two are most likely at opposite
ends of a highly elongsted orbit
around the group’s center of mass.

6 OUR SOLAR SYSTEM

Atiny dot on the scale of the uni-
verse, the solar system—our

Kuiper belt objects, over a
hundred of which have been
observed by telescope. Some
scientists suggest that Pluto is

a Kuiper belt object, rather than
a planot. Spread in a great
sphere around the entire solar
system is the Oort cloud, trillions
of comets, a fow of which make
spectacular visits to the sun.

to's orbit. Sunlight roachos Earth
in about 8 minutes and Jupiter in
43 minutes, but it takes nearly 7
hours to pass the orbit of Pluto.
Beyond Neptune are icy bodies
smaller than planets. These are

Copyright © 2000 National Geographic Society, Washington, D.C. Repyinted 2008
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2 OUR SUPERCLUSTER

Some 150 million light-years
across, our supercluster is a
great aggregation of clusters of
galaxios. Tho supercluster is
centered on the Virga cluster,
which itself contains thousands

galaxies. Among them is M&7,
which astronomers now know
surroundsa gigantic black hole.
Virgo's gravity affocts the move
ment of its neighbors, including
the Local Group,

Virgo, the Ursa.Major cluster,
and other clusters float in our
supercluster, last outposts

the region within our super-
cluster is teeming with galaxies:
Although the supercluster has
a mass equaling somo thousand
trillion suns, virtually all its vol-
ume is empty: Empty, that s,
1 a cortain density.

of dark matter, the hidden mass
of the universe that helps hold
galaxies and clusters together,

Recent observations reveal
that early in the universe's
history galaxies collided and
merged more aften than th
do now. That indicates that they.

called a cosmic void. Not that larger over billions of years.

5 OUR SUN’'S NEIGHBORHOOD

Many stars are binary or mul-
tiple. Our nearest neighbor

s the entauri triple
system, 4.3 light-years away.

asABe
Lbansc| o | omene Th stars ceshing 20 gt yaars
4 o 628 in all directions from our sun
Py make up the solar neighbor-
hood. Each light year measures
B 59 trillion miles, yet the neigh
b oine | e Borhood is  tiny pert of the
Tk Milky Way. Most of the stars
agpha Contey shown here are too dim to be
o saon with the naked oye, but  the sun
fus and Pro- [y ——
have discovered evidence of
planats, similr to Jupitor in
Tass, arbiting stars The
closest example is GI 876
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few, such as Si
cyon—greatly exaggerated
here and each actually two

. stars—are beacons in the sky.

In cosmic terms the sun is an

ordinary yellow star, average in

size and temperature. The hot-

test stars glow blue, the coolest

shine red.
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Cosmological Parameters vs. Cos. Age
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Tombining olidence from misrowave obSers

v # structure of the universe from the big bang to,
the present (above]. From the timé that radia-
tion and mattér sepatated—300,000 years or
50 aftor thabig bang—gravity bogan drawing
matterdirst into clumps, then into stars. Per-
#aps a billion years lajer the first galaxies
formed. As clusters ofmatter accumulated,
fhe filament-and-vold structure of today's

Universe unfolded. 3 «
e

s far a3 we ciifsee with diur ever jmproving {elescopes, thereare g
atleast a hundred billion galaxies arrayed throughout (he
universe. Each, like the Milly Way,is an “island universe”
containing billions of stars. Nearly all galasies are members

of groups or clusters, which are part of even rge striictures called
Allof thesel i conngcted by fila-
“ents o shétts of galaxies, which enclose huge, bubble-likeyolumes of
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empty space, the cosmig voids.

The great unifier of the cosmos is gravity. It holds the stars of a galixy).
and the galaxies of a cluster; together. But clusters, groups, and isolated
individual galaxies are all flying away from each ther, a continuing,
afterimath of the big bang, an explosion of spacefitsdlf thf astronomets
believe formed the nniverse 11 to 15 billion years ago..

| %

1 SIZE OF THE UNIVERSE

So vast is space that st to find G b0BBest congregations of galaxies.
solar system we must make five Séattorell clumps of dark matter and
Ieaps of scale. In the background _ galaxies'appear as bright colors in
image on this sheet we seda mere | _ thaimage, which is based on a
alver of the sky—_raughiy one Sor-® 4 supercomputer sirpulation. Within
Gent of the diameteraf the observ:  this slivr liss our superoluster
able,universe—yet éven the smallest*, right), mapped using the actual
dotssepresent not stars or galaxies positions of its celestial elements.
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2 OUR SUPERCLUSTER

Some 150 million light-years
across, our supercluster is a
great aggregation of clusters of
galaxios. Tho supercluster is
centered on the Virga cluster,
which itself contains thousands

galaxies. Among them is M&7,
which astronomers now know
surroundsa gigantic black hole.
Virgo's gravity affocts the move
ment of its neighbors, including
the Local Group,

Virgo, the Ursa.Major cluster,
and other clusters float in our
supercluster, last outposts

the region within our super-
cluster is teeming with galaxies:
Although the supercluster has.
2 mass equaling some thousand
trillion suns, virtually all its vol-
ume is empty. Empy, thatis,
v a certain density

of dark matter, the hidden mass
of the universe tht helps hold
galaxios and clusters togother.

Recent observations reveal
that early in the universe's
history galaxios collided and
ac st T Tcre oren thn
| do now, That indicates that they
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4 OUR GALACTIC REALM

Until the eafly 20th century the
best guess of astronamers was
that the Milky Way galaxy was
the entire universe. We now

shown here are too dim to be and 1/17,000 the brightness of
seen with the naked eye, but the sun.

us and Pro- In recent years astranomers
have discovered evidence of
planets, similar to Jupiter in
mass, orbiting stars. The
closest example is Gl 876.

stars' energy fonizes nearby Layon's et
parts of the clouds, causing them Groombe
to glow. i a few, such as Si
The central bulge of the galaxy cyon—greatly exaggerated
know that ours is only one of at  glows with the light of older, rec here and each actually two
least a hundred billion galaxies. der stars. More ancient stars, . stare—are beacons in the sky.
The Milky Way is a spiral orbiting the galaxy in a diffuse In Gosmic terms the sun is an
galaxy, and our solar system halo, formed more than ten bil ordinary yellow star, average in
is located in what s called the lion years ago. Several satellite size and temperature. The hot-
spiral’s Orion arm, about 25,000 galaxies cluster around the Milky tost stars glow blue, the coolest
lightyears from the center. Our /ay. Two of them, the Large and Shine'red.
the Small Magellanic Clouds,
are visible on Earth only from
the Southern Hemisphere. The
closest galaxy s a small spheroid
called the Sagittarius Dwarf.
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Galaxios stretch in every direction
yond the Milky Way, but gravity

keeps a family of some 30 galaxies,

including our own, loosely bound.

This Lacal Group of galaxies extends
‘some four million light-years across.
Most galaxies in the group are consid-
ered dwarfs, but the fwo largest—our

wn Milky Way and the Andromeda
galaxy—are giant spirals. Andromeda
is at the center of a small subgroup,
‘which includes two elliptical galaxiss,
M32 and NGC 205, where star forma-
tion has ceased. Even though itis more
than two million light-years away from
Earth, the Andromeda galaxy can be
seen readily with the naked eye. With
even a small telescope, its bright bulge
is unmistakable.

Itis possible that astronomers have
group’s smaller
galaxies, which may be hidden behind
dust clouds in the Milky Way.

Al three main types of galaxies are
represented in the Local Group: spirals,
ellipticals, and irregulars. Nevertheless,
the group has relatively fow members,
& hundredth that of some large galaxy
clusters.

‘The galaxios of tho Local Group are
traveling together through space.
Measurements show that the Milky
Way is falling toward Andromeda. No
collision is expected, however: Like
race cars on opposite straightaways,
the two are most likely at opposite
ends of a highly elongated orbit
around the group’s center of mass.

Copyright © 2000 National Geographic Society, Washington, D.C. Repyinted 2008
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6 OUR SOLAR SYSTEM

Atiny dot on the scale of the uni-
verse, the solar system—our

to's orbit. Sunlight roachos Earth
in about 8 minutes and Jupiter in
43 minutes, but it takes nearly 7
hours to pass the orbit of Pluto.
Beyond Neptune are icy bodies
smaller than planets. These are

sy ot 1

Kuiper belt objects, over a
hundred of which have been
observed by telescope. Some
scientists suggest that Pluto is

a Kuiper belt object, rather than
a planot. Spread in a great
sphere around the entire solar
system is the Oort cloud, trillions
of comets, a fow of which make

spectacular visits to the sun. Planetary lignmen, January 1, 2000

1 1:800:96276453 or wite o National Geograpkio Mans, PO Box 4357, Everreen. CO B0437-4357.
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The Cosmic Acceleration Problem
When did it start ?

—
* 3" Event (Maximum Cosmological Temperature)
. H =0 (km/s/Mpc)
. A =-1.18624205780952 +10* (cm™) .
, : -
*  t,=2.20630341057726 +107 (s) Storti Solution
¢ Tu..=3.19549736932411 10" (K) CMBR
<___ Actual Cosmological Acceleration Commences > C"S';si:'r:::)“:d
—
« G3" Event (A @
. Yooty = 7.28426797653236 (Gyr) Particle Data Group (PDG) ~ 7.7 (Gyr)

. T=3.98569741894682 (K)
. Event (Dark Energy Density Parameter = Deceleration Parameter) —>

*  A=0.650672352266949 <10 (cm ")
. ta = 8.45941813429917 (Gyr)  US Department of Energy (US-DoE) ~ 9 (Gyr) = Problem

° T=3.67189222792196 (K) CMBR

« 10" Event (q=0 UnConstrained
. =10.880880602181968 «10~° (cm™)  Solutions
o t, = 9.63456829206598 (Gyr) Frieman et. al. [FermilLab] ~ 10 (Gyr)

o T=3.41912708997334 (K)

J



CMBR

Com The Cosmic Acceleration Problem
Solution
When did it start ?

It started at [t,= 10-42(s)] > During Cosmic Inflation !

Ist Derivative of the Hubble Constant
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EVOLUTION OF THE UNIVERSE
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Tombining olidence from misrowave obSers

v # structure of the universe from the big bang to,
the present (above]. From the timé that radia-
tion and mattér sepatated—300,000 years or
50 aftor thabig bang—gravity bogan drawing
matterdirst into clumps, then into stars. Per-
#aps a billion years lajer the first galaxies
formed. As clusters ofmatter accumulated,
fhe filament-and-vold structure of today's

Universe unfolded. 3

s far a3 we ciifsee with diur ever jmproving {elescopes, thereare g
atleast a hundred billion gala yed throughout the
universe. Each, like the Milly Way,is an “island universe”
containing billions of stars. Nearly all galasies are members

s ar
of groups or clusters, which are part of even ldrger strictures called

All of these ] conngcted by fila-
‘Tents or shéets of galaxies, which enclose huge, bubble-like yolumes of

NATIONAL _
GEOGRAPHIC

empty space, the cosmig voids.
The great unifier of the cosmos is gravity. It holds the stars of a galixy).
and the galaxies of a cluster; together. But clusters, groups, and isolated
individual galaxies are all flying away from each ther, a continuing,
afterimath of the big bang, an explosion of spacefitsdlf thf astronomets
believe formed the nniverse 11 to 15 billion years ago..
Ay !

1 SIZE OF THE UNIVERSE

So vast is space that st to find G b0BBest congregations of galaxies.
solar system we must make five Séattorell clumps of dark matter and
Ieaps of scale. In the background _ galaxies'appear as bright colors in
image on this sheet we seda mere | _ thaimage, which is based on a
alver of the sky—_raughiy one Sor-® 4 supercomputer sirpulation. Within
Gent of the diameteraf the observ:  this slivr liss our superoluster
able,universe—yet éven the smallest*, right), mapped using the actual
dotssepresent not stars or galaxies positions of its celestial elements.
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4 OUR GALACTIC REALM

Until the eafly 20th century the
best guess of astronamers was
that the Milky Way galaxy was
the entire universe. We now
know that ours is only one of at

stars’ energy ionizes nearby
parts of the clouds, causing them
to glow.

The central bulge of the galaxy
glows with the light of older, red:

3 THE LOCAL GROUP

Galaxios stretch in every direction
yond the Milky Way, but gravity
keeps a family of some 30 galaxies,
including our own, loosely bound.
This Lacal Group of galaxies extends
‘some four million light-years across.
Most galaxies in the group are consid-
ered dwarfs, but the fwo largest—our

Itis possible that astronomers have
group’s smaller
galaxies, which may be hidden behind
dust clouds in the Milky Way.

Al three main types of galaxies are
represented in the Local Group: spirals,
ellipticals, and irregulars. Nevertheless,
the group has relatively fow members,

der stars. More ancient stars,
orbiting the galaxy in a diffuse
halo, formed more than ten bil
lion years ago. Several satellite
galaxies cluster around the Milky
/ay. Two of thom, the Large and
the Small Magellanic Clouds,
are visible on Earth only from
vears and has made the circuit the Southern Hemisphere. The
about 20 times. In the spiral closest galaxy is a small spheroid
arms, new stars form as clouds called the Sagittarius DwarT.
of gas and dust condense. The

least a hundred billion galaxies.
“The Milky Way is a spiral

galaxy, and our solar system

is located in what is called the
spiral’s Orion arm, about 25,000
light-years from the center. Our
sun orbits the galactic center
about once every 225 million

6 OUR SOLAR SYSTEM

& hundredth that of some large galaxy
clusters.

‘The galaxios of tho Local Group are
traveling together through space.
Measurements show that the Milky
Way is falling toward Andromeda. No
collision is expected, however: Like
race cars on opposite straightaways,
the two are most likely at opposite
ends of a highly elongated orbit
around the group’s center of mass.

wn Milky Way and the Andromeda
galaxy—are giant spirals. Andromeda
is at the center of a small subgroup,
‘which includes two elliptical galaxiss,
M32 and NGC 205, where star forma-
tion has ceased. Even though itis more
than two million light-years away from
Earth, the Andromeda galaxy can be
seen readily with the naked eye. With
even a small telescope, its bright bulge
is unmistakable.

Copyright © 2000 National Geographic Society, Washington, D.C. Repyinted 2008
am

Kuiper belt objects, over a
hundred of which have been
observed by telescope. Some
scientists suggest that Pluto is

a Kuiper belt object, rather than
a planot. Spread in a great
sphere around the entire solar
system is the Oort cloud, trillions
of comets, a fow of which make
spectacular visits to the sun.

Atiny dot on the scale of the uni-
verse, the solar system—our

to's orbit. Sunlight roachos Earth
in about 8 minutes and Jupiter in
43 minutes, but it takes nearly 7
hours to pass the orbit of Pluto.
Beyond Neptune are icy bodies
smaller than planets. These are

Five billion years.
«  after big bang
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2 OUR SUPERCLUSTER

Some 150 million light-years
across, our supercluster is a
great aggregation of clusters of
galaxios. Tho supercluster is
centered on the Virga cluster,
which itself contains thousands

galaxies. Among them is M&7,
which astronomers now know
surroundsa gigantic black hole.
Virgo's gravity affocts the move
ment of its neighbors, including
the Local Group,

Virgo, the Ursa.Major cluster,
and other clusters float in our
supercluster, last outposts

the region within our super-
cluster is teeming with galaxies:
Although the supercluster has
a mass equaling somo thousand
trillion suns, virtually all its vol-
ume is empty: Empty, that s,
1 a cortain density.

of dark matter, the hidden mass
of the universe that helps hold
galaxies and clusters together,

Recent observations reveal
that early in the universe's
history galaxies collided and
merged more aften than th
do now. That indicates that they.

called a cosmic void. Not that larger over billions of years.

5 OUR SUN’'S NEIGHBORHOOD

Many stars are binary or mul-
tiple. Our nearest neighbor

s the entauri triple
system, 4.3 light-years away.
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B 59 trillion miles, yet the neigh
b oine | e Borhood is  tiny pert of the
Tk Milky Way. Most of the stars
agpha Contey shown here are too dim to be
o saon with the naked oye, but  the sun
fus and Pro- [y ——
have discovered evidence of
planats, similr to Jupitor in
Tass, arbiting stars The
closest example is GI 876
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The Flatness Problem
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5 OUR SUN’'S NEIGHBORHOOD

" o .
RIS - The stars reaching 20 light.years  Many stars are binary of mul-
g L LTS make up the solar neighbor- i the Alpha Centauri triple
- peial A ' hood. Each light-year measures system, 4.3 light-years away.
Eta Cassiope: proxina 5.9 trillion miles, yet the neigh:
4 OUR GALACTIC REALM procyon A B, ‘ Solar | Centoir b aminls . . borhood fs 8 tiny part of the
. o systel Centai A Milky Way. Most of the stars
U o ehe [F s e ety Loyton's S dolsen oW Iatpha 3 shown here are too dim to be and 1/17,000 the brightness of
best guess of astronomers was parts of the clouds, causing them Groombrida o seen with the naked eye, but the sun.
thatthe iy Wey galexy was to glow: ) = Tow,such s Sirias e Pro- I recent years astronomers
the entire universe. We now The central bulge of the galaxy cyon—greatly exaggerated have discovered evidence of
‘krmv‘v '?;‘m r;ur::‘ TIV ;‘"" of at g‘ﬁW: WW?A""‘ light 0"D“ﬂﬂh red- . s here and each actually two planets, similar to Jupiter in
least 2 hundred billion galaxies or stars. More ancient stars, . L . stars—are beacons inthe sky.  mass, orbiting stars. The
o orbiting the galaxy in a diffuse b\ 7 Aquari A8 0 . In cosmic terms the sunisan  closest example is Gl 876.
galaxy, and our solar systorn alo, formed mora than ton bi T R— ordinary yellow star, avorage in
s located in what s called the lion years sgo. Seversl satellite oo S ] e | @eiontt e brisod trhtudihenipeindy
spiral’s Orion arm, about 25,000 galaxies cluster around the Milky > ", test stars glow blue, the coolest
light-years from the center. Our Jay. Two of them, the Large and 2c 76— shine red.
the Small Magellanic Clouds,
are visible on Earth only from
the Southern Hemisphere. The
closast galaxy is a small spheroid
called the Sagittarius Dwar. —
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of gas and dust condense. The

Galaxios stretch in every direction Itis possible that astronomers have -«
yond the Milky Way, but gravity not found some of our group’s smaller
keeps a family of some 30 galaxies, galaxies, which may be hidden behind
including our own, loosely bound. dust clouds in the Milky Way. o
This Local Group of galaxics extends Al three main types of galaxies are . bston 1
some four million light-years across. represented in the Local Group: spirals, L ke s by
Most galaxies in the group are consid- ellipticals, and irregulars. Nevertheless, .
ered dwarfs, but the two largest—our  the group has relatively fow members,
wn Milky Way and the Andromeda a hundredth that of some large galaxy GIOURISOLARISYSTEM
galaxy—are giant spirals. Andromeda  clusters
is at the conter of a small subgroup, The galaxies of the Local Group are
‘which includes two elliptical galaxies,  traveling together through space.
M32 and NGC 205, where star forma-  Measurements show that the Milky
tion has ceased. Even though itis more Wy is falling toward Andromeda. No
than two million light-years away from  collision is expected, however: Like
Earth, the Andromeda galaxy can be race cars on opposite straightaways, In about B minst and Jusern  shhors crou o SUE
soen readily with the naked eye. With  the two aro most likely at opposite 43 minutes, but it takes nearly 7 system is the Oort cloud, trillions
even a small telescope, its bright bulge  ends of a highly elongated orbit hours to pass the arbit of Pluto. of comets, a few of which make:
is unmistakable. around the group’s center of mass. Boyond Noptune ars iy bottes  spectacuir vishid i LEHINN Planetsey lignment, January 1, 2000
smaller than planets. These are

Atiny dot on the scale of the uni-  Kuiper belt objects, over
verse, the solar system—our hundred of which have been
observed by telescope. Some
scientists suggest that Pluto is
a Kuiper belt object, rather than
to's orbit. Sunlight roachos Earth  a planot. Spread in a great
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The History of The Cosmos
[From The Big-Bang to The Present-Epoch]

Improving The Standard Mlodel Of Cosmology (SMOC)

What CMBR-Constrained Interpretation of the SMoC have we established so far ?

Events encapsulated by
Cosmological Inflation

Significant Conclusions

1.

=

2.
3.

Cosmological Inflation [Start]: t=0
Cold Big-Bang [T = 0]: t = 10-43 (s)
Maximum Cosmological Temperature [T,, ]: t = 1042 (s)

Cosmological Acceleration [Start]: t = 10-42 (s)

Maximum Hubble Constant [H,,_ ]: t = 10-42 (s)

. Cosmological Inflation [End]: t = 10-23 (s)
. Cosmological Acceleration Problem = Resolved

. Flatness Problem = Does Not Exist [The Universe is Open]



The History of The Cosmos
[From The Big-Bang to The Present-Epoch]

Improving The Standard Mlodel Of Cosmology (SMOC)

Governing Equations

3 1 .
A(t) = m (1 — EQZ (t)) Cosmological Constant (1)
1
=1 -~ k [
QA (t) 1 » QZ(t) Dark Energy Density Parameter (2)
-QM (t) = QmQZ (t) Pressureless Matter Parameter (3)
q(t) = lﬂz(t)(ﬂm +1)—1 Deceleration Parameter  (4)
2
@ = (t+tt:,p)3 te EGM Total Density Parameter (5)
3Mop . .
pm(t) = 3 Cosmological Mass Density (6
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Mathematical Constants s

Physical Constants ===

Supporting Equations

Cosmological Mass (7otal) [14]: [pg. 7]
3 71
Mo =4.66692747982406 <10 (M )

_ C
® ™ 2GHe

1* EGM Constant (assigned value)
U= Vs

2™ EGM Constant [15]: [pg. 327-328]
Ay = 4\/3—?1 M = 2.69870895208366

Big-Bang Hubble Constant [15]: [pg. 343-344]

H, =<2 =2 H,=846087689814736 +10°" (km/s/Mpc)

T Ak ta
Cosmological Time Constant [14]: [pg. 58]

3/ 1 23
to, = TR to, = 3.93967424292145 <107 (s)
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Thanks for watching this presentation !

This Research Article:
e https://www.researchgate.net/publication/
363860392 The History of The Cosmos From The Big-Bang to The Present-Epoch

Solution Algorithm (Calculations & Mathematical Model for this Research Article):
e https://www.researchgate.net/publication/

345236498 Quinta Essentia Part 52 History of The Cosmos Solution Algorithm

Literature Supporting This Research Article (Cosmological Age):
e https://www.hindawi.com/journals/aa/2020/2436965/
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Tombining olidence from misrowave obSers

v # structure of the universe from the big bang to,
the present (above]. From the timé that radia-
tion and mattér sepatated—300,000 years or
50 aftor thabig bang—gravity bogan drawing
matterdirst into clumps, then into stars. Per-
#aps a billion years lajer the first galaxies
formed. As clusters ofmatter accumulated,
fhe filament-and-vold structure of today's

Universe unfolded. 3

s far a3 we ciifsee with diur ever jmproving {elescopes, thereare g
atleast a hundred billion gala yed throughout the
universe. Each, like the Milly Way,is an “island universe”
containing billions of stars. Nearly all galasies are members

s ar
of groups or clusters, which are part of even ldrger strictures called

All of these ] conngcted by fila-
‘Tents or shéets of galaxies, which enclose huge, bubble-like yolumes of
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empty space, the cosmig voids.
The great unifier of the cosmos is gravity. It holds the stars of a galixy).
and the galaxies of a cluster; together. But clusters, groups, and isolated
individual galaxies are all flying away from each ther, a continuing,
afterimath of the big bang, an explosion of spacefitsdlf thf astronomets
believe formed the nniverse 11 to 15 billion years ago..
Ay !

1 SIZE OF THE UNIVERSE

So vast is space that st to find G b0BBest congregations of galaxies.
solar system we must make five Séattorell clumps of dark matter and
Ieaps of scale. In the background _ galaxies'appear as bright colors in
image on this sheet we seda mere | _ thaimage, which is based on a
alver of the sky—_raughiy one Sor-® 4 supercomputer sirpulation. Within
Gent of the diameteraf the observ:  this slivr liss our superoluster
able,universe—yet éven the smallest*, right), mapped using the actual
dotssepresent not stars or galaxies positions of its celestial elements.
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4 OUR GALACTIC REALM

Until the eafly 20th century the
best guess of astronamers was
that the Milky Way galaxy was
the entire universe. We now
know that ours is only one of at

stars’ energy ionizes nearby
parts of the clouds, causing them
to glow.

The central bulge of the galaxy
glows with the light of older, red:

3 THE LOCAL GROUP

Galaxios stretch in every direction
yond the Milky Way, but gravity
keeps a family of some 30 galaxies,
including our own, loosely bound.
This Lacal Group of galaxies extends
‘some four million light-years across.
Most galaxies in the group are consid-
ered dwarfs, but the fwo largest—our

Itis possible that astronomers have
group’s smaller
galaxies, which may be hidden behind
dust clouds in the Milky Way.

Al three main types of galaxies are
represented in the Local Group: spirals,
ellipticals, and irregulars. Nevertheless,
the group has relatively fow members,

der stars. More ancient stars,
orbiting the galaxy in a diffuse
halo, formed more than ten bil
lion years ago. Several satellite
galaxies cluster around the Milky
/ay. Two of thom, the Large and
the Small Magellanic Clouds,
are visible on Earth only from
vears and has made the circuit the Southern Hemisphere. The
about 20 times. In the spiral closest galaxy is a small spheroid
arms, new stars form as clouds called the Sagittarius DwarT.
of gas and dust condense. The

least a hundred billion galaxies.
“The Milky Way is a spiral

galaxy, and our solar system

is located in what is called the
spiral’s Orion arm, about 25,000
light-years from the center. Our
sun orbits the galactic center
about once every 225 million

6 OUR SOLAR SYSTEM

& hundredth that of some large galaxy
clusters.

‘The galaxios of tho Local Group are
traveling together through space.
Measurements show that the Milky
Way is falling toward Andromeda. No
collision is expected, however: Like
race cars on opposite straightaways,
the two are most likely at opposite
ends of a highly elongated orbit
around the group’s center of mass.

wn Milky Way and the Andromeda
galaxy—are giant spirals. Andromeda
is at the center of a small subgroup,
‘which includes two elliptical galaxiss,
M32 and NGC 205, where star forma-
tion has ceased. Even though itis more
than two million light-years away from
Earth, the Andromeda galaxy can be
seen readily with the naked eye. With
even a small telescope, its bright bulge
is unmistakable.

Copyright © 2000 National Geographic Society, Washington, D.C. Repyinted 2008
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Kuiper belt objects, over a
hundred of which have been
observed by telescope. Some
scientists suggest that Pluto is

a Kuiper belt object, rather than
a planot. Spread in a great
sphere around the entire solar
system is the Oort cloud, trillions
of comets, a fow of which make
spectacular visits to the sun.

Atiny dot on the scale of the uni-
verse, the solar system—our

to's orbit. Sunlight roachos Earth
in about 8 minutes and Jupiter in
43 minutes, but it takes nearly 7
hours to pass the orbit of Pluto.
Beyond Neptune are icy bodies
smaller than planets. These are

Five billion years.
«  after big bang

P Rach,
i
75 ion Taheyears

~ 50 million

2 OUR SUPERCLUSTER

Some 150 million light-years
across, our supercluster is a
great aggregation of clusters of
galaxios. Tho supercluster is
centered on the Virga cluster,
which itself contains thousands

galaxies. Among them is M&7,
which astronomers now know
surroundsa gigantic black hole.
Virgo's gravity affocts the move
ment of its neighbors, including
the Local Group,

Virgo, the Ursa.Major cluster,
and other clusters float in our
supercluster, last outposts

the region within our super-
cluster is teeming with galaxies:
Although the supercluster has
a mass equaling somo thousand
trillion suns, virtually all its vol-
ume is empty: Empty, that s,
1 a cortain density.

of dark matter, the hidden mass
of the universe that helps hold
galaxies and clusters together,

Recent observations reveal
that early in the universe's
history galaxies collided and
merged more aften than th
do now. That indicates that they.

called a cosmic void. Not that larger over billions of years.

5 OUR SUN’'S NEIGHBORHOOD

Many stars are binary or mul-
tiple. Our nearest neighbor

s the entauri triple
system, 4.3 light-years away.

0800
Loendc| || armns Thesrs raching 20 gt yeors
4 o 628 in all directions from our sun
Py make up the solar neighbor-
hood. Each light year measures
B 59 trillion miles, yet the neigh
b oine | e Borhood is  tiny pert of the
Tk Milky Way. Most of the stars
agpha Contey shown here are too dim to be
o saon with the naked oye, but  the sun
fus and Pro- [y ——
have discovered evidence of
planats, similr to Jupitor in
Tass, arbiting stars The
closest example is GI 876

e |

¥ wairssd*
B eraioer 20 A8

Qo

Bema
syste!
b A5

. samaras ot
1o Cassidpsia A
procyon A B
Laytons Star and 1/17,000 the brightness of
Groam
few, such a5 Si
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hore and oach actually two
. stars—are beacons n the sky.
n cosmic terms the sun is an
ordinary ysllow star, averago in
size and temperature. The hot-
test stars glow blue,the coolest
shine red
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