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T
h
e
S
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a
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B
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B
a
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W
h
a
t
it
is:

T
heory
that
the
universe
as
w
e
know
it
b
egan
13-14
billion
years

ago.
(L
atest
estim
ate:
13
:80
�

0
:02
billion
years,
from
the
P
lanck

satellite
collab
oration,
2018.)

Initial
state
w
as
a
hot,
dense,
uniform
soup
of
particles
that
�
lled

space
uniform
ly,
and
w
as
expanding
rapidly.

W
h
a
t
it
d
e
scrib
e
s:

H
ow
the
early
un
iverse
expanded
and
co
oled

H
ow
the
light
chem
ical
elem
ents
form
ed

H
ow
the
m
atter
congealed
to
form
stars,
galaxies,
and
clusters
of

galaxies
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W
h
a
t
it
d
o
e
sn
't
d
e
scrib
e
:

W
h
at
cau
sed
th
e
exp
an
sio
n
?
(T
h
e
b
ig
b
an
g
theory
describ
es
only

th
e
a
fte
rm
a
th
o
f
th
e
b
an
g
.)

W
h
ere
d
id
th
e
m
atter
co
m
e
fro
m
?
(T
h
e
th
eory
assum
es
that
a
ll

m
a
tte
r
existed
fro
m
th
e
very
b
eg
in
n
in
g
.)

In
o
th
e
r
w
o
rd
s,
it
sa
y
s
n
o
th
in
g
a
b
o
u
t
w
h
a
t

b
a
n
g
e
d
,
w
h
y
it
b
a
n
g
e
d
,
o
r
w
h
a
t
h
a
p
p
e
n
e
d

b
e
fo
re
it
b
a
n
g
e
d
!
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W
h
a
t
is
I
nfla
tion?

In

ation
is
a
\prequel"
to
the
conventional
big
bang
picture.

In
p
articular,
in

ation
is
a
theory
ab
out
the
bang
of
the
big
bang.

T
hat
is,
in

ation
is
a
p
ossible
answ
er
to
the
question
of
w
hat

prop
elled
the
gigantic
expansion
of
the
big
bang.

In

ation
is
also
a
p
ossible
answ
er
to
the
question
of
w
here
alm
ost

all
of
the
m
atter
cam
e
from
.

In

ation
is
N
O
T
a
theory
of
the
origin
of
the
universe,
but
it
can

explain
how
the
entire
observed
universe
em
erged
from
a
patch

only
10
�

2
8

cm
across,
w
ith
a
m
ass
of
only
a
few
gram
s.

In

ation
explains
the
expansion
by
m
eans
of

G
ra
vita
tio
n
a
l
R
e
p
ulsio
n
.
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T
w
o
M
ira
cle
s
of
Ph
y
sics

D
e�
n
itio
n
:A
\
m
iracle
o
f
p
h
ysics"
is
a
featu
re
o
f
the
law
s
of
physics

w
h
ich

(a)
w
as
n
ever
tau
g
h
t
to
m
e
w
h
en
I
w
as
a
student;
and

(b
)
is
so
far-reach
in
g
in
its
co
n
seq
u
en
ces
th
at
it
can
change
our

p
ictu
re
of
th
e
u
n
iverse.
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M
ira
cle
of
P
h
y
sics
#
1
:

G
ra
vita
tio
na
l
R
e
pulsion

S
ince
the
advent
of
general
relativity,
physicists
have
know
n
that

gravity
can
act
repulsively.

In
G
R
,
pressures
can
create
gravitational
�
elds,
and
negative

pressures
create
repulsive
gravitational
�
elds.

E
instein
used
this
p
ossibility,
in
the
form
of
the
\cosm
ological

constant,"
to
bu
ild
a
static
m
athem
atical
m
o
del
of
the
universe,

w
ith
repulsive
gravity
preventing
its
collapse.

M
o
dern
particle
physics
suggests
that
at
sup
erhigh
energies
there

should
b
e
m
any
states
w
ith
negative
pressures,
creating
repulsive

gravity.
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In


atio
n
pro
p
o
ses
th
at
a
patch
o
frep
u
lsive
g
ravity
m
aterialexisted

in
th
e
early
u
n
iverse
|

for
in


atio
n
at
th
e
grand
uni�
ed
theory

scale
(
�

10
1
6

G
eV
),
th
e
p
atch
n
eed
s
to
b
e
o
nly
as
large
as
10
�

2
8

cm
.
(S
in
ce
an
y
su
ch
p
atch
is
en
larg
ed
fan
tastically
by
in

ation,

th
e
in
itial
d
en
sity
or
pro
b
ab
ility
o
f
su
ch
p
atches
can
b
e
very
low
.)

1
G
eV
�

m
ass
en
erg
y
o
f
a
pro
to
n
.

T
h
e
g
ravitatio
n
al
rep
u
lsio
n
created
by
th
is
m
aterial
w
as
the

d
rivin
g
force
b
ehind
the
big
bang.
T
h
e
repulsion
d
rove
it
into

exp
o
n
en
tial
exp
an
sio
n
,
d
o
u
b
lin
g
in
size
every
10
�

3
7

second
or
so!
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T
he
patch
expan
ded
exp
onentially
by
a
factor
of
at
least
10
2
8

(
�

100
doublings),
but
it
could
have
expanded
m
uch
m
ore.

In

ation
lasted
m
ayb
e
10
�

3
5

second,
and
at
the
end,
the
region

destined
to
b
ecom
e
the
presently
observed
universe
w
as
ab
out
the

size
of
a
m
arble.

T
he
repulsive-gravity
m
aterial
is
unstable,
so
it
decayed
like

a
radioactive
substance,
ending
in

ation.
T
he
decay
released

energy
w
hich
pro
duced
ordinary
particles,
form
ing
a
hot,
dense

\prim
ordial
soup."
S
tandard
cosm
ology
b
egan.

C
aveat:
T
he
decay
happ
ens
alm
ost
everyw
here,
but
not
every-

w
here
|

w
e
w
ill
com
e
back
to
this
subtlety,
w
hich
is
the

origin
of
eternal
in

ation.
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A
fter
th
e
rep
u
lsive-g
ravity
m
aterial
d
ecayed
,
the
universe
contin-

u
ed
to
co
ast
an
d
co
o
l
fro
m
th
en
o
n
w
ard
.

K
ey
featu
re:
D
u
rin
g
th
e
exp
o
n
en
tial
exp
ansion,
the
density
o
f

m
atter
an
d
en
erg
y
d
id
N
O
T
th
in
o
u
t.
T
h
e
d
ensity
of
the
repulsive

gravity
m
aterial
w
as
n
o
t
lo
w
e
re
d
as
it
exp
anded!

A
lth
o
u
g
h
m
ore
an
d
m
ore
m
ass/
en
erg
y
ap
p
eared
as
the
repulsive-

gravity
m
aterialexp
an
d
ed
,
to
talen
erg
y
w
as
conserved!
H
O
W
????
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M
ira
cle
of
Ph
y
sics
#
2
:

E
ne
rgy
is
C
onse
rve
d
,
B
ut
N
ot
A
lw
a
y
s
Positive

T
he
energy
of
a
gravitational�
eld
is
negative
(b
oth
in
N
ew
tonian

gravity
and
in
general
relativity).

T
he
negative
energy
of
gravity
canceled
the
p
ositive
energy
of

m
atter,
so
the
total
energy
w
as
constant
and
p
ossibly
zero.

T
he
total
energy
of
the
universe
to
day
is
consistent
w
ith
zero.

S
chem
atically,
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E
vid
e
nce
for
I
nfla
tion

1
)
L
a
rge
sca
le
uniform
ity
.

T
he
cosm
ic
b
ackground
rad
iation
is

uniform
in
tem
p
erature
to
one
part
in
100,000.
It
w
as
released

w
h
en
the
universe
w
as
ab
out
400,000
years
old.
In
stand
ard
cos-

m
o
lo
gy
w
ithout
in

ation,
a
m
echanism
to
establish
this
uniform
ity

w
o
u
ld
need
to
transm
it
energy
and
inform
ation
at
ab
out
100
tim
es

th
e
sp
eed
of
light.

I
n
fla
tiona
ry
S
olution:

In
in

ationary
m
o
dels,
the
universe

b
eg
ins
so
sm
all
that
u
niform
ity
is
easily
established
|

just
like

th
e
air
in
the
lecture
hall
spreading
to
�
ll
it
uniform
ly.
T
hen

in


ation
stretches
the
region
to
b
e
large
enough
to
include
the

visib
le
universe.
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