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R
e
v
ie
w
fro
m

th
e
p
re
v
io
u
s
le
c
tu
re

T
h
e
easiest
v
ersion
of
in


ation
to
ex
p
lain
is
called
\h
illtop
"
in


ation
,
or
\n
ew
"

in


ation
.
It
assu
m
es
an
in


ato
n
p
oten
tial
en
ergy
d
en
sity
resem
b
lin
g
th
at

of
th
e
stan
d
ard
m
o
d
el
H
ig
gs
�
eld
:

M
ore
gen
eral
p
o
ten
tial
en
erg
y
fu
n
ction
s
are
p
o
ssib
le,
as
w
e
w
ill
d
iscu
ss
in
a
few

m
in
u
tes.

|

w
ell,
on
th
e
n
ex
t
slid
e.

A
la
n
G
u
th
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a
s
s
a
c
h
u
s
e
t
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s
titu
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o
f
T
e
c
h
n
o
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g
y

8
.2
8
6
C
la
s
s
2
8
,
D
e
c
e
m
b
e
r
1
4
,
2
0
2
2

{
1
{

N
o
t
fro
m

th
e
la
s
t
le
c
tu
re
,
b
u
t
it
c
o
u
ld
h
a
v
e
b
e
e
n
.C

h
a
o
tic
I
nfla
tio
n

In
1983
A
n
d
rei
L
in
d
e
p
oin
ted
ou
t
th
at
in


ation
can
o
ccu
r
in
a
m
u
ch
m
o
re

gen
eral
class
of
p
oten
tials,
even
on
e
as
sim
p
le
as

V
(�
)
=
12

m
�
2

:

L
in
d
e
assu
m
ed
th
at
b
efore
in


ation
th
e
in


aton
�
eld
�
w
a
s
\
ch
aotic,"

tak
in
g
on
very
d
i�
eren
t
valu
es
in
d
i�
eren
t
p
arts
of
sp
ace,
so
th
at
th
ere

w
ill
b
e
p
laces
w
h
ere
b
efore
in


ation
�
w
as
v
ery
large.

L
in
d
e
sh
ow
ed
th
at
if
th
e
in
itial
valu
e
of
�
w
as
su
Æ
cien
tly
large,
th
ere
w
ou
ld
b
e

en
ou
gh
in


ation
as
�
rolled
d
ow
n
th
e
p
oten
tial
en
ergy
h
ill
to
accom
p
lish

su
ccessfu
l
in


ation
.
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th
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s
s
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c
h
u
s
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c
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c
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b
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R
e
v
ie
w
fro
m

th
e
p
re
v
io
u
s
le
c
tu
re

S
um
m
a
ry
o
f
I
nfla
tio
na
ry
S
ce
na
rio

In
itial
con
d
ition
s:
W
e
can
on
ly
sp
ecu
late
ab
ou
t
th
e
state
of
th
e
u
n
iv
erse

b
efore
in


ation
.
B
u
t
a
s
lon
g
a
s,
som
eh
ow
,
th
e
in


aton
�
eld
in
som
e
region
s

of
sp
ace
w
as
in
th
e
ran
ge
of
valu
es
th
at
ca
n
start
in


ation
,
th
en
in


ation

w
ill
h
ap
p
en
.
O
n
ce
in


atio
n
starts,
th
e
in


atin
g
region
rap
id
ly
com
es
to

d
om
in
ate
th
e
v
olu
m
e
of
th
e
u
n
iv
erse.

E
volu
tion
:
if
�
is
�
x
ed
at
�
f
,
th
en
p
=
�
�
c
2,
an
d

�aa
=
8
�3

G
�
f

:
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c
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R
e
v
ie
w
fro
m

th
e
p
re
v
io
u
s
le
c
tu
re

E
volu
tion
:
if
�
is
�
x
ed
at
�
f
,
th
en
p
=
�
�
c
2,
an
d

�aa
=
8
�3

G
�
f

:

A
sim
p
le,
h
om
ogen
eou
s
an
d
isotrop
ic
solu
tion
is
th
e
d
e
S
itter
solu
tion
:

d
s
2

=
�
c
2d
t
2

+
a
2(t)d
~x
2

;

w
h
ere

a
(t)
/

e
�
t
;
�
= r
8
�3

G
�
f

:

A
la
n
G
u
th

M
a
s
s
a
c
h
u
s
e
tts

In
s
titu
te
o
f
T
e
c
h
n
o
lo
g
y

8
.2
8
6
C
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s
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2
8
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D
e
c
e
m
b
e
r
1
4
,
2
0
2
2

{
4
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R
e
v
ie
w
fro
m

th
e
p
re
v
io
u
s
le
c
tu
re

A
sim
p
le,
h
om
ogen
eo
u
s
an
d
isotrop
ic
so
lu
tion
is
th
e
d
e
S
itter
solu
tion
:

d
s
2

=
�
c
2d
t
2

+
a
2(t)d
~x
2

;

w
h
ere

a
(t)
/

e
�
t
;
�
= r
8
�3

G
�
f

:

C
osm
ological
\N
o-H
a
ir"
C
on
jectu
re:
F
o
r
\
reason
a
b
le"
in
itial
con
d
ition
s,

even
if
far
from
h
om
o
gen
eou
s
an
d
iso
tro
p
ic,
�
=
�
f

im
p
lies
th
at
th
e
region

w
ill
ap
p
roach
d
e
S
itter
sp
ace.

D
e
S
itter
E
v
en
t
H
orizon
:
In
d
e
S
itter
sp
ace,
if
tw
o
o
b
jects
h
ave
a
p
h
y
sica
l

sep
aration
larger
th
a
n
c�
�

1,
th
e
H
u
b
b
le
len
gth
,
at
an
y
tim
e
t
1 ,
ligh
t
from

th
e
�
rst
w
ill
n
ever
rea
ch
th
e
secon
d
.
T
h
is
is
ca
lled
a
n
even
t
h
o
rizo
n
.
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u
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a
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u
s
e
t
ts
In
s
titu
te
o
f
T
e
c
h
n
o
lo
g
y

8
.2
8
6
C
la
s
s
2
8
,
D
e
c
e
m
b
e
r
1
4
,
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2
2

{
5
{

R
e
v
ie
w
fro
m

th
e
p
re
v
io
u
s
le
c
tu
re

T
h
e
E
nd
ing
o
f
I
nfla
tio
n

A
stan
d
ard
scalar
�
eld
in
a


at
F
R
W

u
n
iv
erse
ob
ey
s
th
e
eq
u
ation
of
m
otion
:

��
+
3
_aa
_�
�

1a
2
r
2i �
=
�

@
V@

�
;

w
h
ere
r
2i

is
th
e
L
ap
lacian
op
erator
in
com
ov
in
g
co
ord
in
ates
x
i,
an
d
V
(�
)
is

th
e
p
oten
tial
en
ergy
fu
n
ction
(i.e.,
th
e
p
oten
tial
en
ergy
p
er
volu
m
e).

T
h
e
sp
atial
d
erivative
p
iece
so
on
b
ecom
es
n
egligib
le,
d
u
e
to
th
e
(1
=
a
2)

su
p
p
ression
,
w
h
ich
re

ects
th
e
fact
th
at
th
e
stretch
in
g
of
sp
ace
cau
ses
�
to

b
ecom
e
n
early
u
n
iform
over
h
u
ge
region
s.
T
h
e
eq
u
ation
is
th
en
id
en
tical

to
th
at
of
a
b
all
slid
in
g
on
a
h
ill
d
escrib
ed
b
y
V
(�
),
b
u
t
w
ith
a
v
iscou
s

d
am
p
in
g
(i.e.,
friction
)
d
escrib
ed
b
y
th
e
term
3(
_a=
a
)
_�.

A
la
n
G
u
th

M
a
s
s
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c
h
u
s
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tts
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o
f
T
e
c
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n
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g
y
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4
,
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0
2
2
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R
e
v
ie
w
fro
m

th
e
p
re
v
io
u
s
le
c
tu
re

��
+
3
_aa
_�
=
�

@
V@

�
:

F
lu
ctu
ation
s
in
�
d
u
e
to
th
erm
al
an
d
/or
q
u
an
tu
m
e�
ects
w
ill
cau
se
th
e
�
eld

to
start
to
slid
e
d
ow
n
th
e
h
ill.
T
h
is
w
ill
n
ot
h
a
p
p
en
glob
ally,
b
u
t
in
region
s,

ty
p
ically
of
size
c�
�

1.

W
ith
in
a
region
,
�
w
ill
sta
rt
to
oscillate

ab
ou
t
th
e
tru
e
vacu
u
m
valu
e,
a
t
th
e
b
ottom

of
th
e
h
ill.
In
teraction
s
w
ith
o
th
er
�
eld
s

w
ill
allow
�
to
giv
e
its
en
erg
y
to
th
e
oth
er

�
eld
s,
p
ro
d
u
cin
g
a
\h
ot
so
u
p
"
o
f
oth
er

p
articles,
w
h
ich
is
ex
actly
th
e
startin
g
p
oin
t

of
th
e
con
ven
tion
al
h
ot
b
ig
b
an
g
th
eory.

T
h
is
is
called
reh
ea
tin
g.

T
h
e
stan
d
ard
h
ot
b
ig
b
a
n
g
scen
ario
b
egin
s.
In


ation
h
as
p
layed
th
e
role
of
a

p
req
u
el,
settin
g
th
e
in
itial
con
d
ition
s
for
con
v
en
tion
al
cosm
ology.
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R
e
v
ie
w
fro
m

th
e
p
re
v
io
u
s
le
c
tu
re

S
o
lutio
ns
to
th
e
C
o
sm
o
lo
g
ica
l
P
ro
b
le
m
s

1)

H
o
riz
o
n
P
ro
b
le
m
:
In
in


ation
ary
m
o
d
els,
u
n
iform
ity
is
ach
ieved
in
a

tin
y
region
B
E
F
O
R
E
in


ation
starts.
W
ith
ou
t
in


ation
,
su
ch
region
s
w
ou
ld

b
e
far
to
o
sm
all
to
m
atter.
B
u
t
in


ation
can
stretch
a
tin
y
region
of

u
n
iform
ity
to
b
ecom
e
large
en
ou
gh
to
in
clu
d
e
th
e
en
tire
v
isib
le
u
n
iverse

an
d
m
ore.
F
or
in


ation
at
th
e
G
U
T
scale,
10
1
6

G
eV
,
w
e
n
eed
ex
p
an
sion
b
y

ab
ou
t
1
0
2
8,
w
h
ich
is
ab
o
u
t
65
tim
e
con
stan
ts
of
th
e
ex
p
on
en
tial
ex
p
an
sion
.

A
la
n
G
u
th

M
a
s
s
a
c
h
u
s
e
tts

In
s
titu
te
o
f
T
e
c
h
n
o
lo
g
y

8
.2
8
6
C
la
s
s
2
8
,
D
e
c
e
m
b
e
r
1
4
,
2
0
2
2

{
8
{

2)

F
la
tne
ss
Prob
le
m
:
Ju
st
lo
ok
at
F
ried
m
an
n
eq
u
ation
:

�
_aa �
2

=
8
�3

G
�
�

k
c
2

a
2

:

\F
latn
ess"
is
th
e
statem
en
t
th
at
th
e
�
n
al
term
in
th
is
eq
u
ation
is
n
eglig
ib
le.

B
u
t
d
u
rin
g
in


atio
n
,
�
�

�
v

=
con
st,
w
h
ile
a
(t)
grow
s
ex
p
on
en
tially.
If

a
(t)
grow
s
b
y
at
least
10
2
8

d
u
rin
g
in


ation
,
th
e
�
n
al
term
is
su
p
p
ressed
b
y

a
factor
of �10
2
8 �
2

=
10
5
6.

A
la
n
G
u
th

M
a
s
s
a
c
h
u
s
e
t
ts
In
s
titu
te
o
f
T
e
c
h
n
o
lo
g
y

8
.2
8
6
C
la
s
s
2
8
,
D
e
c
e
m
b
e
r
1
4
,
2
0
2
2

{
9
{

3)

M
o
n
o
p
o
le
P
ro
b
le
m
:
S
olv
ed
b
y
d
ilu
tion
,
as
lon
g
as
th
e
in


ation
o
ccu
rs

d
u
rin
g
or
after
th
e
p
ro
cess
of
m
on
op
ole
p
ro
d
u
ction
.
F
or
in


ation
at
th
e

G
U
T
scale,
th
e
v
olu
m
e
of
an
y
com
ov
in
g
region
in
creases
d
u
rin
g
in


ation

b
y
a
factor
of
ab
ou
t �10
2
8 �
3

=
1
0
8
4

or
m
ore!
T
h
at
is
p
len
ty
en
ou
gh
to

m
ake
m
on
op
oles
im
p
ossib
le
to
�
n
d
.

S
om
e
sm
all
n
u
m
b
er
of
m
on
op
oles
cou
ld
b
e
p
ro
d
u
ced
d
u
rin
g
reh
eatin
g,
so

it
m
akes
sen
se
to
lo
ok
for
th
em
.
B
u
t,
ex
cep
t
for
an
irrep
ro
d
u
cib
le
sin
gle

ev
en
t
seen
b
y
B
las
C
ab
rera
at
S
tan
ford
in
1982,
m
agn
etic
m
on
op
oles
h
ave

n
ot
b
een
seen
.

A
la
n
G
u
th

M
a
s
s
a
c
h
u
s
e
tts

In
s
titu
te
o
f
T
e
c
h
n
o
lo
g
y

8
.2
8
6
C
la
s
s
2
8
,
D
e
c
e
m
b
e
r
1
4
,
2
0
2
2

{
1
0
{

R
ip
p
le
s
in
th
e
C
o
sm
ic
M
icro
w
a
ve
B
a
ck
g
ro
und

T
h
e
C
M
B
is
u
n
iform
in
all
d
irectio
n
s
to
an
accu
ra
cy
of
a
few
p
arts
in
100,000.

N
on
eth
eless,
at
th
e
level
o
f
a
few
p
arts
in
100,00
0
th
ere
A
R
E
an
iso
trop
ies,

an
d
th
ey
h
ave
n
ow
b
een
m
easu
red
to
h
igh
p
recision
.
S
in
ce
th
e
C
M
B
is

essen
tially
a
sn
ap
sh
ot
of
th
e
u
n
iverse
at
t
�

380
;000
y
r,
th
ese
rip
p
les
are

in
terp
reted
as
p
ertu
rb
ation
s
in
th
e
cosm
ic
m
ass
d
en
sity
at
th
is
tim
e.

In
th
e
early
d
ay
s
of
in


a
tion
,
su
ch
d
en
sity
p
ertu
rb
ation
s
w
ere
a
cau
se
for
w
orry.

(T
h
e
rip
p
les
h
ad
n
ot
yet
b
een
seen
,
b
u
t
co
sm
olog
ists
k
n
ew
th
at
th
e
early

u
n
iv
erse
m
u
st
h
ave
h
ad
d
en
sity
p
ertu
rb
ation
s,
or
else
galax
ies
an
d
stars

cou
ld
n
ever
h
ave
form
ed
.)
In


ation
sm
o
oth
s
ou
t
th
e
u
n
iv
erse
so
e�
ectiv
ely,

th
at
it
lo
oked
like
n
o
d
en
sity
p
ertu
rb
ation
s
cou
ld
su
rv
ive.

A
la
n
G
u
th

M
a
s
s
a
c
h
u
s
e
t
ts
In
s
titu
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o
f
T
e
c
h
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g
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Q
ua
ntum
M
e
ch
a
nics
to
th
e
R
e
scue
(A
g
a
in)

W
h
y
a
ga
in
?
W
e
sp
ok
e
earlier
ab
ou
t
h
ow
q
u
an
tu
m
m
ech
an
ics
w
as
n
ecessary
to

save
u
s
from
freezin
g
to
d
eath
.
If
classical
m
ech
an
ics
ru
led
,
all
th
erm
al

en
ergy
w
ou
ld
grad
u
ally
d
isap
p
ear
in
to
sh
orter
an
d
sh
orter
w
avelen
gth

electrom
agn
etic
rad
iation
.

If
in


ation
h
ap
p
en
ed
w
ith
classical
p
h
y
sics,
it
w
ou
ld
sm
o
oth
th
e
u
n
iverse
so

p
erfectly
th
at
stars
an
d
galax
ies
cou
ld
n
ev
er
form
.

B
u
t
q
u
an
tu
m
m
ech
an
ics
is
in
trin
sically
p
rob
ab
ilistic.
W
h
ile
th
e
classicalv
ersion

of
in


ation
p
red
icts
an
alm
ost
ex
actly
u
n
iform
m
ass
d
en
sity,
th
e
in
trin
sic

ran
d
om
n
ess
of
th
e
q
u
an
tu
m
v
ersion
im
p
lies
th
at
th
e
m
ass
d
en
sity
w
ill
b
e

a
little
h
igh
er
in
som
e
p
laces,
an
d
a
little
low
er
in
oth
ers.

A
la
n
G
u
th

M
a
s
s
a
c
h
u
s
e
tts

In
s
titu
te
o
f
T
e
c
h
n
o
lo
g
y

8
.2
8
6
C
la
s
s
2
8
,
D
e
c
e
m
b
e
r
1
4
,
2
0
2
2

{
1
2
{

In
1965,
A
n
d
rei
S
ak
h
arov
,
th
e
R
u
ssian
n
u
clear
p
h
y
sicist
an
d
p
olitical
activ
ist,

p
rop
osed
in
a
rath
er
w
ild
ly
sp
ecu
lative
p
ap
er
th
at
q
u
an
tu
m


u
ctu
ation
s

m
igh
t
accou
n
t
for
th
e
stru
ctu
re
of
th
e
u
n
iverse.

In
1981,
M
u
k
h
an
ov
an
d
C
h
ib
isov
tried
to
calcu
late
th
e
d
en
sity


u
ctu
ation
s
in

p
re-in


ation
ary
/in


atio
n
ary
m
o
d
elin
ven
ted
b
y
A
lex
eiS
tarob
in
sk
y
in
1980.

In
su
m
m
er
1982,
G
ary
G
ib
b
on
s
an
d
S
tep
h
en
H
aw
k
in
g
orga
n
ized
th
e
N
u
Æ
eld

W
ork
sh
op
on
th
e
V
ery
E
arly
U
n
iverse
in
C
am
b
rid
ge
U
K
,
w
h
ere
a
n
u
m
b
er

o
f
p
h
y
sicists
w
orked
fev
erish
ly
an
d
argu
ed
th
rou
g
h
th
e
n
igh
t
ab
ou
t
h
ow

to
calcu
late
th
ese
p
ertu
rb
ation
s
in
in


ation
.

In
th
e
en
d
,
all
ag
reed
.

F
ou
r
p
ap
ers
em
erged
:
H
aw
k
in
g,
S
tarob
in
sk
y,
G
u
th
&
P
i,
an
d
B
ard
een
,

S
tein
h
ard
t,
&
T
u
rn
er.

B
asic
con
clu
sion
:
th
e
am
p
litu
d
e
of
th
e
d
en
sity
p
ertu
rb
ation
s
is
very
\m
o
d
el-

d
ep
en
d
en
t,"
m
ean
in
g
th
at
it
d
ep
en
d
s
on
th
e
u
n
k
n
ow
n
d
etails
of
V
(�
).
B
u
t:

th
e
sp
ectru
m
|

th
e
w
ay
in
w
h
ich
th
e
in
ten
sity
of
th
e
rip
p
les
d
ep
en
d
s
on

th
e
w
avelen
gth
of
th
e
rip
p
les
|

is
th
e
sam
e
for
a
w
id
e
ran
ge
of
\sim
p
le"

in


ation
ary
m
o
d
els.
S
im
p
le
=
\S
in
gle
�
eld
/
slow
-roll
m
o
d
els,"
i.e.
m
o
d
els

w
ith
a
sin
gle
in


aton
�
eld
,
a
n
d
w
ith
sm
all
valu
es
for
d
V
=d
�
an
d
d
2V
=
d
�
2.
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O
b
se
rva
tio
ns
o
f
th
e
R
ip
p
le
s
in
th
e
C
M
B

In
1982,
it
seem
ed
(at
least
to
m
e)
ou
t
of
th
e
q
u
estion
th
at
th
ese
rip
p
les
w
ou
ld

ev
er
b
e
seen
.

T
h
ere
h
ave
n
ow
b
een
3
satellite
ex
p
erim
en
ts
to
m
easu
re
th
e
C
M
B
,
p
lu
s
m
an
y

m
an
y
grou
n
d
-b
ased
ex
p
erim
en
ts.
T
h
e
th
ree
satellites
w
ere:

C
O
B
E
:
C
osm
ic
B
ack
grou
n
d
E
x
p
lorer,
lau
n
ch
ed
b
y
N
A
S
A
in
1989,
after
15

years
of
p
lan
n
in
g.
In
1992
it
an
n
ou
n
ced
its
�
rst
m
easu
rem
en
ts
of

C
M
B
an
isotrop
ies.
T
h
e
an
gu
lar
resolu
tion
w
as
cru
d
e,
ab
ou
t
7
Æ,
b
u
t

th
e
resu
lts
agreed
w
ith
in


ation
.

W
M
A
P
:
T
h
e
W
ilk
in
son
M
icrow
ave
A
n
isotrop
y
P
rob
e,
lau
n
ch
ed
b
y
N
A
S
A
in

2001.
45
tim
es
m
ore
sen
sitive,
w
ith
33
tim
es
b
etter
an
gu
lar
resolu
tion

th
an
C
O
B
E
.
S
till
con
sisten
t
w
ith
in


ation
.

P
lan
ck
:
L
au
n
ch
ed
in
2009
b
y
E
S
A
.
R
esolu
tion
ab
ou
t
2.5
tim
es
b
etter
th
an

W
M
A
P
.
R
esu
lts
still
con
sisten
t
w
ith
in


ation
.
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C
M
B
:

C
o
m
p
a
riso
n

o
f
T
h
e
o
ry

a
nd

E
x
p
e
rim
e
nt

G
ra
p
h
b
y
M
a
x
T
eg
m
a
rk
,

fo
r
A
.
G
u
th
&
D
.
K
a
iser,

S
c
ie
n
c
e
3
0
7
,
8
8
4

(F
eb
1
1
,
2
0
0
5
),
u
p
d
a
ted

to
in
clu
d
e
W
M
A
P

7
-y
ea
r
d
a
ta
(J
a
n
2
0
1
0
).
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p
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nt

G
ra
p
h
b
y
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a
x
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m
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rk
,

fo
r
A
.
G
u
th
&
D
.
K
a
iser,

S
c
ie
n
c
e
3
0
7
,
8
8
4

(F
eb
1
1
,
2
0
0
5
),
u
p
d
a
ted

to
in
clu
d
e
W
M
A
P

7
-y
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r
d
a
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6.

T
h
is
a
n
d
th
e
fo
llo
w
in
g
s
lid
e
s
w
e
re
n
o
t
re
a
c
h
e
d
in
c
la
s
s
.

E
te
rna
l
I
nfla
tio
n

In
h
illtop
in


ation
,
w
h
ile
th
e
scalar
�
eld
rolls
d
ow
n
th
e
h
ill
in
th
e
p
oten
tial
en
-

ergy
d
iagram
,
th
ere
is
alw
ay
s
som
e
sm
all
q
u
an
tu
m
m
ech
an
ical
p
rob
ab
ility

th
at
th
e
�
eld
rem
ain
s
at
th
e
top
.

A
p
p
rox
im
ate
calcu
lation
s
sh
ow
th
at
th
e
p
rob
ab
ility
of
rem
ain
in
g
at
th
e
top
falls

o�
ex
p
on
en
tially
w
ith
tim
e.
T
h
at
is,
th
e
false
vacu
u
m
h
as
an
ex
p
on
en
tial

d
ecay
law
,
like
a
rad
ioactive
su
b
stan
ce.

In
an
y
su
ccessfu
l
m
o
d
el
of
in


ation
,
th
e
h
alf-life
of
th
e
false
vacu
u
m
is
m
u
ch

lon
ger
th
an
th
e
d
ou
b
lin
g
tim
e
of
th
e
ex
p
on
en
tial
ex
p
an
sion
of
a
(t).

S
o,
in
on
e
h
alf-life
of
th
e
d
ecay,
h
alf
of
th
e
region
in
false
vacu
u
m
stop
s
in


atin
g,

b
u
t
th
e
region
rem
ain
in
g
in
th
e
false
vacu
u
m
state
b
ecom
es
m
u
ch
larger

th
an
th
e
origin
al
size
of
th
e
fu
ll
region
!
T
h
u
s,
th
e
volu
m
e
of
false
vacu
u
m

region
grow
s
ex
p
on
en
tially
in
tim
e.
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T
h
e
en
d
in
g
of
in


ation
h
ap
p
en
s
in
lo
ca
lized
p
a
tch
es,
w
h
ere
in
each
p
atch
th
ere

is
a
lo
cal
b
ig
b
an
g,
form
in
g
w
h
at
w
e
ca
ll
a
\p
o
cket
u
n
iverse".
T
h
e
th
eory

seem
s
to
lead
to
th
e
p
ro
d
u
ctio
n
of
p
o
cket
u
n
iverses
a
d
in
�
n
itu
m
.
T
h
e

collection
of
p
o
cket
u
n
iverses
is
called
a
\m
u
ltiverse".

Is
th
is
relevan
t
to
p
h
y
sics?

M
ay
b
e.
It
o�
ers
a
p
ossib
le
ex
p
lan
a
tion
o
f
th
e
v
ery
sm
all
vacu
u
m
en
ergy
d
en
sity

of
ou
r
u
n
iverse.
If
th
ere
is
an
in
�
n
ite
set
of
p
o
cket
u
n
iv
erses,
w
ith
each
on
e

�
lled
w
ith
a
d
i�
eren
t
va
cu
u
m
-like
state
(strin
g
th
eory,
for
ex
am
p
le,
giv
es

a
h
u
g
e
n
u
m
b
er
of
vacu
u
m
-lik
e
states),
th
en
th
ere
w
ill
b
e
p
o
cket
u
n
iv
erses

w
ith
very
sm
all
vacu
u
m
en
ergies.
O
n
ly
th
ose
w
ith
sm
all
vacu
u
m
en
ergies

w
ill
d
ev
elop
life,
sin
ce
th
e
oth
ers
w
ill
im
p
lo
d
e
of


y
ap
a
rt
b
efore
life
cou
ld

form
.
A
ll
of
th
is
is
sp
ecu
lativ
e
an
d
con
troversial,
h
ow
ever.
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