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ȧ
/H

0

a

)

2

=
Ω

m

a
3

+
1
−

Ω
m
−

Ω
Λ

a
2

+
Ω

Λ
(8

.5
3)

S
ub

st
itu

tin
g

th
e

tim
e

in
un

its
of

to
da

ys
H

ub
bl

e
tim

e,

τ
=

H
0
·t

(8
.5

4)

re
su

lts
in

(

da dτ

)

2

=
1

+
Ω

m

(

1 a
−

1)

+
Ω

Λ
(a

2
−

1)
w

he
re

a
(τ

=
1)

=
1

an
d

da dτ

∣ ∣ ∣ ∣

τ
=

1
=

1
(8

.5
5)

F
or

m
os

tc
om

bi
na

tio
ns

of
Ω

m
an

d
Ω

Λ
,n

ee
d

to
so

lv
e

nu
m

er
ic

al
ly

.

I

E
F

CO

D
R

I

L

A
I

N

R

D
N

XAEA

E
S
I

I

C

M L
MV

A

AI

AD

R

E

L
GE

8–
41

Fr
ie

dm
an

n
w

ith
no

nz
er

o
La

m
bd

a
3

Fr
ie

dm
an

n
w

ith
Λ
6=

0,
III

−
1

0
1

2
3

Ω
=

Ω
m
+

Ω
Λ

0123

Ωm

spatially open

spatially closed

Λ=0

Λ
>

0

Λ
<

0

re
co

lla
ps

e 
in 

fin
ite

 tim
e

un
bo

un
d 

ex
pa

ns
ion

N
o 

B
ig

 B
an

g

Lo
ite

rin
g

(a
fte

r
C

ar
ro

ll,
P

re
ss

&
Tu

rn
er

,1
99

2,
F

ig
.1

)

W
ith

Λ
,e

vo
lu

tio
n

of
un

iv
er

se
is

m
or

e
co

m
pl

ic
at

ed
th

an
w

ith
ou

t:

•
un

bo
un

d
ex

pa
ns

io
n

po
ss

ib
le

fo
r
Ω

<
1,

•
F

or
Ω

Λ
la

rg
e:

no
bi

g
ba

ng
!

•
F

or
Ω

Λ
la

rg
e:

po
ss

ib
le

“lo
ite

rin
g

ph
as

e”

I

E
F

CO

D
R

I

L

A
I

N

R

D
N

XAEA

E
S
I

I

C

M L
MV

A

AI

AD

R

E

L
GE

8–
42

Fr
ie

dm
an

n
w

ith
no

nz
er

o
La

m
bd

a
4

Ω
Λ

>
1,

I

−
3

−
2

−
1

0
1

T
im

e 
fr

om
 to

da
y 

in
 u

ni
ts

 o
f H

0 
t

01234

a

Lo
ite

rin
g 

P
ha

se

T
od

ay

F
or

la
rg

e
Ω

Λ
:

co
nt

ra
ct

io
n

fr
om

+
∞

an
d

re
ex

pa
ns

io
n

=
⇒

no
bi

g
ba

ng
.

F
or

sl
ig

ht
ly

sm
al

le
r
Ω

Λ
:

ph
as

e
w

he
re

ȧ
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