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e
rt Ein

ste
in

 e
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. Esta teo
ria n

o
s d

iz q
u

e a ge
o

m
etria d

o
 e

sp
aço

 

está ligad
a à d

en
sid

ad
e d

o
 U

n
ive

rso
.

Ein
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 n
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 fico
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m
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rim
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 d
e 

su
a teo
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o
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n
siste

n
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m

 u
m

 U
n

ive
rso

 

e
stático

 (o
u
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an
são

). Ele, p
o

rtan
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in
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d
u

ziu
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m
 1

9
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7
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o
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te 
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ológica Λ.

Se
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 in
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 d
e u

m
a saga q

u
e

, m
ais d
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d
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o
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ra talvez n
o
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 d
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p
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 d
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U
n
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C
ré

d
ito

: D
e
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n
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le

x M
itte
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a

n
n

, C
o

ld
cre

a
tio

n

Explicar a exp
an

são acelerada d
o

 U
n

iverso
 levo

u
 a u

m
a gran

d
e 

d
iversid

ad
e d

e teo
rias. N

em
 p

re
cisa d

izer q
u

e d
escrever essas 

teo
rias em

 d
etalh

es é m
atem

aticam
en

te co
m

plicad
o.

O
u

tra
 so

lu
çã

o
 p

o
ssív

e
l co

n
siste

 e
m

 m
o

d
ifica

r a
 te

o
ria

 

d
a

 g
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vid
a

d
e

 d
e

 E
in

ste
in

. E
xiste

m
 m

u
ita

s m
a

n
e
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s d

e
 

co
n

se
g

u
ir isso

, m
a

s é
 d

ifícil fa
zê

-lo
 se

m
 v

io
la

r u
m

a
 o

u
 

m
a

is d
a

s m
u

ita
s p

re
visõ

e
s b

e
m

-su
ce

d
id

a
s d

a
 

re
la

tiv
id

a
d

e
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e
ra
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in

a
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e
n

te
, a

m
b

a
s a

s a
b

o
rd

a
g

e
n

s 

podem
 ser com

binadas de diferentes m
aneiras…

W
olfgang Pauli

Yakov Zeldovich
Steven W

einberg
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res físico

s d
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u
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 d

o
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o
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u
ân
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o
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d
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en
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d
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n
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ad
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o
 q

u
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m
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m
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 d

e
d

u
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o
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o
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u
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m
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n
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m

o
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lo
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 d

e
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agn
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d
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n
eo

 e
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d
a a física.
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o

vam
en

te, u
m

a q
u

e
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 q
u

e
 p

o
d

e
ria ter 
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ecid

o
 n

o
 b

aú
 d

e cu
rio

sid
ad

es in
ú
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is n

a física.
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 d
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 d
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d
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 d
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 d
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 c
o
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d
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 d
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 c

o
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d
a 

p
o
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u
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d

en
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d
ad
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e 
a 

d
en

si
d

ad
e 

fo
r 
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fic
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), a
 ex

pa
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r e
 o 

Un
ive

rso
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nt
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ir. 
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 a 

de
ns

ida
de
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r m
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o b

aix
a (
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o
n
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u

fic
ie
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e 
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a 
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p
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se
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p
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 c
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 d
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à d
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até
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d
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d
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d
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 d
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r d
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 p
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r d
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 d
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, m
u
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s 

ex
p
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õ
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lte

rn
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 p
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a 

o
rig

em
 

d
a 

ex
p

an
sã

o
 a
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le

ra
d

a 
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ra
m

 p
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p
o
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, u
m
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o

rig
em

 

ap
el

id
ad

a 
d

e 
' e

n
er

gi
a 
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cu

ra
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A
 q

u
in

te
ss
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ci
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é 

a 
fo

rm
a 

m
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m
p
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s 

d
e 

en
er

gi
a 
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cu

ra
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 u
m

 c
o

m
p

o
n

en
te

 h
ip

o
té

tic
o

 q
u

e 
in

te
ra

ge
 c

o
m

 
o
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st

o
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o
 U

n
iv

er
so
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p

en
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 a
tr
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és

 d
a 

gr
av

id
ad

e.
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u
a 

d
en

si
d

ad
e 

p
o

d
e 

va
ria

r a
o

 lo
n

go
 d

o
 te

m
p

o,
 m

as
 

ta
m

b
ém

 p
o

d
e 

se
 c

o
m

p
o

rt
ar

 d
e 

m
an

ei
ra

 m
u

ito
 

se
m

el
h

an
te

 a
 u

m
a 

co
n

st
an

te
 c

o
sm

o
ló

gi
ca

, d
ep

en
d

en
d

o
 

d
o

 p
o

te
n

ci
al

 q
u

e 
go

ve
rn

a 
su

a 
ev

o
lu

çã
o

.
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 c
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b
o
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m
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r 
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co
n
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n
s 
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d
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d

e 
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n
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vo
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d
o
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R
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n
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 d
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u
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u
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•
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d
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u
b

b
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Q
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l d
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A
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n
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a
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n
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au
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To
u
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u
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O
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n
iv

e
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o
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o
 m

e
u

 b
o
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o

E
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0
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ó
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d
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e
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5, q
u

e co
n

clu
iu

 
q

u
e

 existem
 galáxias fo

ra d
a n

o
ssa, Ed

w
in

 H
u

b
b

le
 

o
b

se
rvo

u
 q

u
e

 as ve
lo

cid
a

d
e

s d
e rece

ssão
 d

essas 
galáxias e

ram
 p

ro
p

o
rcio

n
ais às su

as d
istân

cia
s. 

G
e

o
rges Lem

aître
 in

terp
reto

u
 isso

 co
m

o
 u

m
 efeito

 d
a 

exp
an

são
 d

o
 U

n
ive

rso
.

A
 exp

a
n

são
 d

o
 U

n
iverso

 é
 u

m
 co

n
ceito

 n
ão

 trivia
l d

e 
en

ten
d

e
r: d

e
ixa

n
d

o
 d

e lad
o

 o
s m

o
vim

en
to

s 
in

d
ivid

u
ais q

u
e

 aco
m

p
an

h
am

 a e
stru

tu
ra d

a Teia 
C

ó
sm

ica (ver TU
IM

P 13), as galáxias se
 afastam

 u
m

as 
d

as o
u

tras co
m

 u
m

a velo
cid

ad
e p

ro
p

o
rcio

n
al às su

as 
re

sp
ectivas d

istân
cias.

O
 q

u
e

 go
vern

a e
ssa

 velo
cid

a
d

e
 é

 a gravita
çã

o
, co

m
o

 
jo

gar u
m

a
 p

e
d

ra p
ara cim

a: se
 a

 velo
cid

a
d

e
 in

icia
l 

fo
r b

a
ixa

, a
 p

e
d

ra
 so

b
e

 e d
e

p
o

is cai n
o

vam
en

te
. Se

 a
 

ve
lo

cid
a

d
e in

icia
l fo

r a
lta o

 su
ficie

n
te

 (e
sq

u
ece

n
d

o
 a

 
atm

o
sfe

ra d
a Te

rra
), a p

e
d

ra
 so

b
e

 in
d

efin
id

a
m

e
n

te
.
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a
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os tópicos apresentado
s neste livrinh

o, 
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p.org

O
 U

n
iv

e
rso

 n
o

 m
e

u
 b

o
lso

 N
o

. 4
1

 

N
r 1

Im
a

g
e

m
 d

a
 ca

p
a

 :

D
arth

 V
ad

e
r d
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‘passou para o lado negro da Força’. O próprio Universo 
e

stá su
je

ito
 a u

m
a fo

rça d
esco

n
h

ecid
a cu

ja o
rige

m
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isteriosa foi cham

ada de ̀Energia Escura’.
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 U
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u
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a
b

a
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v
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d
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 p
o

r S
ta

n
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u
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d
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é
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o
b

se
rvaçõ

e
s d

o
 

Te
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p
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H
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b
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e

fe
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a
s 

e
m
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s 

d
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n
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s.

U
m
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n
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 d
o
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q

u
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(F
re

e
d

m
a

n
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l 2

0
0

1
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D
ife
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n
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s

g
e

o
m
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s d
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e
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a
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C
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d
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A
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G
A

R
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K
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C
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N
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P
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O
T
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O
 d

iagram
a d

e
 H

u
b

b
le o

rigin
al (H

u
b

b
le

 1929).

Ele m
o

stra a velo
cid

ad
e m

ed
id

a V
 d

as galáxias em
 fu

n
ção

 

d
e su

a d
istân

cia D
, sen

d
o

 esta ú
ltim

a d
ed

u
zid

a u
san

d
o

 a 

relação
 p

erío
d

o
-lu

m
in

o
sid

ad
e p

ara estrelas C
efeid

as 

estab
e

le
cid

a algu
n

s an
o

s an
tes p

o
r H

en
rietta Leavitt (ver 

TU
IM

P
 1

5).
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D
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u

b
b
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m
u

d
o

u
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rasticam
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te n
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n
iverso

.

O
 valo

r d
e H

0 , a co
n
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te d

e H
u

b
b
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icialm

en
te
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 ce

rca d
e 50

0 km
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o
r M

p
c, d
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o

is e
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rca d
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/s p
o

r M
p

c n
o
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ício

 d
o

s an
o

s 1960
. A

s 

estim
ativas atu

ais são
 d

e
 cerca d

e
 73 km

/s p
o

r M
p

c.

1 Mpc é igual a 3 milhões de anos-luz
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 c
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d
o

 B
ig

 B
a

n
g

. 
E

le
 n

o
to
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u
e

, 
d

a
d

a
 a

 v
e

lo
ci

d
a

d
e

 d
e

 

e
xp

a
n

sã
o

 m
e

d
id

a
 p

o
r 

H
u

b
b

le
, 

o
 U

n
iv

e
rs

o
 s

e
ri

a
 m

a
is

 

jo
v

e
m

 d
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 d
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d
e
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 c
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u
m
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 q

u
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 p

e
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u
a
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a
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a
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ó
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a

 d
e
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o

b
e
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o
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