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A
 luz é feita d

e partículas
 s

em
 m

as
s

a 
cham

ad
as

 fótons
 q

ue tam
bém

 s
e 

com
portam

 com
o ond

as
. A

 
interferência e a d

ifração revelam
 o 

as
pecto ond

ulatório d
a luz, enq

uanto o 
efeito fotoelétrico e as

 câm
eras

 C
C

D
 

revelam
 s

eu as
pecto corpus

cular. 
Q

uand
o d

izem
os

 'luz', pens
am

os
 na luz 

vis
ível q

ue vem
os

 em
 um

 arco-íris
, m

as
 

es
ta é apenas

 um
a peq

uena parte d
o 

es
pectro d

e luz.
A

 luz é caracterizad
a por s

ua freq
uência 

d
e vibração, ν, ou por s

eu com
prim

ento 
d

e ond
a, λ, relacionad

os
 por ν x λ = c (ond

e 
c é a velocid

ad
e d

a luz). O
s

 
com

prim
entos

 d
e ond

a d
o arco-íris

 
es

tão localizad
os

 entre 0
,4

 e 0
,8

 µm
. 

A
baixo d

o verm
elho (0

,8
 µm

), há 
infraverm

elho q
ue s

e es
tend

e até cerca 
d

e 3
0

0
 µm

, d
epois

 ond
as

 d
e rád

io até 
ond

as
 q

uilom
étricas

 e m
ais

. A
lém

 d
o 

violeta (0
,4

 µm
), há ultravioleta, d

epois
 

raios
-X e raios

 gam
a.

L
u
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 c
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liz
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a
 d

e
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a

ç
ã

o
 d

o
 e

s
p

a
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o
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t
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m
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o
 a

o
 s

e
u

 re
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o
r. E

s
s

a
 d

e
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rm
a

ç
ã

o
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e
n

o
rm

e
 p

e
rt

o
 d

o
s

 b
u

ra
c

o
s

 n
e

g
ro

s
, t

e
m

 
u

m
a

 a
m

p
lit

u
d

e
 m

u
it

o
 p

e
q

u
e

n
a
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u

a
n

d
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a
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á
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, c

o
m

o
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L
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O

 e
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G
O
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a

g
e

m
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c
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g
u

g
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a
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o
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D
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p
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R
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ó
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o
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9

O
s raios cósm

icos são partículas de 
m

atéria carregadas (prótons, elétrons, 
núcleos de hélio) que viajam

 a velocidades 
m

uito próxim
as à da luz e, portanto, têm

 
um

a energia cinética gigantesca. S
ua 

origem
 é pouco com

preendida. E
les podem

 
vir de supernovas ou da fusão de buracos 
negros. E

les são detectados pela luz que 
em

item
 durante sua interação com

 a 
atm

osfera da Terra, criando um
a chuva de 

partículas em
issoras de luz.

E
m

 regiões m
uito escuras, essa 

lum
inosidade fraca pode ser capturada por 

telescópios projetados para observar 
essas chuvas de luz, com

o o telescópio 
H

E
S

S
 na N

am
íbia, ou o experim

ento A
uger 

na A
rgentina, que com

bina telescópios e 
detectores de partículas para detectar 
os raios cósm

icos m
ais energéticos. 

E
stes últim

os são m
uito raros: apenas 

cerca de um
 desses raios cósm

icos passa 
por  quilôm

etro quadrado na Terra durante 
um

 século inteiro.
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d
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1
 µ
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0
1

 m
m
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 e
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o

n
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a
s
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e
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á

d
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 d
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s
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a
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s
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a
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n
ã

o
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 r
e

p
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s
e

n
t

a
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o
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u
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e
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s
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s
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ã
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a

b
a
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 d
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,0

1
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m
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1
 n

m
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0
0

0
0

1
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m
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d
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a
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a
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o
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a
z

u
l d

o
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é
u
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d
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o
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 d
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p
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d
a
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z
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o
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r 

p
o
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p

a
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u
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s

 n
a

 
a

t
m

o
s
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e

r 

t
u

im
p
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4

).

U
m

 a
s

p
e

c
t

o
 d

a
 

n
a

t
u

re
z

a
 c

o
rp

u
s

c
u

la
r 

d
a

 lu
z

: p
a

in
é

is
 

fo
t

o
vo

lt
a

ic
o

s
 a

b
s

o
rv

e
m

 
p

a
rt

íc
u
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s

 d
e

 lu
z
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u

e
 

a
rr

a
n

c
a

m
 e
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t
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n

s
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2
0

1
5

 fo
i o

 a
no

 d
a 

pr
im

ei
ra

 d
et

ec
çã

o 
d

e 
on

d
as

 g
ra

vi
ta

ci
on

ai
s 

(v
e

r 
t

u
im

p
 1

8
). 

P
re

vi
st

as
 1

0
0

 a
no

s 
an

te
s 

po
r A

lb
er

t 
E

in
st

ei
n,

 s
ua

 in
te

ns
id

ad
e 

é 
tã

o 
fr

ac
a 

qu
e 

o 
fís

ic
o 

es
ta

va
 c

on
ve

nc
id

o 
d

e 
qu

e 
el

as
 

nu
nc

a 
po

d
er

ia
m

 s
er

 d
et

ec
ta

d
as

.
E

ve
nt

os
 e

xt
re

m
am

en
te

 e
ne

rg
ét

ic
os

, 
co

m
o 

a 
fu

sã
o 

d
e 

d
oi

s 
bu

ra
co

s 
ne

gr
os

 s
ão

 
ne

ce
ss

ár
io

s 
pa

ra
 q

ue
 a

s 
on

d
as

 e
m

it
id

as
 

se
ja

m
 d

et
ec

ta
d

as
 p

el
os

 in
st

ru
m

en
to

s 
at

ua
is

. É
 a

pe
na

s 
a 

fo
rm

a 
m

ui
to

 
pa

rt
ic

ul
ar

 d
o 

si
na

l q
ue

 p
er

m
it

e 
ex

tr
aí

-lo
 

d
o 

ru
íd

o 
(d

ev
id

o,
 e

m
 p

ar
ti

cu
la

r,
 à

s 
vi

br
aç

õe
s 

re
si

d
ua

is
 d

os
 e

sp
el

ho
s 

d
o 

in
st

ru
m

en
to

, q
ue

 c
au

sa
m

 m
ov

im
en

to
s 

m
ui

to
 m

ai
or

es
 d

o 
qu

e 
o 

d
es

lo
ca

m
en

to
 

ca
us

ad
o 

pe
la

 p
as

sa
ge

m
 d

as
 o

nd
as

). 
A

s 
nu

m
er

os
as

 fu
sõ

es
 d

e 
bu

ra
co

s 
ne

gr
os

 e
 

es
tr

el
as

 d
e 

nê
ut

ro
ns

 q
ue

 o
s 

d
et

ec
to

re
s 

ob
se

rv
ar

am
 d

es
d

e 
2

0
1

5
 re

ve
la

m
 u

m
 

un
iv

er
so

 q
ue

 e
ra

 in
vi

sí
ve

l a
té

 a
go

ra
.
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l d
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l d
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R
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p
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R
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d
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s
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D
e

t
e

c
t

o
r 

d
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u
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L
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n
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M
e
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a
g

e
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o
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e
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t
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É
 d

ifícil d
eixar a T

erra p
ara exp

lo
rar o

 
U

nivers
o

. A
lém

 d
e algum

as
 s

o
nd

as
 

es
p

aciais
 p

ara exp
lo

rar o
 s

is
tem

a 
s

o
lar, p

recis
am

o
s

 no
s

 co
ntentar em

 
o

bs
ervar as

 m
ens

agens
 q

ue o
 céu no

s
 

envia. C
o

nhecem
o

s
 5

 tip
o

s
 d

e 
m

ens
ageiro

s
 celes

tiais
:

1
) Luz, q

ue é m
uito m

ais
 rica d

o q
ue o 

q
ue nos

s
o olho percebe.

2
) N

eutrino
s

: p
artículas

 d
e baixa 

m
as

s
a q

ue q
uas

e não
 interagem

 co
m

 a 
m

atéria.
3

) R
aio

s
 có

s
m

ico
s

: p
artículas

 d
e 

m
atéria io

nizad
a d

e energia m
uito

 alta 
q

ue s
ão

 revelad
as

 ao
 entrar na 

atm
o

s
fera d

a T
erra.

4
) M

eteo
rito

s
 (v

e
r t

u
im

p
 1

1
): o

s
 

m
aio

res
 s

o
brevivem

 à p
as

s
agem

 p
ela 

atm
o

s
fera p

ara chegar ao
 s

o
lo

, o
nd

e 
s

ão
 co

letad
o

s
.

5
) O

nd
as

 gravitacio
nais

 (v
e

r t
u

im
p

 1
8

): 
p

revis
tas

 p
o

r E
ins

tein e d
etectad

as
 

em
 2

0
1

5
.
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á

b
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h
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 C
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b
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 t
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a
p
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e
n

t
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d
o

s
 n

e
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t
e

 livrin
h
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vis
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e
 h

t
t

p
://w

w
w

.t
u

im
p

.o
rg

  

O
 U

n
iv

e
r
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 n

o
 m

e
u

 b
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º
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N
r

 1

Im
a

g
e

m
 d

a
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a
p

a
: C

h
u

v
a

 d
e

 m
e

t
e

o
ro

s
 

c
o

n
h

e
c

id
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 c
o

m
o

 P
e

rs
e

id
a

s
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a

 d
a

 
T

e
rra

 c
ru

z
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g

u
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e

n
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e
 o
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a
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 d
e

 
d
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s
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. E
s

s
e

s
 

g
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 d
e
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e
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u

it
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u

m
e

ro
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o
s

 
e

n
t

ra
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m
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s
fe
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 e
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 g
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s
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in
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a
m

-s
e

 e
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a
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c
e

m
 v

ir d
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e

s
m

a
 

d
ire

ç
ã

o
. A

 d
e
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g

o
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t
o

 p
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o
n

s
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e
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 d
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T
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i d
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s
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t
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 d
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a
ris

 
e

 d
o

 C
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 re

v
is

a
d

o
 p

o
r G
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n
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é
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e
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u
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s
 g

a
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s
s

im
 

c
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m
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s
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