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n
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h
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t
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h
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U

n
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e
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m
e
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e
?

W
h

e
n
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o

le
c

u
le

s
 in

 S
p

a
c

e
 c

o
llid

e
 

w
it

h
 o

n
e

 a
n

o
t

h
e

r, t
h

e
y

 c
a

n
 b

e
g

in
 t

o
 

ro
t

a
t

e
, v
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ra

t
e

, a
n

d
 b

e
n

d
.  T

h
e

s
e

 
m

o
v

e
m

e
n

t
s

 c
a

n
 p

ro
d

u
c

e
 lig

h
t

, 
u

s
u

a
lly
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re
d
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r m
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w
a

v
e

s
, w

it
h

 
t

h
e

 w
a

v
e

le
n

g
t

h
 o

f t
h

e
 lig

h
t

 b
e

in
g

d
iffe
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n

t
 fo

r e
a

c
h

 m
o

le
c

u
le

. 

P
o

in
t

in
g

 o
u

r t
e

le
s

c
o

p
e

s
 t

o
 t

h
e

 s
k

y
 

a
n

d
 u

s
in

g
 s

p
e

c
t

ro
m

e
t

e
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, w
e

 c
a

n
 

s
e

e
 s

u
b

t
le

 d
e

t
a

ils
 o

f t
h

e
 lig

h
t

, a
n

d
 

w
e

 c
a

n
 d

e
t

e
rm

in
e

 w
h

ic
h

 m
o

le
c

u
le

s
 

a
re

 p
re

s
e

n
t

 in
 d

iffe
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n
t

 c
o

rn
e

rs
 o

f 
t

h
e

 U
n

iv
e

rs
e
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h
o

u
g

h
 w

e
 c

a
n

n
o

t
 s

m
e

ll t
h

e
 

U
n

iv
e

rs
e

 d
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c
t

ly
, w

e
 c

a
n

 im
a

g
in

e
 

w
h

a
t

 it
 m

u
s

t
 s

m
e
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e

 b
y

 
id

e
n

t
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in
g

 t
h

e
 m

o
le

c
u

le
s

 t
h

a
t

 a
re

 
p

re
s

e
n

t
, s

in
c

e
 w

e
 k

n
o

w
 w

h
a

t
 t

h
e

s
e

 
m

o
le

c
u

le
s
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m

e
ll lik

e
 h

e
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n

 E
a

rt
h

.
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e
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s
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a

u
t

s
 s

m
e

llin
g

 fre
s

h
 s

a
m

p
le

s
 o

f 
m

o
o

n
 d

u
s

t
 s

a
y

 t
h

a
t

 it
 s

m
e

lls
 lik

e
 b
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g
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n

 p
o

w
d
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u
t
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h
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n
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h

e
 d

u
s

t
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b
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u

g
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a
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 t

o
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a
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h
, t

h
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u

n
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o
w

d
e

r 
s

m
e
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a
p

p
e
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n
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 k
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h

y
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T
h
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n
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u
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e
 c
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n

s
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t
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f s
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o

n
 

d
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id

e
c

ry
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t
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ic

h
 c
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e

t
e
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e
s

 t
h

a
t
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a

v
e

 c
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s
h

e
d

 o
n

t
o

 t
h

e
 

M
o

o
n
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 s

u
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c
e

 d
u

rin
g
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s

 life
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e
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n
d

 
a

ls
o

 o
f iro

n
, c

a
lc

iu
m

 a
n

d
 m

a
g

n
e

s
iu

m
.  

N
o

n
e

 o
f t

h
e

s
e

 s
m

e
lls

 o
f g

u
n

 p
o

w
d

e
r, 

w
h

ic
h

 is
 m

a
d

e
 o

f p
o

t
a

s
s

iu
m

 n
it

ra
t

e
, 

c
a

rb
o

n
 a

n
d

 s
u

lfu
r.

G
a

la
x

y
 in

t
e

ra
c

t
io

n
s
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 m
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e
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n
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u
p

it
e
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u
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, 

S
a

t
u
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n
d
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p
t

u
n

e
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 c
o

m
e

t
s
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P
/C

h
u
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m
o

v
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e
ra

s
im

e
n

k
o

), 
a

n
d

 in
 t

h
e

 la
rg

e
s

t
 m

o
o

n
 o

f S
a

t
u

rn
 

(T
it

a
n

).  M
e

t
h

a
n

e
 c

a
n

 h
a

v
e

 a
 g

e
o

lo
g

ic
a

l 
o

r a
 b

io
lo

g
ic

a
l o

rig
in

. 

T
h

is
 g

a
s

 is
 o

d
o

rle
s

s
.  D

o
e

s
 t

h
a

t
 

s
u

rp
ris

e
 y

o
u

?
  M

e
t

h
a

n
e

 (lik
e

b
u

t
a

n
e

) 
h

a
s

 n
o

 s
m

e
ll.  In

 fa
c

t
, a

 s
m

a
ll a

m
o

u
n

t
 o

f 
a

 s
m

e
lly

 s
u

b
s

t
a

n
c

e
 is

 a
d

d
e

d
 t

o
 t

a
n

k
s

 
o

f t
h

e
s

e
 g

a
s

e
s

 s
o

 t
h

a
t

 p
e

o
p

le
 c

a
n

 
d

e
t

e
c

t
 le

a
k

s
. 

T
h

e
 n

o
b

le
 g

a
s

e
s

 (h
e

liu
m

, n
e

o
n

, a
rg

o
n

, …
), 

a
n

d
 a

ls
o

 c
a

rb
o

n
 d

io
x

id
e

 a
n

d
 w

a
t

e
r, 

a
re

 o
t

h
e

r m
o

le
c

u
le

s
 t

h
a

t
 h

a
v

e
 n

o
 o

d
o

r.

S
o

d
iu

m
 is

 p
re

s
e

n
t

 in
 t

h
e

 a
t

m
o

s
p

h
e

re
 

o
f t

h
e

 e
x

o
p

la
n

e
t
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D

1
8

9
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3
3

b
.

It
 h

a
s

 
n

o
 s

m
e

ll, b
u

t
 it

 b
u

rn
s

 t
h

e
 m

u
c

o
u

s
 

m
e

m
b

ra
n

e
s

 o
f o

u
r n

o
s

e
s

, c
a

u
s

in
g

  
t

e
rrib

le
 p

a
in

.
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J
u

p
it

e
r is

 a
n

 in
t

e
re

s
t

in
g

 c
a

s
e

: it
s

 o
d

o
r 

c
h

a
n

g
e

s
 la

y
e

r b
y

 la
y

e
r. 

T
h

e
 o

u
t

e
r la

y
e

rs
 w

o
u

ld
 s

m
e

ll o
f ro

t
t

in
g

 
fis

h
, b

e
c

a
u

s
e

 a
m

m
o

n
ia

m
o

le
c

u
le

s
 a

re
 

a
b

u
n

d
a

n
t

. 

M
o

v
in

g
 in

w
a

rd
, t

h
e

 fis
h

 s
m

e
ll w

o
u

ld
 m

ix
 

w
it

h
 t

h
a

t
 o

f ro
t

t
e

n
 e

g
g

s
, b

e
c

a
u

s
e

 
h

y
d

ro
g

e
n

 s
u

lfid
e

is
 a

ls
o

 p
re

s
e

n
t

. 

F
in

a
lly

, w
e

 w
o

u
ld

 d
e

t
e

c
t

 t
h

e
 s

m
e

ll o
f 

b
it

t
e

r a
lm

o
n

d
s

, a
ris

in
g

 fro
m

 h
y

d
ro

g
e

n
 

c
y

a
n

id
e

. 

T
h

e
re

 w
o

u
ld

 a
ls

o
 b

e
 a

 s
m

e
ll o

f g
a

rlic
 

b
e

c
a

u
s

e
 o

f t
h

e
 p

re
s

e
n

c
e

 o
f p

h
o

s
p

h
in

e
 in

 
t

h
is

 g
ia

n
t

 p
la

n
e

t
.
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ig

h
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a
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u
p

it
e
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c
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a

t
e

d
 fro

m
 d
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t
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 t

a
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e
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b

y
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h
e
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o

y
a

g
e

r s
p

a
c

e
c
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ft
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. T
h

e
 c

o
lo

rs
 h

a
v

e
 

b
e

e
n

 m
o

d
ifie

d
 t

o
 b

rin
g

 o
u

t
  

t
h

e
 d

e
t

a
ile

d
 s

t
ru

c
t

u
re

.

L
e

ft
:

A
n

 a
rt

is
t

ic
re

p
re

s
e

n
t

a
t

io
n

o
f  J

u
p

it
e

r’s
a

t
m

o
s

p
h

e
re

,  b
y

 D
o

n
 D

ix
o

n
.
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F
ro

m
 le

ft
 t

o
 r

ig
h

t
:h

y
d

ro
g

e
n

 s
u

lf
id

e
, 

c
a

rb
o

n
y

l s
u

lf
id

e
, a

m
m

o
n

ia
, p

h
o

s
p

h
in

e
 a

n
d

 
e

t
h

a
n

e
t

h
io

l. 
T

h
e

 f
ir

s
t

 t
w

o
 s

m
e

ll 
o

f 
ro

t
t

e
n

 
e

g
g

s
 a

n
d

 m
a

n
u

re
, r

e
s

p
e

c
t

iv
e

ly
.  

In
 h

ig
h

 
c

o
n

c
e

n
t

ra
t

io
n

s
 t

h
e

y
 c

a
n

 c
a

u
s

e
 n

a
u

s
e

a
, 

e
y

e
 ir

ri
t

a
t

io
n

, a
n

d
 e

v
e

n
 le

a
d

 t
o

 r
e

s
p

ir
a

t
o

ry
 

c
o

lla
p

s
e

.  
A

m
m

o
n

ia
 s

m
e

lls
 o

f 
d

e
c

a
y

in
g

 f
is

h
, 

w
h

ile
 p

h
o

s
p

h
in

e
 s

m
e

lls
 o

f 
g

a
rl

ic
, a

n
d

 
e

t
h

a
n

e
t

h
io

l h
a

s
 a

 m
o

s
t

 r
e

p
u

g
n

a
n

t
 s

m
e

ll:
 a

 
m

ix
t

u
re

 o
f 

g
a

rl
ic

, o
n

io
n

, l
e

e
k,

 a
n

d
 b

o
ile

d
 c

a
b

b
a

g
e

. 

T
h

e
s

e
 m

o
le

c
u

le
s

 h
a

v
e

 b
e

e
n

 f
o

u
n

d
 in

 v
e

ry
 

d
iv

e
rs

e
 p

la
c

e
s

 t
h

ro
u

g
h

o
u

t
 t

h
e

 U
n

iv
e

rs
e

, 
in

c
lu

d
in

g
 p

la
n

e
t

s
, s

t
a

r-
fo

rm
in

g
 c

lo
u

d
s

, 
a

n
d

 c
o

m
e

t
s

.

A
b

o
v

e
: A

L
M

A
, i

n
 t

h
e

 A
t

a
c

a
m

a
 d

e
s

e
rt

 o
f 

C
h

il
e

. 
T

h
e

s
e

 a
n

t
e

n
n

a
s

 c
a

p
t

u
re

m
ill

im
e

t
e

r-
w

a
v

e
 li

g
h

t
, a

n
d

 c
a

n
 d

e
t

e
c

t
m

o
le

c
u

le
s

 in
 

S
p

a
c

e
. 

G
a

la
x

y
 in

t
e

ra
c

t
io

n
s

O
u

r 
n

o
s

e
s

 n
e

e
d

 a
 m

in
im

u
m

 n
u

m
b

e
r 

o
f 

m
o

le
c

u
le

s
 t

o
 d

e
t

e
c

t
 o

d
o

rs
.

D
e

n
s

it
ie

s
 (

n
u

m
b

e
r 

o
f 

p
a

rt
ic

le
s

 p
e

r 
u

n
it

 v
o

lu
m

e
) 

in
 t

h
e

 U
n

iv
e

rs
e

  a
re

 o
ft

e
n

 
s

ig
n

if
ic

a
n

t
ly

 lo
w

e
r 

t
h

a
n

 t
h

o
s

e
 o

n
 t

h
e

 
E

a
rt

h
. 

T
o

 h
a

v
e

 t
h

e
 s

a
m

e
 n

u
m

b
e

r 
o

f 
m

o
le

c
u

le
s

, w
e

 w
o

u
ld

 n
e

e
d

 a
 m

u
c

h
 

la
rg

e
r 

v
o

lu
m

e
 o

f 
t

h
e

 U
n

iv
e

rs
e

 t
h

a
n

 
w

e
 n

e
e

d
 o

n
 E

a
rt

h
, a

n
d

 t
h

e
re

fo
re

 w
e

 
w

o
u

ld
 n

e
e

d
 a

 m
u

c
h

 la
rg

e
r 

n
o

s
e

 f
o

r 
t

h
e

 m
o

le
c

u
le

s
 t

o
 e

n
t

e
r 

in
t

o
. 

A
c

c
o

rd
in

g
 t

o
 M

e
x

ic
a

n
 a

s
t

ro
n

o
m

e
r 

D
a

n
ie

l T
a

fo
y

a
, t

o
 b

e
 a

b
le

 t
o

 s
m

e
ll

 
t

h
e

 a
m

m
o

n
ia

 in
 t

h
e

 O
ri

o
n

-K
L

 c
lo

u
d

, 
w

e
 w

o
u

ld
 n

e
e

d
 t

o
 b

e
1

1
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 k
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ll
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a
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t
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p
o
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n
 b

e
t

w
e

e
n

 n
o

s
e

 
s

iz
e

a
n

d
 h

e
ig

h
t

).

1
3

D
o

e
s

 t
h

e
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n
iv

e
rs

e
 r

e
a

lly
 s

m
e

ll?

W
h

a
t

 d
o

 t
h

e
s

e
 

o
b

je
c

t
s

 s
m

e
ll

 li
k

e
?

Q
u

iz

A
n

s
w

e
rs

 o
n

 t
h

e
 b

a
c

k

G
lo

ri
a

 D
e

lg
a

d
o

 
In

g
la

d
a

In
s

t
it

u
t

o
 d

e
 

A
s

t
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n
o
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, 
U

N
A

M
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é
x
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o
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o
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T
h
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iv

e
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 m
y

 P
o

c
k

e
t

T
h

e
 s

m
e
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f 

t
h

e
 

U
n

iv
e

rs
e

+
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T
h

e
 s

e
n

s
e

 o
f s

m
e

ll, lik
e

 t
h

a
t

 o
f 

t
a

s
t

e
, is

 c
h

e
m

ic
a

l in
 n

a
t

u
re

, b
u

t
 it

 
a

c
t

s
 a

t
 g

re
a

t
e

r d
is

t
a

n
c

e
s

: it
 is

 
e

a
s

ie
r t

o
 s

m
e

ll s
o

m
e

t
h

in
g

 t
h

a
n

 it
 is

 
t

o
 t

a
s

t
e

 it
. 

T
h

e
 m

o
le

c
u

le
s

 t
h

a
t

 flo
a

t
 t

h
ro

u
g

h
 

t
h

e
a

ir a
rriv

e
 a

t
 o

u
r n

a
s

a
l p

a
s

s
a

g
e

s
 

a
n

d
 a

re
 a

b
s

o
rb

e
d

 b
y

 t
h

e
 m

u
c

o
u

s
 

m
e

m
b

ra
n

e
s

. A
t

 t
h

e
 t

o
p

 o
f o

u
r n

a
s

a
l 

p
a

s
s

a
g

e
s

 t
h

e
re

 is
 o

lfa
c

t
o

ry
 e

p
it

h
e

liu
m

 
t

is
s

u
e

,w
h

o
s

e
 s

e
n

s
o

ry
 re

c
e

p
t

o
rs

a
re

 
s

im
ila

r t
o

 t
a

s
t

e
 b

u
d

s
. 

T
h

e
s

e
 c

e
lls

 a
re

 a
c

t
iv

a
t

e
d

 w
h

e
n

 o
d

o
r 

m
o

le
c

u
le

s
 re

a
c

h
t

h
e

m
, a

n
d

 t
h

e
y

 
t

ra
n

s
m

it
 in

fo
rm

a
t

io
n

 t
o

 t
h

e
 

o
lfa

c
t

o
ry

 b
u

lb
s

, w
h

ic
h

 s
e

n
d

 m
e

s
s

a
g

e
s

 
d

ire
c

t
ly

 t
o

 t
h

e
 b

ra
in

. W
h

e
n

 t
h

e
s

e
 

s
ig

n
a

ls
 a

rriv
e

 a
t

 t
h

e
 b

ra
in

, t
h

e
y

 c
a

n
 

s
t

im
u

la
t

e
 e

m
o

t
io

n
s

 a
n

d
 m
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