
M

a
p
p
in
g

t
h
e

In
n
e
r
Z
o
d
ia
c
a
l
L
ig
h
t
w
it
h

C
le
m

e
n
t
in
e

Jo
sep
h
M
.
H
a
h
n

L
u
n
ar
a
n
d
P
la
n
etary
In
stitu
te

H
erb
ert
A
.
Z
o
o
k

Jo
h
n
so
n
S
p
a
ce
C
en
ter

B
o
n
n
ie
C
o
o
p
er

O
cea
n
eerin
g
S
p
a
ce
S
ystem
s

B
h
a
skar
S
u
n
kara

L
u
n
ar
a
n
d
P
la
n
etary
In
stitu
te

M
arch
1
1
,
2
0
0
1



In
tro
d
u
ctio
n

T
h
e
zo
d
ia
ca
l
lig
h
t
is
th
e
su
n
lig
h
t
th
a
t
is
re
ected
b
y
in
terp
la
n
etary
d
u
st.

T
h
is
d
i�
u
se
b
a
n
d
o
f
lig
h
t
is
o
f
co
n
sid
era
b
le
scien
ti�
c
in
terest,
n
o
t
ju
st
b
eca
u
se

its
larg
e
exten
t
a
ctu
a
lly
m
a
kes
it
th
e
m
o
st
lu
m
in
o
u
s
co
m
p
o
n
en
t
o
f
o
u
r
p
la
n
etary

system
,
b
u
t
a
lso
b
eca
u
se
its
lig
h
t
d
istrib
u
tio
n
u
p
o
n
th
e
sk
y
is
in
d
ica
tive
o
f
th
e

sp
a
tia
l
d
istrib
u
tio
n
o
f
d
u
st
th
ro
u
g
h
o
u
t
th
e
so
lar
system
.
In
ord
er
to
a
sses
th
is
d
u
st

d
istrib
u
tio
n
,
n
u
m
ero
u
s
o
b
serva
tio
n
s
h
a
ve
m
ea
su
red
th
e
b
rig
h
tn
ess
o
f
th
e
zo
d
ia
ca
l

lig
h
t
o
n
vario
u
s
p
arts
o
f
th
e
sk
y.
M
o
st
n
o
ta
b
le
are
th
e
in
frared
o
b
serva
tio
n
s
b
y
th
e

IR
A
S
a
n
d
C
O
B
E
sp
a
cecra
ft
w
h
ich
h
a
ve
p
ro
d
u
ced
fa
irly
co
m
p
lete
m
a
p
s
o
f
th
e
o
u
ter

zo
d
ia
ca
l
lig
h
t
(e.g
,
ra
d
ia
tio
n
fro
m

d
u
st
exterior
to
E
arth
's
orb
it
a
b
o
u
t
th
e
S
u
n
).

H
ow
ever
m
a
p
s
o
f
th
e
in
n
er
zo
d
ia
ca
l
lig
h
t
are
g
en
era
lly
less
co
m
p
reh
en
sive.
T
h
is

is
p
artly
d
u
e
to
th
e
d
iÆ
cu
lty
o
f
o
b
servin
g
tow
ard
s
th
e
S
u
n
fro
m
th
e
g
ro
u
n
d
,
sin
ce

su
n
lig
h
t
sca
ttered
b
y
th
e
a
tm
o
sp
h
ere
ten
d
s
to
m
a
sk
th
e
fa
in
t
zo
d
ia
ca
l
lig
h
t
a
n
d

co
n
ta
m
in
a
te
th
e
resu
lt,
even
w
h
en
o
b
servin
g
fro
m
a
ircra
ft
or
d
u
rin
g
eclip
se.

H
ow
ever
th
is
situ
a
tio
n
im
p
ro
ved
co
n
sid
era
b
ly
w
h
en
th
e
C
lem
en
tin
e
sp
a
cecra
ft

u
sed
its
star
tra
cker
ca
m
era
to
im
a
g
e
th
e
zo
d
ia
ca
l
lig
h
t.
C
lem
en
tin
e
orb
ited
th
e

M
o
o
n
for
a
b
o
u
t
tw
o
m
o
n
th
s
in
early
1
9
9
4
,
o
sten
sib
ly
to
stu
d
y
th
e
lu
n
ar
su
rfa
ce.

B
u
t
a
seco
n
d
ary
o
b
jective
o
f
th
is
m
issio
n
w
a
s
to
im
a
g
e
th
e
zo
d
ia
ca
l
lig
h
t
u
sin
g

C
lem
en
tin
e's
w
id
e-a
n
g
le
n
a
vig
a
tio
n
ca
m
era
.
U
sin
g
th
e
M
o
o
n
to
eclip
se
th
e
S
u
n
,
th
e

star
tra
cker
ca
m
era
rep
ea
ted
ly
im
a
g
ed
th
e
zo
d
ia
ca
l
lig
h
t
fro
m
th
e
vicin
ity
o
f
V
en
u
s'



orb
it
d
ow
n
to
a
b
o
u
t
7
so
lar
ra
d
ii;
in
sid
e
o
f
th
is
d
ista
n
ce
th
e
zo
d
ia
ca
l
lig
h
t
sa
tu
ra
ted

th
e
ca
m
era
's
C
C
D
d
etector.
H
u
n
d
red
s
o
f
su
ch
im
a
g
es
w
ere
a
cq
u
ired
o
ver
a
b
ro
a
d

visu
a
l
b
a
n
d
sp
a
n
n
in
g
w
a
velen
g
th
s
o
f
0
.4
to
1
.1
�
m
d
u
rin
g
C
lem
en
tin
e's
7
1
d
ays
in

orb
it
a
b
o
u
t
th
e
M
o
o
n
,
a
n
d
a
sa
m
p
le
im
a
g
e
is
sh
ow
n
in
F
ig
u
re
1
.

A
lth
o
u
g
h
th
e
M
o
o
n
su
b
ten
d
s
a
w
id
e
sw
a
th
o
f
th
e
zo
d
ia
ca
l
lig
h
t
in
ea
ch
im
a
g
e,

typ
ica
lly
�

2
0
Æ,
it
b
lo
cked
d
i�
eren
t
p
arts
o
f
th
e
zo
d
ia
ca
l
lig
h
t
in
im
a
g
es
a
cq
u
ired

a
t
d
i�
eren
t
tim
es
d
u
e
to
th
e
rela
tive
m
o
tio
n
s
o
f
th
e
sp
a
cecra
ft,
th
e
M
o
o
n
,
a
n
d
th
e

S
u
n
.
C
o
n
seq
u
en
tly,
w
e
ca
n
co
m
b
in
e
th
e
in
d
ivid
u
a
l
im
a
g
es
to
form

a
co
n
sid
era
b
ly

larg
er
S
u
n
-cen
tered
m
a
p
o
f
th
e
zo
d
ia
ca
l
lig
h
t,
sh
ow
n
in
F
ig
u
re
2
.



T
h
e
D
en
sity
o
f
In
terp
la
n
eta
ry
D
u
st

T
h
e
su
rfa
ce
b
rig
h
tn
ess
o
f
th
e
zo
d
ia
ca
l
lig
h
t
co
n
stra
in
s
b
o
th
th
e
a
lb
ed
o
p
a
n
d

th
e
cro
ss{
sectio
n
a
l
d
en
sity
�
o
f
in
terp
la
n
etary
d
u
st.
If
it
is
a
ssu
m
ed
th
a
t
th
e
d
u
st

cro
ss{
sectio
n
a
l
d
en
sity
h
a
s
a
zim
u
th
a
l
sym
m
etry
a
n
d
a
lso
varies
ra
d
ia
lly
a
s
a
p
ow
er

law
,
th
en
w
e
ca
n
w
rite

�
(r;z
)
=
�
1 �
rr

1 �
�
�

h
(z
=
r
)

(1
)

w
h
ere
r
is
th
e
h
elio
cen
tric
d
ista
n
ce,
r
1
=
1
A
U
is
a
referen
ce
d
ista
n
ce,
�
1
=
�
(r
1 ;0
)

is
th
e
d
u
st
cro
ss{
sectio
n
a
l
d
en
sity
in
th
e
eclip
tic
a
t
r
1
=
1
A
U
,
a
n
d
h
(z
=
r
)
d
escrib
es

h
ow
th
e
d
u
st{
d
en
sity
fa
lls
o
�
w
ith
d
ista
n
ce
z
fro
m
th
e
d
u
st
m
id
p
la
n
e.
T
h
e
su
rfa
ce

b
rig
h
tn
ess
Z
o
f
th
e
su
n
lig
h
t
re
ected
b
y
th
is
d
u
st
is
th
u
s
th
e
d
u
st
su
rfa
ce
area
�

its
re
ected
lig
h
t{
sca
tterin
g
fu
n
ctio
n
in
teg
ra
ted
a
lo
n
g
th
e
lin
e{
o
f{
sig
h
t:

Z
(";�
)
=

�
1 r
1

sin
�
+
1("
)

p�
B
�


� Z

�
"

 
(�
�

�
)h
(z
=
r
)
sin
�
(�
)d
�

(2
)

w
h
ere
(";�
)
are
th
e
(elo
n
g
a
tio
n
,
la
titu
d
e)
o
f
th
e
lin
e{
o
f{
sig
h
t,
B
�

is
th
e
m
ea
n

su
rfa
ce
b
rig
h
tn
ess
o
f
th
e
S
u
n
,


�

is
th
e
so
lid
a
n
g
le
o
f
th
e
so
lar
d
isk
,
 
is
th
e
d
u
st

p
h
a
se
law
,
�
is
th
e
sca
tterin
g
a
n
g
le,
a
n
d
z
=
r
is
a
fu
n
ctio
n
o
f
";�
,
a
n
d
�
.



W
e
sh
a
ll
a
d
o
p
t
th
e
em
p
irica
l
p
h
a
se
law

 
(�
�

�
)
=
e
�
K
(�
�
�
)
stera
d
ia
n
s
�
1

(3
)

w
ith
K

=
0
:7
7
,
w
h
ich
h
a
s
b
een
sh
ow
n
�
t
o
th
er
zo
d
ia
ca
l
lig
h
t
o
b
serva
tio
n
s
a
cq
u
ired

o
ver
a
w
id
e
ra
n
g
e
o
f
elo
n
g
a
tio
n
a
n
g
les
(Z
o
o
k
a
n
d
K
essler
1
9
6
8
).

R
a
d
ia
l
V
a
ria
tio
n
s

If
w
e
co
n
sid
er
a
lin
e{
o
f{
sig
h
t
in
th
e
eclip
tic,
h
(z
=
r
=
0
)
=
1
a
n
d
th
e
in
teg
ra
l

in
E
q
.
(2
)
eva
lu
a
tes
to
'

0
:5
7
stera
d
ia
n
s
�
1

for
th
e
ra
n
g
e
o
f
elo
n
g
a
tio
n
s
"
<
3
0
Æ

co
n
sid
ered
h
ere.
T
h
e
zo
d
ia
ca
l
lig
h
t
su
rfa
ce
b
rig
h
tn
ess
Z
(";0
)
th
en
h
a
s
a
sim
p
le

p
ow
er{
law
d
ep
en
d
en
ce
u
p
o
n
sin
("
):

Z
(";0
)
'

1
:2
�

1
0
�
5
p
�
1 r
1 B
�

sin
�
+
1("
) :

(4
)

T
h
e
o
b
served
eclip
tic
su
rfa
ce
b
rig
h
tn
ess
Z
(";0
)
is
p
lo
tted
in
F
ig
u
re
3
.,
w
h
ich

d
em
o
n
stra
tes
th
a
t
th
e
zo
d
ia
ca
l
lig
h
t's
m
id
p
la
n
e
d
o
es
in
d
eed
vary
a
s
a
sin
g
le
p
ow
er

law
Z
(";0
)
=
2
:3
�

1
0
�
1
3B

�
=
sin
�
+
1("
)
w
ith
�
=
1
:4
3
�

0
:0
5
.
C
o
m
p
ariso
n
w
ith

E
q
.
(4
)
th
u
s
p
ro
vid
es
a
co
n
stra
in
t
o
n
th
e
d
u
st{
d
en
sity
�

a
lb
ed
o
:
p
�
1 r
1
=
1
:9
�

1
0
�
8.



V
e
rtica
l
V
a
ria
tio
n
s

T
o
extra
ct
th
e
d
u
st
vertica
l
d
istrib
u
tio
n
,
w
e
m
u
st
ch
o
o
se
a
fu
n
ctio
n
a
l
form

for
h
(z
)
a
n
d
in
teg
ra
te
E
q
.
(2
)
n
u
m
erica
lly.
W
e
a
d
o
p
t
th
e
fu
n
ctio
n

h
(z
=
r
)
=
e
�
k
1
j
s
in
(z
=
r
)j
k
2;

(5
)

a
form
th
a
t
is
q
u
ite
co
m
m
o
n
in
th
e
zo
d
ia
ca
l
lig
h
t
litera
tu
re
(Z
o
o
k
a
n
d
K
essler
1
9
6
8
,

L
ein
art
1
9
7
5
).

F
ig
u
re
4
.
sh
ow
s
a
�
t
o
f
th
e
m
o
d
el
to
th
e
o
b
served
zo
d
ia
ca
l
lig
h
t
iso
p
h
o
tes.

T
h
e
m
o
d
el's
vertica
l
p
ara
m
eters
are
k
1

=

1
:1
5
�

0
:1
a
n
d
k
2

=

1
:4
0
�

0
:1
.

It

sh
o
u
ld
b
e
n
o
ted
th
a
t
w
e
h
a
ve
n
o
t
yet
exp
lored
a
ltern
a
te
form
s
for
th
e
d
u
st
vertica
l

d
istrib
u
tio
n
,
E
q
.
(5
),
so
th
e
u
n
iq
u
en
ess
o
f
th
is
�
t
is
u
n
certa
in
.
F
ro
m

th
is
�
t,
w
e

sh
a
ll
d
erive
th
e
in
clin
a
tio
n
d
istrib
u
tio
n
(or
d
istrib
u
tio
n
s)
for
th
e
in
terp
la
n
etary
d
u
st

co
m
p
lex,
w
h
ich
w
ill
h
o
p
efu
lly
p
ro
vid
e
a
n
in
d
ica
tor
o
f
th
e
rela
tive
im
p
orta
n
ce
o
f
th
e

vario
u
s
so
u
rces
o
f
th
is
d
u
st
(e.g
.,
low
{
in
clin
a
tio
n
a
stero
id
s
a
n
d
/
or
h
ig
h
{
in
clin
a
tio
n

co
m
ets?).



P
relim
in
a
ry
F
in
d
in
g
s

�

U
sin
g
th
e
M
o
o
n
to
o
ccu
lt
th
e
S
u
n
,
th
e
C
lem
en
tin
e
sp
a
cecra
ft
u
sed
its
w
id
e{

a
n
g
le
n
a
vig
a
tio
n
ca
m
era
s
to
im
a
g
e
th
e
in
n
er
zo
d
ia
ca
l
lig
h
t
o
ver
elo
n
g
a
tio
n
s
o
f

2
Æ
� <
"
� <
3
0
Æ.
T
h
is
yield
ed
th
e
�
rst
co
m
p
reh
en
sive
m
a
p
o
f
th
e
in
n
er
zo
d
ia
ca
l
lig
h
t

(sh
ow
n
in
F
ig
u
re
2
.)
o
b
ta
in
ed
u
sin
g
a
m
o
d
ern
C
C
D
{
b
a
sed
ca
m
era
.

�

A
co
m
p
ariso
n
o
f
th
e
o
b
served
eclip
tic
su
rfa
ce
b
rig
h
tn
ess
(F
ig
u
re
3
.)
to
th
eory

[E
q
.
(4
)]
sh
ow
s
th
a
t
th
e
in
terp
la
n
etary
d
u
st
d
en
sity
fa
lls
o
�
w
ith
h
elio
cen
tric

d
ista
n
ce
r
a
s
r
�
1
:4
3
�
0
:0
5.

�

T
h
e
iso
p
h
o
tes
o
f
th
e
zo
d
ia
ca
l
lig
h
t
are
co
n
sisten
t
w
ith
th
e
vertica
l
d
istrib
u
tio
n

g
iven
in
E
q
.
(5
)
w
ith
th
e
p
ara
m
eters
k
1
=
1
:1
5
�

0
:1
a
n
d
k
2
=
1
:4
0
�

0
:1
.
T
h
is

d
istrib
u
tio
n
w
ill
b
e
in
verted
to
extra
ct
th
e
in
clin
a
tio
n
d
istrib
u
tio
n
o
f
th
ese
d
u
st

g
ra
in
s.
H
ow
ever
th
e
u
n
iq
u
en
ess
o
f
th
is
so
lu
tio
n
is
still
u
n
k
n
ow
n
.



�

T
h
e
d
u
st
a
lb
ed
o
p
�

th
e
d
u
st
cro
ss{
sectio
n
a
l
d
en
sity
�
1

a
t
r
1

=

1
A
U
o
b
eys

p
�
1
'

1
:3
�

1
0
�
2
1
cm
�
1.

{

If
w
e
a
ssu
m
e
a
ch
ara
cteristic
a
stero
id
a
l
a
lb
ed
o
o
f
p
'

0
:0
8
,
th
e
d
u
st
cro
ss{

sectio
n
a
l
d
en
sity
is
�
1

'

1
:6
�

1
0
�
2
0

cm
2/
cm
3,
w
h
ich
a
lso
a
g
rees
w
ith

m
ea
su
rem
en
ts
o
f
d
u
st
im
p
a
cts
u
p
o
n
sp
a
cecra
ft
(Z
o
o
k
e
t
a
l.
1
9
7
0
).

{

M
o
st
o
f
th
is
cro
ss{
sectio
n
is
co
n
trib
u
ted
b
y
g
ra
in
s
h
a
vin
g
ra
d
ii
R
�

3
0
�
m

(Z
o
o
k
e
t
a
l.
1
9
7
0
),
so
th
e
n
u
m
b
er{
d
en
sity
o
f
th
ese
g
ra
in
s
is
n
�

�
1 =
�
R
2
�

6
�

1
0
�
1
6

cm
�
3

w
h
ich
h
a
ve
a
m
a
ss{
d
en
sity
o
f
�

4
�
�
R
3n
=
3
�

1
�

1
0
�
2
2

g
m
/
cm
3

a
ssu
m
in
g
a
d
u
st
b
u
lk
{
d
en
sity
o
f
�
�

2
g
m
/
cm
3.
It
sh
o
u
ld
b
e
n
o
ted

th
a
t
th
is
m
a
ss{
d
en
sity
estim
a
te
is
a
low
er
lim
it
sin
ce
th
ese
o
b
serva
tio
n
s
are

ra
th
er
in
sen
sitive
to
rare
g
ra
in
s
th
a
t
m
ay
b
e
co
n
sid
era
b
ly
larg
er
th
a
n
R
�

3
0

�
m
th
a
t
m
ay
co
n
trib
u
te
very
little
o
p
tica
l
d
ep
th
yet
m
ay
still
carry
co
n
sid
era
b
le

m
a
ss.



P
rep
rin
t
R
eq
u
ests



R
eferen
ces

L
ein
art,
C
.
1
9
7
5
,
Z
o
d
ia
ca
l
lig
h
t|
a
m
ea
su
re
o
f
th
e
in
terp
la
n
etary
en
viro
n
m
en
t.

S
p
a
ce
S
c
ie
n
ce
R
e
v
ie
w
s,
1
8
,
2
8
1
.

Z
o
o
k
,
H
.
A
.
a
n
d
D
.
J.
K
essler,
1
9
6
8
,
In
terp
la
n
etary
d
u
st:
th
e
zo
d
ia
ca
l
lig
h
t
a
n
d

m
eteoro
id
m
ea
su
rem
en
ts.
O
A
R
T
{
O
S
S
A
M
e
teo
ro
id
E
n
v
iro
n
m
e
n
t
W
o
rk
sh
o
p
,
3
5
5
.

Z
o
o
k
,
H
.
A
.,
R
.
E
.
F
la
h
erty,
a
n
d
D
.
J.
K
essler,
1
9
7
0
,
M
eteoro
id
im
p
a
ct
o
n
th
e

G
em
in
i
w
in
d
ow
s,
P
la
n
e
t.
S
p
a
ce
S
c
i.,
1
8
,
9
5
3
.



F
ig
u
re
1
.
A
sa
m
p
le
im
a
g
e
o
f
th
e
zo
d
ia
ca
l
lig
h
t
o
b
served
b
y
th
e
C
lem
en
tin
e
startra
cker
ca
m
era
.
T
h
e

�
eld
is
4
5
Æ

�

3
0
Æ

w
id
e
w
ith
eclip
tic
n
orth
a
n
d
ea
st
b
ein
g
u
p
a
n
d
left.
T
h
e
S
u
n
is
tw
o
d
eg
rees
b
eh
in
d

th
e
lu
n
ar
h
orizo
n
,
a
n
d
a
sa
tu
ra
ted
V
en
u
s
is
th
e
b
rig
h
t
o
b
ject
left
o
f
th
e
M
o
o
n
.
T
h
e
g
reysca
le
sh
ow
s

th
e
zo
d
ia
ca
l
lig
h
t
via
a
lo
g
arith
m
ic
stretch
a
n
d
th
e
M
o
o
n
via
a
lin
ear
stretch
.



F
ig
u
re
2
.
A
m
o
sa
ic
o
f
six
�
eld
s{
o
f{
view
o
f
th
e
zo
d
ia
ca
l
lig
h
t.
T
h
is
m
erca
to
r
p
ro
jectio
n
is
6
0
Æ

�

5
0
Æ

w
ith
eclip
tic
ea
st
to
th
e
left
a
n
d
eclip
tic
n
orth
u
p
.
T
h
e
far
w
est
�
eld
s
are
th
e
n
o
isiest
d
u
e
to
th
eir

sh
o
rt
in
teg
ra
tio
n
tim
es.
T
h
ese
im
a
g
es
w
ere
a
cq
u
ire
o
ver
a
�
ve
w
eek
in
terva
l,
so
th
e
stars
d
rift
to
th
e

rig
h
t
w
ith
tim
e
a
n
d
so
m
e
p
la
n
ets
a
p
p
ear
a
t
m
u
ltip
le
lo
n
g
itu
d
es.
A
sa
tu
ra
ted
V
en
u
s
lies
a
b
o
u
t
2
0
Æ

ea
st
(left)
o
f
th
e
S
u
n
,
a
n
d
S
a
tu
rn
is
b
arely
d
iscern
ib
le
a
t
a
b
o
u
t
1
2
Æ

w
est.
M
ars
a
p
p
ears
a
t
1
7
Æ

a
n
d

1
9
Æ

w
est,
S
a
tu
rn
a
g
a
in
a
t
2
0
Æ,
a
n
d
M
ercu
ry
a
t
2
8
Æ

w
est.



F
ig
u
re
3
.
T
h
e
su
rfa
ce
b
rig
h
tn
ess
o
f
th
e
zo
d
ia
ca
l
lig
h
t
Z
("
)
versu
s
elo
n
g
a
tio
n
a
n
g
le
"
a
lo
n
g
th
e

eclip
tic
a
n
d
ea
st
o
f
th
e
S
u
n
,
in
u
n
its
are
th
e
m
ea
n
so
lar
b
rig
h
tn
ess
B
�

.
T
h
e
g
rey
cu
rve
is
th
e

p
o
w
er{
law
�
t
Z
("
)
=

2
:3
�

1
0
�

1
3B

�

=
sin
(
�
+
1
)("
)
w
ith
�
+
1
=

2
:4
3
�

0
:0
5
.



F
ig
u
re
4
.
T
h
e
d
ark
cu
rves
are
iso
p
h
o
tes
for
th
e
zo
d
ia
ca
l
lig
h
t
m
a
p
seen
in
F
ig
u
re
1
.
A
d
ja
cen
t

co
n
to
u
rs
d
i�
er
in
b
rig
h
tn
ess
b
y
a
fa
ctor
o
f
2
.
T
h
e
g
rey
cu
rves
are
th
e
m
o
d
el
h
a
vin
g
p
ara
m
eters

p
�
1 r
1

=

1
:9
�

1
0
�

8

a
n
d
a
d
u
st
ra
d
ia
l
p
ow
er{
law
�
=

1
:4
3
a
n
d
k
1

=

1
:1
5
,
a
n
d
k
2

=

1
:4
0
for

th
e
d
u
st
vertica
l
d
istrib
u
tio
n
.


