
T
h

e
 im

p
o

rta
n

c
e
 o

f th
e
 n

u
c
le

u
s
 

ro
ta

tio
n

 o
n

 th
e
 s

iz
e
 o

f th
e
 d

u
s
t p

a
rtic

le
 

e
je

c
te

d
 fro

m
 c

o
m

e
ts

 

A
. M

o
lin

a, F
. M

o
ren

o
, an

d
 F

.J. Jim
én

ez-F
ern

án
d
ez 

 A
b
stra

ct   
D

u
st 

p
articles 

attach
ed

 
o
n
 
th

e 
n
u
cleu

s 
su

rface 
can

 
b
e 

d
rag

g
ed

 
b
y
 
co

m
etary

 
g
as 

an
d
, 

so
m

etim
es, 

th
ese 

p
articles 

m
a
y
 

rem
ain

 aro
u
n
d
 th

e co
m

et in
 p

seu
d
o
stab

le o
rb

its. In
 a p

rev
io

u
s w

o
rk

, 

M
o
lin

a et al. (2
0
0
8
), w

e sh
o
w

 th
e eq

u
atio

n
 o

f m
o
tio

n
, in

clu
d
in

g
 

ro
tatio

n
al 

term
s, 

an
d
 
w

e 
estim

ate 
th

e 
m

ax
im

u
m

 
d
iam

eter 
o
f 

a 

co
m

etary
 d

u
st p

article th
at co

u
ld

 b
e lifted

 fro
m

 th
e n

u
cleu

s su
rface. 

T
h
e 

p
u
rp

o
se 

o
f 

th
is 

w
o
rk

 
is 

to
 
an

aly
ze 

th
e 

im
p
o
rtan

ce 
o
f 

th
o
se 

ro
tatio

n
al term

s in
 o

rd
er to

 o
b
tain

 th
e v

alu
es o

f th
e size o

f th
e larg

est 

g
rain

 
ejected

 
fro

m
 
th

e 
n
u
cleu

s. 
W

e 
co

n
sid

er 
a 

stro
n
g
 
su

n
w

ard
 

an
iso

tro
p
y
 em

issio
n
 as rep

o
rted

 b
y
 F

u
lle (1

9
9
7
).  W

e d
iscu

ss th
e 

o
b
tain

ed
 
v
alu

es 
an

d
 
w

e 
m

ak
e 

a 
co

m
p
ariso

n
 
w

ith
 
th

o
se 

o
b
tain

ed
  

u
sin

g
 rad

ar m
easu

rem
en

ts. 

 1
. In

tro
d
u
ctio

n
 

 P
articles attach

ed
 to

 th
e n

u
cleu

s su
rface can

 b
e ejected

 d
u
e to

 th
e 

fo
llo

w
in

g
 fo

rces:  

 a) D
rag

 fo
rce,

D
F �

. T
h
is fo

rce is d
u
e to

 th
e g

as d
rag

, an
d
 it can

 b
e 

d
eriv

ed
 fro

m
 N

av
ier-S

to
k
es eq

u
atio

n
s after su

itab
le assu

m
p
tio

n
s.  

A
. M

o
lin

a   

D
ep

artam
en

to
 d

e F
ísica A

p
licad

a, U
n
iv

ersid
ad

 d
e G

ran
ad

a, F
acu

ltad
 

d
e C

ien
cias, A

v
en

id
a S

ev
ero

 O
ch

o
a s/n

, 1
8
0
7
1
, G

ran
ad

a, S
p
ain

 

F
. M

o
ren

o
 an

d
 F

.J. Jim
én

ez-F
ern

án
d
ez  

In
stitu

to
 d

e A
stro

física d
e A

n
d
alu

cía, C
S
IC

, C
am

in
o
 B

ajo
 d

e H
u
éto

r 

5
0
, 1

8
0
0
8
, G

ran
ad

a, S
p
ain

 



W
e co

n
sid

er rad
ially

-sy
m

m
etric o

u
tg

assin
g
. 

If th
e 

g
as v

elo
city

 is 

assu
m

ed
 to

 b
e co

n
stan

t, d
rag

 fo
rce is 

2
3

(1
3
2
)

D
D

g
g

d
d

F
C

d
m

v
r

r
−

=
�

�
�

, 

W
e co

n
sid

er rad
ially

-sy
m

m
etric o

u
tg

assin
g
. 

If th
e 

g
as v

elo
city

 is 

assu
m

ed
 to

 b
e co

n
stan

t, d
rag

 fo
rce is 

2
3

(1
3
2
)

D
D

g
g

d
d

F
C

d
m

v
r

r
−

=
�

�
�

, 

w
h
ich

 is a p
articu

lar case o
f th

at o
n
e g

iv
en

 b
y
 W

allis (1
9
8
2
), w

h
ere 

C
D
 is th

e d
rag

 co
efficien

t, d
 is th

e d
iam

eter o
f th

e g
rain

, 
g

m �
 is th

e 

g
as lo

ss rate, v
g  is th

e g
as v

elo
city

, an
d
 r

d  is d
istan

ce fro
m

 th
e cen

ter 

o
f th

e n
u
cleu

s to
 th

e d
u
st g

rain
 p

o
sitio

n
.  

  b
) 

G
rav

itatio
n
al 

fo
rce,

G
F �

. 
T
h
is 

fo
rce 

can
 

b
e 

w
ritten

 
as 

3
3

G
d

c
d

d
S

S
S

F
m

M
G
r

r
M

G
r

r
−

−



=

−
+




�
�

�
, b

ein
g
 m

d  th
e d

u
st g

rain
 m

ass, M
c  

th
e co

m
et m

ass, M
S
  th

e S
o
lar m

ass, 
s
r �

 th
e v

ecto
r jo

in
in

g
 th

e cen
tre 

o
f S

u
n
 to

 th
e d

u
st g

rain
 an

d
 G

 th
e u

n
iv

ersal g
rav

itatio
n
al co

n
stan

t. 

c) 
S
o
lar 

rad
iatio

n
 

p
ressu

re 
fo

rce, 
ra
d

F �
. 

In
tro

d
u
cin

g
 

th
e 

d
im

en
sio

n
less p

aram
eter 

β
 as th

e ratio
 o

f th
e rad

iatio
n
 p

ressu
re to

 

th
e 

S
u
n
 

g
rav

itatio
n
al 

fo
rce, 

th
e 

rad
iatio

n
 

p
ressu

re 
b
eco

m
es 

3

ra
d

d
S

S
S

F
m

M
G

r
r

β
−

=
�

�
. 

d
) 

In
ertial 

fo
rces, 

I
F �

. 
In

 
th

is 
w

o
rk

, 
w

e 
u
sed

 
a 

n
u
cleu

s-attach
ed

 

referen
ce sy

stem
 w

ith
 o

rig
in

 at th
e cen

tre o
f th

e co
m

et. O
b
v
io

u
sly

, 

th
is fram

e is n
o
n
 in

ertial an
d
 th

en
 w

e m
u
st co

n
sid

er tw
o
 in

ertial 

fo
rces. O

n
e o

f th
em

 is d
u
e to

 th
e g

rav
itatio

n
al co

m
et attractio

n
 b

y
 

th
e S

u
n
 an

d
 th

e o
th

er is d
u
e to

 th
e ro

tatio
n
 o

f th
e co

m
et (sp

in
). T

h
e 

fin
al 

ex
p
ressio

n
 

o
f 

th
is 

fo
rce 

is 

{
}

3
(

)
2

I
S

d
c

c
d

d
d

F
G
M

m
r

r
m

r
v

−
=

+
Ω

×
×

Ω
+

×
Ω

�
�

�
�

�
�

�
, 

w
h
ere 

Ω �
 

is 
th

e 

n
u
cleu

s an
g
u
lar v

elo
city

 an
d
 

d
v �

 is th
e d

u
st p

article v
elo

city
. H

ere, 

Ω �
 
is 

co
n
sid

ered
 
co

n
stan

t 
w

ith
 
tim

e 
an

d
 
th

erefo
re 

n
o
 
an

g
u
lar 

acceleratio
n
 term

s are in
clu

d
ed

.  

T
h
e m

o
tio

n
 eq

u
atio

n
 can

 b
e w

ritten
 as fo

llo
w

s: 



+
  

  
−

⋅
+

+
  

  
−

=
d

c

c

c
d

c

S

c c
S

d d
c

p
p

g
g

D
d

r
r

r

r
r

r

G
M

r r
G

M
r r

G
M

Q
C

v
m

C

d
t r

d
�

�
�

�
�

�
�

2
3

3
3

2

2
)

(
3

1
6 3

µ
β

β
π

)
Ω

v(
Ω

)·
r·

Ω(
r

Ω
d

d
d

�
�

�
�
�

�
×

+
−

+
2

2
                                                      (1

) 

H
ere, C

p =
 1

.1
9
 1

0
-3 k

g
 m

-2, 
p

Q
 is th

e scatterin
g
 efficien

c
y
 o

f th
e 

g
rain

, µ
 =

 1
-β

,  b
ein

g
 t

 th
e tim

e. T
h
is ex

p
ressio

n
 is sim

ilar to
 th

at 

u
sed

 b
y
 F

u
lle (1

9
9
7
), b

u
t n

o
w

 term
s d

u
e to

 th
e n

u
cleu

s ro
tatio

n
 are 

in
clu

d
ed

.. 
F
ro

m
 
eq

u
atio

n
 
(1

), 
w

e 
o
b
tain

 
an

 
ex

p
ressio

n
 
fo

r 
th

e 

p
article w

ith
 larg

est d
iam

eter th
an

 can
 b

e lifted
 fro

m
 th

e su
rface 

(see, fo
r ex

am
p
le, M

o
lin

a et al. 2
0
0
8
): 

m
ax

2
2

3
1

1
6

D
g

g

d
eff

C
m

v
d

g
R

ρ
π

=
�

                                                                  (2
) 

b
ein

g
 R

 th
e rad

iu
s o

f th
e co

m
etary

 n
u
cleu

s an
d
 g

eff  =
 g
 - W

2R
co
s
2j

 

(g
 is th

e g
rav

ity
 o

f th
e co

m
et an

d
 j

 is th
e latitu

d
e o

n
 th

e su
rface 

p
lace w

h
ere th

e d
u
st p

article is lo
cated

). In
 th

is p
ap

er, w
e are g

o
in

g
 

to
 
sh

o
w

 
th

e 
im

p
o
rtan

ce 
o
f 

in
clu

d
in

g
 
th

e 
ro

tatio
n
al 

term
s 

in
 
th

e 

eq
u
atio

n
 m

o
tio

n
, an

d
, p

articu
larly

, in
 th

e v
alu

es o
b
tain

ed
 fo

r d
m

ax  fo
r 

sev
eral co

m
ets. 

 2
. G

ra
in
 ejectio

n
 fro

m
 C
o
m
et H

a
lley

 

 T
h
e state o

f ro
tatio

n
 o

f H
alle

y
´s co

m
et h

as b
een

 th
e su

b
ject o

f m
an

y
 

w
o
rk

s.  A
n
 ex

p
lan

atio
n
 to

 th
e tw

o
 o

b
serv

ed
 p

erio
d
s is to

 co
n
sid

er 

th
e H

alley
´s n

u
cleu

s to
 b

e in
 a co

m
p
lex

 ro
tatio

n
 state (see M

o
lin

a et 

al. 2
0
0
3
, an

d
 referen

ces th
erein

). In
 an

y
 case, th

e o
b
serv

ed
 ro

tatio
n
 

is slo
w

 en
o
u
g
h
 to

 co
n
sid

er g
eff  ≈

g
 b

ecau
se W

2R
co

s
2j

 á
 g

. T
h
u
s, th

e 

o
b
tain

ed
 v

alu
e o

f d
m

ax  is in
d
ep

en
d
en

t o
f th

e n
u
cleu

s ro
tatio

n
 fo

r th
e 

H
alle

y
´s 

co
m

et, 
an

d
, 

in
 
g
en

eral, 
fo

r 
th

o
se 

co
m

ets 
w

ith
 
ro

tatio
n
 

p
erio

d
s t

 su
ch

 as τ
2
 à

3

n G π

ρ
, b

ein
g
 r

n  th
e d

en
sity

 o
f th

e n
u
cleu

s. 

T
h
en

, th
e v

alu
e o

f d
m

ax  w
ill b

e in
d
ep

en
d
en

t o
f th

e ro
tatio

n
 o

f th
e 

co
m

et w
h
en

 t
2
 à

1
.4

 x
 1

0
1
1 r

n
-1 if th

e in
tern

atio
n
al sy

stem
 o

f u
n
its is 

u
sed

. A
s g

eff  m
u
st b

e p
o
sitiv

e, o
n
ly

 ro
tatio

n
 p

erio
d
s larg

er th
an

 a 



critical p
erio

d
 t

crit =
 

3

n
G

πρ
 are p

o
ssib

le. F
ig

u
re 1

 sh
o
w

s th
e cu

rv
e 

o
f t

crit  fo
r d

ifferen
t v

alu
es o

f n
u
cleu

s d
en

sities. O
n
ly

 th
e v

alu
es o

f 

ro
tatio

n
al 

p
erio

d
 
b
elo

n
g
in

g
 
to

 
th

e 
reg

io
n
 
ab

o
v
e 

th
e 

cu
rv

e 
are 

p
o
ssib

le.   

 

 
F
ig

u
re 

1
. 

C
ritical 

ro
tatio

n
 
p
erio

d
 
v
ersu

s 
d
en

sity
 
o
f 

th
e 

c
o
m

e
tary

 
n
u
cle

u
s. 

T
h
e
 

reg
io

n
 u

n
d
er th

e c
u
rv

e is fo
rb

id
d
en

. 

 W
e d

efin
e th

e p
aram

eter a
 as th

e p
ercen

tu
al relativ

e in
crease in

 d
m

ax  

d
u
e 

to
 

th
e 

n
u
cleu

s 
ro

tatio
n
. 

F
ro

m
 

eq
u
atio

n
 

(2
), 

w
e 

o
b
tain

2

1
1
0
0

1
3 n G

α
ρ

τπ

=

−

, w
h
ich

 is sh
o
w

n
 v

ersu
s co

m
etary

 ro
tatio

n
 

in
 fig

u
re 2

 fo
r a d

en
sity

 ρ
n  =

 1
0
0
0
 k

g
 m

-3.  

      



       

 
F
ig

u
re 2

. P
ercen

tu
al relativ

e in
crease in

 d
m

ax  d
u
e to

 co
m

etary
 ro

tatio
n
 fo

r 1
0
0
0
 k

g
 

m
-3 n

u
cle

u
s d

e
n
sity

. 
 F
ro

m
 th

at cu
rv

e w
e can

 see, fo
r ex

am
p
le, as th

e size o
f th

e larg
est 

ejected
 p

article fro
m

 th
e n

u
cleu

s fo
r co

m
ets ro

tatin
g
 w

ith
 8

 h
o
u
rs 

p
erio

d
 are a 2

0
%

 b
ig

g
er th

an
 fo

r n
o
n
-sp

in
in

g
 co

m
ets.  

A
s 

sh
o
w

n
 
in

 
E
q
u
atio

n
 
2
, 
d

m
ax  

is 
p
ro

p
o
rtio

n
al 

to
 
th

e 
q
u
an

tity
 

g
g

m
v
�

an
d
 th

e g
rain

s w
o
u
ld

 n
o
t b

e lifted
 fro

m
 th

e su
rface fo

r lo
w

 

v
alu

es o
f it. F

u
lle (1

9
9
7
) assu

m
ed

 th
e v

alu
e o

f 1
.5

 1
0

7 k
g
 m

 s
-2 

o
b
tain

ed
 b

y
 K

ran
k
o
w

sk
y
 et al. (1

9
8
6
) fo

r 1
P
/H

alley
. H

o
w

ev
er, if 

th
at v

alu
e is co

n
sid

ered
 in

 th
e in

teg
ratio

n
 o

f th
e eq

u
atio

n
 o

f m
o
tio

n
, 

an
y
 g

rain
 is lifted

 fro
m

 th
e su

rface o
f th

e co
m

et. F
u
lle co

n
sid

ered
 

th
at th

e em
issio

n
 g

rain
s o

f th
e H

alle
y
 n

u
cleu

s is n
o
t an

 iso
tro

p
ic 

em
issio

n
, su

g
g
estin

g
 a stro

n
g
 an

iso
tro

p
y
 to

w
ard

s th
e su

n
 as th

e th
ird

 



ex
p
o
n
en

t o
f co

sin
e o

f th
e zen

ital an
g
le. T

h
en

, th
e v

alu
e o

f th
e g

as 

m
ass flu

x
 m

u
st b

e m
u
ltip

lied
 b

y
 an

 in
teg

ratio
n
 co

n
stan

t.  

 D
u
e to

 th
e u

n
certain

ties o
f th

e w
ater m

o
lecu

les d
en

sity
 (aro

u
n
d
 fifty

 

p
ercen

t) 
d
eriv

ed
 
fro

m
 
th

e 
n
eu

tral 
m

ass 
sp

ectro
m

eter 
ex

p
erim

en
t 

ab
o
ard

 
o
f 

th
e 

G
io

tto
 
sp

acecraft 
(K

ran
k
o
w

sk
y
, 

1
9
8
6
), 

co
n
sid

erin
g
 

v
o
lu

m
e 

m
ix

in
g
 
ratio

s 
fo

r 
H

2 O
, 

C
O

2 , 
N

H
3  

an
d
 
C

H
4 , 

an
d
 
th

e 

u
n
certities o

f th
e g

as ex
p
an

sio
n
 v

elo
city

 m
easu

rem
en

ts, w
e fin

d
 a 

ran
g
e o

f p
o
ssib

le v
alu

es fo
r 

g
g

m
v
�

 fro
m

 5
.0

 1
0

7 to
 3

.1
 1

0
8 k

g
 m

 s
-2. 

T
h
en

, w
e o

b
tain

 v
alu

es o
f 

m
ax

d
b
etw

een
 0

.1
7
 an

d
 1

.0
6
 m

 if d
u
st an

d
 

n
u
cleu

s d
en

sities are eq
u
al to

 1
0
0
0
  k

g
 m

-3. 

 3
. 

C
o
m
p
a
riso

n
 
w
ith

 
d
m
a
x  

v
a
lu
es 

o
b
ta
in
ed
 
fro

m
 
ra
d
a
r
 

m
ea
su
re
m
en
ts. 

 

R
ad

ar o
b
serv

atio
n
s h

av
e in

d
icated

 th
e p

resen
ce o

f larg
e g

rain
s in

 

sev
eral 

co
m

ets 
lo

n
g
 

tim
e 

ag
o
 

(see 
H

arm
o
n
 

et 
al. 

2
0
0
4
, 

an
d
 

referen
ces 

th
erein

). 
H

o
w

ev
er, 

a 
so

lid
 
d
etectio

n
 
o
f 

larg
e 

b
o
u
ld

ers 

fro
m

 rad
ar m

easu
rem

en
ts w

as p
u
b
lish

ed
 b

y
 first tim

e in
 N

o
lan

 et al. 

(2
0
0
6
), 

w
h
o
 
an

aly
zed

 
rad

ar 
m

easu
rem

en
ts 

o
f 

C
o
m

et 
C

/2
0
0
1
 
A

2
 

(L
IN

E
A

R
). 

T
h
ese 

au
th

o
rs 

u
sed

 
a 

g
as-d

rag
 
m

o
d
el 

an
d
 
o
b
tain

ed
 

v
alu

es fo
r a v

elo
city

 
facto

r C
v   fittin

g
 a m

o
d
el to

 rad
ar D

o
p
p
ler 

sp
ectra. T

h
is v

elo
city

 facto
r is 

(
)

2
/

1
4/

3
d

g
D

v
Z
R

v
C

C
ρ

=
 w

h
ere Z

 is 

th
e m

ass g
as flu

x
 at th

e su
rface. T

o
 o

b
tain

 th
e rad

iu
s o

f th
e larg

est 

p
article th

at can
 b

e lift fro
m

 th
e n

u
cleu

s su
rface, a

m
, N

o
lan

 et al. 

(2
0
0
6
) 

u
sed

 
th

e 
ex

p
ressio

n
 

(th
eir 

eq
. 

4
): 

22

9
3

3
2

8

D
g

v
m

n
d

n

C
v
Z

C
a

G
R

G
R

π
ρ

ρ
π

ρ
=

=
. T

h
e
y
 g

o
t a g

o
o
d
 fit to

 th
e sp

ectra 

w
ith

 C
v
 =

 3
6
 cm

1
/2 m

 s
-1. T

h
ey

 assu
m

ed
 r

n
 =

 1
0
0
0
 k

g
 m

-3, r
d
 =

 5
0
0
 

k
g
 m

-3, R
 =

 1
 k

m
, an

d
 tem

p
eratu

re at th
e su

rface T
 =

 2
5
0
 K

. T
h
u
s, 

th
ey

 in
d
icated

 a v
alu

e fo
r Z

 o
f 7

 1
0

-4 g
 cm

2 s
-1 an

d
 a v

alu
e fo

r th
e 

rad
iu

s o
f th

e larg
est g

rain
 th

at can
 b

e lifted
 a

m
 =

 1
0
 m

. H
o
w

ev
er, if 

C
v
 =

 3
6
 cm

1
/2 m

 s
-1 is in

serted
 in

 eq
u
atio

n
 (4

) b
y
 N

o
lan

 et al. (2
0
0
6
), 

o
th

er v
alu

es, in
 fact, are o

b
tain

ed
:  Z

=
1
.6

 1
0

-3 g
 cm

2 s
-1, a

m
 =

 2
3
.2

 m
. 

F
o
r th

e m
o
m

en
t w

e d
o
 n

o
t k

n
o
w

 th
e reaso

n
 o

f su
ch

 d
iscrep

an
c
y
.  

C
o
m

et C
/2

0
0
1
 A

2
 (L

IN
E
A

R
) can

 b
e co

n
sid

ered
 as a fast ro

tato
r 

w
ith

 p
erio

d
 3

 o
r 6

 h
o
u
rs (W

o
o
d
n
ey

 et al. 2
0
0
1
). T

h
en

, th
e in

clu
sio

n
 

o
f 

th
e 

ro
tatio

n
al 

effects 
sh

o
u
ld

 
en

larg
e 

th
e 

estim
ated

 
m

ax
im

u
m

 



rad
iu

s o
f th

e lifted
 p

articles b
y
 a facto

r 1
.4

3
 as th

e ro
tatio

n
 p

erio
d
 is 

6
 h

. T
h
erefo

re, th
e estim

ated
 a

m
 b

y
 N

o
lan

 et al. (2
0
0
6
) sh

o
u
ld

 b
e 

m
o
re th

an
 1

4
 m

.  T
h
e p

erio
d
 o

f 3
 h

 is less th
an

 th
e critical p

erio
d
 as 

can
 b

e sh
o
w

n
 in

 fig
u
re 1

. 

In
 o

rd
er to

 co
m

p
are d

m
ax  v

alu
es o

b
tain

ed
 fro

m
 rad

ar m
easu

rem
en

ts 

w
ith

 
o
th

er 
tech

n
iq

u
es 

w
e 

co
n
sid

er 
th

e 
m

o
lecu

lar 
ab

u
n
d
an

ces 

o
b
tain

ed
 
b
y
 
M

ag
ee-S

au
er 

et 
al. 

(2
0
0
8
) 

o
n
 
1
0
 
Ju

ly
 
2
0
0
1
 
u
sin

g
 

N
IR

S
P
E
C

 in
stru

m
en

t o
n
 th

e K
eck

-2
 telesco

p
e at M

au
n
a K

ea. A
fter 

co
n
sid

erin
g
 th

at th
e co

m
p
o
sitio

n
 is n

o
t o

n
ly

 w
ater, alth

o
u
g
h
 w

ater 

m
o
lecu

les are n
ear 9

0
%

 o
f th

e to
tal m

o
lecu

lar ab
u
n
d
an

ce, w
e o

b
tain

 

g
m �

=
 1

.4
 1

0
3 k

g
 s

-1. T
h
is v

alu
e is in

 ag
reem

en
t w

ith
 th

at rep
o
rted

 b
y
 

N
o
lan

 et al. (2
0
0
6
) assu

m
in

g
 iso

tro
p
ic g

rain
 ejectio

n
: 1

-3
 1

0
3 k

g
 s

-1. 

It is an
 
ex

cellen
t resu

lt b
ecau

se b
o
th

 v
alu

es w
ere o

b
tain

ed
 u

sin
g
 

co
m

p
letely

 d
ifferen

t tech
n
iq

u
es.  

A
ssu

m
in

g
 a g

rain
 tem

p
eratu

re o
f 2

5
0
 K

, w
e h

av
e a v

alu
e o

f 2
7
0
 m

 s
-

1 fo
r 

g
v

. T
h
en

, in
sertin

g
 

g
m �

=
 1

.4
 1

0
3 k

g
 s

-1 an
d
 

g
v

=
 2

7
0
 m

 s
-1 in

 

eq
u
atio

n
 (2

), w
e o

b
tain

 a v
alu

e o
f  d

m
  =

 3
2
 cm

 assu
m

in
g
 iso

tro
p
ic 

ejectio
n
 an

d
 o

m
ittin

g
 th

e ro
tatio

n
 term

. If w
e co

n
sid

er an
 an

iso
tro

p
ic 

ejectio
n
 as th

e th
ird

 ex
p
o
n
en

t o
f co

sin
e o

f th
e so

lar zen
ital an

g
le an

d
 

th
e fast ro

tatio
n
 o

f th
e C

o
m

et C
/2

0
0
1
 A

2
  (six

 h
o
u
rs p

erio
d
) w

e 

o
b
tain

 a v
alu

e o
f  d

m
 =

 3
.6

 m
, w

h
ich

 is a larg
e v

alu
e b

u
t m

u
ch

 

sm
aller th

an
 th

at o
n
e rep

o
rted

 b
y
 N

o
lan

 et al. (2
0
0
6
) u

sin
g
 C

v
 =

 3
6
 

cm
1
/2 m

 s
-1. 

O
th

er 
co

m
et stu

d
ied

 b
y
 rad

ar m
easu

rem
en

ts is th
e C

o
m

et 
IR

A
S
-

A
rak

i-A
lco

ck
 
(IA

A
). 

It 
is 

a 
v
ery

 
slo

w
 
ro

tato
r 

(n
u
cleu

s 
ro

tatio
n
 

p
erio

d
 
o
f 

2
-3

 
d
), 

th
erefo

re 
th

e 
v
alu

e 
o
f 

m
d

is 
u
n
affected

 
b
y
 
th

e 

ro
tatio

n
 term

s. H
arm

o
n
 et al. (1

9
8
9
) o

b
tain

ed
 an

 
m
a

o
f o

n
ly

 0
.6

 m
m

 

assu
m

in
g
 

n
d

ρ
ρ

=
=

1
0
 k

g
 m

-3, 
g
v

=
 2

8
0
 m

 s
-1, an

d
 R

 =
 5

 k
m

 an
d
 

u
sin

g
 
th

e 
g
as 

m
ass-lo

ss 
rate 

m
easu

red
 
b
y
 
F
eld

m
an

 
et 

al. 
(1

9
8
4
). 

N
ev

erth
eles, 

H
arm

o
n
 
et 

al. 
rep

o
rted

 
a 

v
alu

e 
o
f 

m
a

=
 
0
.6

 
m

m
 

assu
m

in
g
 u

n
ifo

rm
 o

u
tg

assin
g
 o

v
er th

e su
n
lit h

em
isp

h
ere an

d
 a v

alu
e 

o
f 

m
a

=
 3

 cm
 if o

n
ly

 1
 p

er cen
t o

f th
e to

tal su
rface area o

f th
e co

m
et 

w
as 

assu
m

ed
 
activ

e. 
F
o
llo

w
in

g
 
o
u
r 

assu
m

p
tio

n
 
o
f 

an
 
an

iso
tro

p
ic 

ejectio
n
 as th

e th
ird

 ex
p
o
n
en

t o
f co

sin
e o

f th
e so

lar zen
ital an

g
le an

d
 

u
sin

g
 a m

ass-lo
ss rate o

f 6
.0

 1
0

5 g
 s

-1 as m
easu

red
 b

y
 F

eld
m

an
 et al. 

(1
9
8
4
) an

d
 th

e sam
e p

aram
eter v

alu
es u

sed
 b

y
 H

arm
o
n
 et al. (sh

o
w

n
 



ab
o
v
e) w

e o
b
tain

 a v
alu

e o
f  d

m
 =

 0
.5

 cm
. If w

e in
sert th

e v
alu

e o
f 

C
v
 =

 8
 cm

1
/2 m

 s
-1 as sh

o
w

n
 b

y
 N

o
lan

 et al. (2
0
0
6
) in

 th
eir eq

u
atio

n
 

(4
) w

e o
b
tain

 a v
alu

e o
f 

m
a

=
 6

 cm
, w

h
ich

 is in
co

n
sisten

t w
ith

 th
e 

v
alu

e 
m
a

=
 0

.6
 m

m
 rep

o
rted

 b
y
 H

arm
o
n
 et al. (1

9
8
9
). 

    4
. C

o
m
et 6

7
P
/ C

h
u
ry
u
m
o
v
-G

era
sim

en
k
o
 

 T
h
e R

o
setta lan

d
er w

ill lan
d
 u

p
o
n
 th

e su
rface o

f co
m

et C
h
u
ry

u
m

o
v
-

G
erasim

en
k
o
 in

 late 2
0
1
4
. F

o
r th

at reaso
n
, is im

p
o
rtan

t to
 illu

strate 

d
m
 o

b
tain

ed
 w

ith
 th

e p
resen

t m
o
d
el. A

lth
o
u
g
h
 first estim

ates fav
o
red

 

a n
ear 3

 k
m

 rad
iu

s, m
o
re p

recise stu
d
ied

 in
d
icate a rad

iu
s less th

an
 2

 

k
m

.  L
am

y
 et al. (2

0
0
7
), fro

m
 th

e an
aly

sis o
f sev

eral lig
h
t cu

rv
es, 

co
n
clu

d
ed

 
th

at 
th

e 
co

m
et 

is 
an

 
irreg

u
lar 

b
o
d
y
 
w

ith
 
an

 
effectiv

e 

rad
iu

s o
f 1

.7
2
 k

m
 an

d
 th

ey
 fo

u
n
d
 th

at th
e co

m
et is ro

tatin
g
 aro

u
n
d
 a 

p
rin

cip
al ax

is w
ith

 a p
erio

d
 o

f 1
2
.4

-1
2
.7

 h
o
u
rs. T

h
e
y
 estim

ated
 a 

n
u
clear d

en
sity

 o
f 3

7
0
 k

g
 m

-3 alth
o
u
g
h
 d

en
sities b

etw
een

 1
0
0
 an

d
 

5
0
0
 
k
g
 
m

-3
 
w

ere 
rep

o
rted

 
b
y
 
D

av
id

sso
n
 
an

d
 
G

u
tierrez 

(2
0
0
5
). 

C
o
n
sid

erin
g
 g

as p
ro

d
u
ctio

n
 rate v

alu
es sh

o
w

n
 in

 L
am

y
 et al. (2

0
0
7
), 

an
d
 th

at ρ
d  =

 3
0
0
 k

g
 m

-3 an
d
 v

g  =
 2

7
0
 m

 s
-1,  w

e o
b
tain

 v
alu

es o
f d

m
 

=
 0

.1
7
-0

.5
6
 m

.  

 5
. C

o
n
clu

sio
n
s 

 W
e h

av
e u

sed
 a classical o

u
tg

assin
g
 m

o
d
el to

 estim
ate th

e d
iam

eter 

o
f th

e larg
est b

o
u
ld

er th
at can

 b
e lifted

 fro
m

 th
e co

m
etary

 n
u
cleu

s 

su
rface. 

O
u
r 

resu
lts 

are 
co

m
p
ared

 
w

ith
 
th

o
se 

o
n
e 

o
b
tain

ed
 
fro

m
 

rad
ar 

m
easu

rem
en

ts 
b
ein

g
 
sm

aller 
o
u
r 

resu
lts. 

In
 
th

e 
case 

o
f 

th
e 

C
o
m

et 6
7
P
/ C

h
u
ry

u
m

o
v
-G

erasim
en

k
o
, an

 u
p
p
er lim

it o
f a h

alf o
f 

m
eter o

f d
iam

eter. 

T
h
e ro

le o
f th

e ro
tatio

n
 o

f th
e co

m
etary

 n
u
clei o

n
 th

e size o
f th

e 

ejected
 p

articles is d
iscu

ssed
. A

 n
u
cleu

s sp
in

n
in

g
 in

 6
 h

o
u
rs can

 lift 

a 4
0
 p

er cen
t larg

er g
rain

s th
at a co

m
et w

ith
 v

ery
 lo

w
 ro

tatio
n
.    

T
h
e in

tro
d
u
ctio

n
 in

 th
e eq

u
atio

n
s (2

) o
f a stro

n
g
 an

iso
tro

p
y
 to

w
ard

 

th
e 

su
n
 
as 

th
e 

th
ird

 
ex

p
o
n
en

t 
o
f 

co
sin

e 
o
f 

th
e 

zen
ital 

an
g
le 

as 



p
ro

p
o
sed

 b
y
 F

u
lle (1

9
9
7
) allo

w
 u

s to
 o

b
tain

 reaso
n
ab

le v
alu

es o
f 

m
d

.  

T
h
e 

d
ep

en
d
en

ce 
o
n
 
th

e 
h
elio

cen
tric 

d
istan

ce, 
ex

cen
tricity

 
o
f 

th
e 

o
rb

it o
f th

e co
m

et, tru
e an

o
m

aly
, o

b
liq

u
ity

 an
d
 lo

n
g
itu

d
e o

f th
e p

lace 

w
h
ere th

e g
rain

 is lifted
, w

ill b
e stu

d
ied

 so
o
n
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 A
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n
o
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g
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en
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 T
h
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p
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 b
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