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Charge-Coupled Device Photometry of Comet P/Halley 
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Comet P/Halley has been observed during its approach to perihelion at heliocentric distances R 
= I 1.0 AU and R = 8.2 AU. No extended coma is seen and limits can be placed on the fraction of 
the total light contributed by coma. The brightness of the comet varies on a short time scale. The 
variations may be due to transient activity or to rotation of the irregular nucleus. ,. 1984 Academic 
Pre', , .  Inc 

I. INTRODUCTION 

Comet  P/Halley is well known as an ob- 
ject  of  considerable popular  interest and at- 
tention. The comet  is scientifically interest- 
ing for its accurate  ephemeris  provides a 
rare opportuni ty  to plan detailed physical 
observat ions  far ahead of their execution.  
In particular,  there is much to be learned 
f rom observat ions  of  the comet  at large he- 
liocentric distances,  R > 5 AU, where out- 
gassing f rom the nucleus may be minimal 
and where the nucleus might be observed 
directly. Insight into the development  and 
growth of  the coma  and tail may also be 
obtained f rom systematic  observat ions  at 
large R. 

For  these and other  reasons,  Comet  P/ 
Halley has been the recent subject of  nu- 
merous telescopic searches and sightings. 
A short summary  of  the early searches is 
given by Yeomans  (1981). Following the re- 
covery  by Jewitt et al. (1982b) at R = I I .0  
AU, confirmations were announced by Bel- 
ton and Butcher (1982), Baudrand et al. 
(1982), and Sicardy et al. (1983). The first 
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observat ions  showed that the comet  was 
close to the location predicted by Yeomans  
(1981) and had a brightness consistent  with 
a nucleus of  a few kilometers  in radius. The 
comet  was of  stellar appearance ,  with nei- 
ther coma  nor tail. Later  observat ions  by 
West and Pedersen (1983), at R = 10.5 AU, 
revealed a possible brightness fluctuation of 
1.0 -+ 0.4 mag. The fluctuation was inter- 
preted as evidence of  early coma produc- 
tion. More recent mention of  variability has 
been made by Lecacheux  et  al. (1984). 

The present  paper  has two functions: we 
present the recovery  observat ions  of  1982 
October  in more detail than was possible in 
Jewitt et  al. (1982b) and we compare  and 
contrast  these observat ions  with extensive 
pho tomet ry  obtained 1984 January.  The ob- 
servat ions at R = I 1.0 and R = 8.2 AU are 
used to constrain the propert ies  of  Comet  
P/Halley. 

2. OBSERVATIONS 

The observat ions  were taken with a 
cooled 800 x 800 pixel charge-coupled de- 
vice (CCD) manufactured  by Texas  Instru- 
ments.  This device is especially suited to 
photometr ic  observat ions  of  faint comets  
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since it has high quantum efficiency (about 
0.7 at 0.65 p,m wavelength),  has very low 
read noise (about 10 electrons per pixel per 
read out), and has a linear responsc (devia- 
tions from linearity are ~ 0 .1~ in the 
brightness range of  interest). The CCD was 
used with the PFUEI  camera  (Gunn and 
Wcstphal ,  1981) at the prime focus of  the 
Palomar 5-m telescope.  The image scale 
was 0.42 arcsec/15-/xm pixel. Images were 
obtained through the g, r, and i filters de- 
scribed by Thuan and Gunn 11976) and 
Wade e t a / .  (1979). These filters have cen- 
tral wavelengths 0.50, 0.65, and 0.80 p,m, 
respect ively,  and have F W H M  :: 0.1 Aim. 
Flat field exposures were taken at the be- 
ginning and end of  each night by exposing 
on a tungsten-il luminated patch on the in- 
side of  the obse rva to ry  dome.  The bias 
level of  the CCI)  was measured for each 
rccorded frame. 

Data collection with PFUEI  was con- 
trolled viii a PDP- I I  computer .  The lattcr 
enabled rcal-time flattening of  the CCD im- 
ages and permit ted early judgment  of  the 
quality of  the data. At the times of the ob- 
servat ions,  Comet  P/Halley appeared pro- 
j e t t ed  close to the galactic plane, leading to 
several  problems with bright stars in the 
comet  field. The detrimental  effects of  the 
bright stars were reduced by two methods: 
First, a set of  opaque masks  was used to 
block the brightest stars in the 5.6-arcmin- 
wide field. Second,  the exposures  were tic- 
cumulated in segments  of  sufficiently short 
duration as to prevent  saturation of field 
star images near the comet .  Despite these 
precautions,  about  one third of  the at- 
tempted observat ions  were affected by 
bright field stars. These observat ions  have 
been omit ted from the present  analysis. 

The comet  was identified primarily by its 
motion relative to field stars. In 1982 ()cto- 
ber, the telescope was tracked at sidereal 
rate, and the motion of  the comet  (at about 
3 arcsec/hr) was removed  by subsequent 
image processing.  In 1984 January ,  the tele- 
scope was tracked on the comet  (the rate 
was about 23 arcsec/hr  relative to the side- 

real). The success of  the tracking was 
judged by the absence  of movement  of  the 
comet  image between successive CCD 
frames and by the unilbrmity of  the trailed 
star images. The mean tracking errors wcrc 
measured to be < 4 x It) 4 arcsec/scc.  

A journal of  obserwtt ions is presented in 
Table I. The columns in the table have the 
following meanings: the first four columns 
list the observat ion number,  the UT date 
and time of the middle of  the exposure,  and 
the airmass of  the observat ion.  Columns 5-  
7 list the filter through which the exposure  
was obtained,  the duration of the exposure 
in seconds (e.g., 4 x 300 signifies a 1200-scc 
duration exposure  accumulated in tour seg- 
ments of  300-scc each),  and the I :WHM of 
the seeing, in arcseconds.  Photometric  cali- 
bration for the observat ions  listed in Table 1 
was obtained through observat ions  of the 
standard stars HI)  19445. HD 84937, B1-) t 
26 ° 2606, Ross 34, and Feige 34. 

The first observat ion listed in Tables I 
and 11 is a I~r upper  limit to the r filter 
brightness on UT 1981 December  (Jcwitt et 
al., 1982a). Representat ive  g and r images 
from UT 1982 October  (observat ions 2 and 
3 of  Table 1) are shown in Fig. 1. Imagcs 
through all three filters arc shown in Fig. 2, 
from UT 1984 January  (observat ions 15-17 
of Table 1). The comet  image is not obvi- 
ously extended relative to adjacent field 
stars. 

3. I~1 tO'I'()M I','TRY 

Photometr ic  measurements  of  comet P/ 
Halley wcrc made according to a standard 
procedure.  Particular attention was given 
to the possible presence of very faint back- 
ground objects near the comet  image, and 
to the effects of  the extended wings of 
bright stars some distance from the comet.  
The results of  the measurements  are pre- 
sented in Table 11. The first three columns 
of the table have been transferred from Ta- 
ble 1, for easc of  usc. Remaining columns 
list the g. r. and i magnitudes,  together with 
the associated uncertainties;  the heliocen- 
tric distance,  R (AU): the geocentric dis- 
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TABLE I 

JOURNAl. OF OBSERVATIONS 

No. Date u ' r  Airmass Filter ETa)sure 
(sec) 

1 1981 Dec 18 -08:00 ~1.2 r 4 
2 1982 Oct 16 - I 1:50 - 1.2 g 20 
3 1982 Oct 16 -12:38 - I . I  r 
4 1984 Jan 04 06:28:56 I.I 1 g 
5 1984 Jan 04 06:37:26 1.11 g 
6 1984 Jan 04 06:50:46 1.10 g 
7 1984 Jan 04 07:09:15 1.09 g 
8 1984 Jan 04 07:23:32 I.I19 g 
9 1984 Jan 04 07:40:08 1.09 g 

I0 1984 Jan 04 07:53:58 1.09 g 
I 1 1984 Jan 07 06:07:39 1.13 g 4 
12 1984 Jan 07 06:18:45 1.12 r 4 
13 1984 Jan 07 09:49:13 1.36 g 8 
14 1984 Jan 07 10:01:26 1.41 r 8 
15 1984 Jan 08 116:24:40 1.11 g 4 
16 1984 Jan 08 116:35:09 1.10 r 4 
17 1984 Jan 08 06:45:20 1.09 i 4 
18 1984 Jan 08 10:28:05 1.58 i 4 

x 3()0 
x 120 
x 120 
× 3110 
x 3110 
x 1000 
x I000 
x 31X) 
x 6 0 0  
x 6 0 0  
x 75 
x 100 
x 40 
× 40 
× 75 
× 75 
× 75 
x 75 

" Upper limit reported by Jewitt et al. (1982a) using the same observing system. 
h Recovery observations. 
' This r filter observation was not discussed by Jewitt et al. (1982b). 

Seeing 
(arcsec) 

1.3 
1.0 
1.0 
1.9 
2.2 
2.0 
2.1 
1.8 
2.3 
2.2 
1.6 
2.0 
1.9 
1.8 
1.5 
1.7 
1.5 
1.6 

Note 

No. Date UT 

I 1981 Dec 18 -08:00 
2 1982 Oct 16 -11:50 
3 1982 Oct 16 -12:38 
4 1984 Jan 04 06:28:56 
5 1984 Jan 04 06:37:26 
6 1984 Jan 04 06:50:46 
7 1984 Jan 04 07:09:15 
8 1984 Jan 04 07:23:32 
9 1984 Jan 04 07:40:08 

10 1984 Jan 04 07:53:58 
I I 1984 Jan 07 116:07:39 
12 1984 Jan 117 06:18:45 
13 1984 Jan 117 09:49:13 
14 1984 Jan 07 10:01:26 
15 1984 Jan 08 116:24:40 
16 1984 Jan 08 116:35:09 
17 1984 Jan 08 116:45:20 
18 1984 Jan 08 10:28:05 

"I'ABI.E I1 

PALOMAR PHOTOMETRY OF COMET P/HALLEY 

g r i 

24.3 ± 0.2 

23.27 -'- 0.10 
22.9 - 0.15 

22.95 ± 0.11) 
22.98 ± 0.07 
22.93 ± 0. I0 
23.15 ± 0.10 

23.3 ± 0.30 
22.2 ± 0.211 

22.27 ± 0. I0 

23.2O -+ 0.10 

->-25.0 

24.4 ± I).2 

22.4 ± 0.20 

21.89 ± 11.10 

23.18 ± 0.10 
23.15 ± 0.10 
23.11 ± 0.10 

R '~ ~* 
IAU I IAU) 1degrees) 

12.73 I 1.83 1.9 
I 1.04 10.93 5.2 
11.04 10.93 5.2 
8.18 7.23 1.7 
8.18 7.23 1.7 
8.18 7.23 1.7 
8.18 7.23 1.7 
8.18 7.23 1.7 
8.18 7.23 1.7 
8.18 7.23 1.7 
8.16 7.21 1.9 
8.16 7.21 1.9 
8.16 7.21 1.9 
8.16 7.21 1.9 
8.16 7.21 2.0 
8.16 7.21 2.0 
8.16 7.21 2.(1 
8.16 7.21 2.(1 
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Fl(;. I. Two of Ihe images obtained 1982 October from which come! ttalley was tirsl idenlified. 
These are observations 2 (upperl and 3 (lower) of "l'ables 1 and 11, from which the picture parameters 
may be read. Come! Halley is indicated by arrows of 7 arcsec in length. North is toward the righl of lhe  
ligure, ea~;I to the bottom. 
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h ( ; .  2 .  I m a g e s  t a k e n  1 9 8 4  J a n u a r y  t h r o u g h  t h e  g ,  r ,  a n d  i f i l t e r s .  T h e s e  a r e  o b s e r v a t i o n s  1 5 - 1 7  o f  

T a b l e s  I a n d  I I .  C o m e t  H a l l e y  i s  e n c l o s e d  b y  a b o x  o f  8 a r c s e c  w i d t h .  N o r t h  i s  t o w a r d  t h e  b o t t o m  o f  t h e  

f i g u r e ,  e a s t  t o  t h e  l e f t .  

t a n c e ,  A ( A U ) ;  a n d  t h e  p h a s e  a n g l e ,  a (de-  
g r e e s ) ,  o f  t he  c o m e t .  T h e  m a g n i t u d e s  w e r e  
g e n e r a l l y  d e t e r m i n e d  w i t h i n  c i r c l e s  o f  6- to  
10 -a rc sec  r a d i u s  a b o u t  t h e  c o m e t .  T h e  m a g -  
n i t u d e s  w e r e  f o u n d  to  bc  c o n s t a n t  w i t h i n  
c i r c l e s  h a v i n g  radi i  ~ 4 a r c s e c ,  c o n s i s t e n t  
w i th  t h e  a b s e n c e  o f  e x t e n d e d  e m i s s i o n  f r o m  
c o m a  o r  tai l .  M e a s u r e m e n t s  o f  t he  s t a n d a r d  
s ta r s  d e m o n s t r a t e  t ha t  e a c h  n ight  w a s  p h o -  
t o m e t r i c a l l y  s t a b l e  to  b e t t e r  t h a n  0.03 m a g  

o r  a b o u t  3%.  T h e  u n c e r t a i n t i e s  on  the  t abu -  
l a t ed  g,  r ,  and  i m a g n i t u d e s  e x c e e d  this  
v a l u e  a n d  re f l ec t  t h e  u n c e r t a i n t i e s  o f  the  
s k y  b r i g h t n e s s  a r o u n d  t h e  c o m e t  in e a c h  
i m a g e .  

T h e  g m a g n i t u d e s  f r o m  T a b l e  II a r e  p lo t -  
t ed  as  a f u n c t i o n  o f  t he  d a t e  in Fig .  3. T h e  
so l id  l ine  in t h e  f igure  r e p r e s e n t s  " i n e r t  nu-  
c l e u s "  b e h a v i o r  in w h i c h  the  b r i g h t n e s s  is 
a s s u m e d  to  be  p r o p o r t i o n a l  to  R - 2 A  2. A 
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DATE (YEAR AND MONTH) 

FIt;. ?,. Graph  of  the ~, mag  of  ( ' o m e l  t t a l l ey  vcr~,us 
the I.JT da te  of  o b s e r v a l i o n .  The  o b s e r w t l i o n s  and 
thei r  u n c e r t a i n t i e s  are  ind ica t ed  by dols .  The  sol id  l ine 
s h o w s  the l i gh tcu rve  of  an inert  nuc l e us  hav ing  ze ro  
phase  coef f ic ien l .  The  line has  been  fi~rced Io pax~ 
th rough  the m e a n  of  the g fil ter obscrvat ion '~  of  LII" 
1984 J a n u a r y  I)4. 

fiat phase function and a spherical, uniform 
nucleus have been assumed.  Thc modcl has 
been arbitrarily normalized to the mean of 
the observat ions  of  UT 1984 January 04. 

Figure 3 shows that the general bright- 
ncss increase of  Comet  Halley bctwccn 
1982 October  and 1984 January is similar to 
the brightness increase of  the inert nucleus 
model. However ,  it is apparent  that the 
brightness was subject to significant varia- 
tion in the latter observing period. (The 
time base of  the 1982 observat ions  was tot) 
short to reveal variations of  the type ob- 
served in 1984.) An examinat ion of Table I1 
reveals that the g filter brightness of  Comet 
P/Halley varied by about I mag on a time 
scale of  I day. Thc brightness was cffcc- 
lively constant  for a 90-min period begin- 
ning UT 1984 January  04d 06h 29m but had 
increased by 0.8 -~ 0.2 mag (a fat:lor of  2.0 
'-  0.5) by UT 1984 January  07d 06h 08m. 
Between UT 1984 January  07d 09h 49m and 
UT 1984 January  08d 06h 25m the bright- 
ncss declined to its January  04 value. A 
similar variation is suggested by the less nu- 
merous r magnitudes.  Thc observed short- 

term brightness fluctuation is reminiscent 
of  the variation reported by West and Pe- 
dersen (1983) and by Lecacheux et al. 
(1984). 

The colors of  Comet  Halley may bc ob- 
tained from Table i1: 

( g  - r )  = 0 . 3 8  + 0 . 1 0  

( r  - i )  0 . 0 3  ± 0 . 2 0 .  

Thesc arc to bc comparcd  with the corre- 
sponding solar colors (t,, - rh, = 0.18 and (r 
- i). = -I).03. Evidently,  the colors arc 
consistent with the solar colors within the 
uncertaintics of  measurement .  At optical 
wavelengths there is no evidencc for bluc 
color which might be indicative of  Raylcigh 
scattering tYom submicron grains. 

4. I M A G E  S H A P E  

The CCD images can be used to con- 
strain the brightness of  the coma at pro- 
jcctcd distances from the nuclcus of  a few 
arcseconds  (corresponding to a few times 5 
x 10 ~' m at the comet).  For this purpose,  an 
image of  2000-see cffective exposurc  was 
formed by adding two g-filter images of 
1000 sec each (images 6 and 7 of Tables I 
and I1). The azimuthally averaged surface 
brightness was computed  within concentric 
annuli centered on the comet  image. Figure 
4 contains a plot of  the avcragc surface 
brightness versus the annulus radius. The 
peak of the profile has bccn normalized to 
100 surface brightness units, corresponding 
to 25.5 g m a ~ a r c s c c  2. A similarly con- 
structed surface brightness profile of a field 
star is shown for comparison.  The star ~as  
selected from an adjacent short exposure 
(untrailcd) image and has bccn normalized 
to I00 surface brightness units at the peak. 

Within the uncertainties imposed by the 
variable seeing, the star and comet profiles 
appear  similar. Only small differences be- 
tween thc profiles of  the star and of the 
comet  are evident.  "Fhcy may be attributed 
It) a slight change in the a tmospher ic  seeing 
between the two images (sec column 7 of 
"Fable 1). The differences cannot be duc to 
short- term trailing of  the comet  image since 



CCD PHOTOMETRY OF COMET P/HAI,LEY 441 ,oo  
QI- -  
k~ X 6 0  

. a tX 5 0  

3 0  

iO 
,') 

- I 0  

- - T  i I I I I 

+ : STAR 

- ~  = COMET 

\ 

I ± ~ : I : 
I 2 3 4 5 6 

R A D I U S  (ARCSECOND) 

Fl(;. 4. Azimuthally averaged g filter surface bright- 
ness profiles of Comet Halley (dots) and a field star 
(crosses joined by continuous lines). The star and 
comet profiles have been normalized to a surface 
brightness of 100 units at their peaks. One hundred 
units of Comet Halley's surface brightness correspond 
to 25.5 ~, mag/arcsec-'. The radial distance (in arc- 
seconds) from the center of each image is plotted hor- 
izontally. 

the comet profile is actually more con- 
densed than the star profile. 

The placing of  formal limits to the pres- 
ence of coma is model dependent:  it is nec- 
essary to assume the spatial form of  the 
coma. In many comets  the surface bright- 
ness is observed to decrease in proportion 
to the reciprocal of the projected distance 
from the nucleus. This distribution is ex- 
pected of  a refractory grain coma produced 
by an isotropic source of fixed strength. 
The total magnitude of  such a coma may be 
estimated from 

grorAl. =--2.5 Iog(27rr 2) + g(r) 
where g{r) {magnitudes per square arcsec- 
ond) is the surface brightness at projected 
distance r (arcseconds) and RTOrAL is the 
magnitude of  the coma within a circle of  
projected radius r. From Fig. 4, an approxi- 
mate upper limit to the coma surface bright- 
ness at r = 4 arcsec may be set equal to 10% 
of the peak of  the surface brightness profile, 
corresponding to g(4) > 28.0 mag/arcsec 2. 
Hence,  the coma within 4 arcsec of the nu- 
cleus is fainter than gTOTAL = 23.0, a limit 
which may be compared with the observed 

magnitude of the comet,  g = 23.0 - 0. I. It 
may be concluded that a large fraction of  
the light from Comet  Halley could be scat- 
tered from a refractory grain coma without 
changing the stellar appearance of  the 
comet.  

5. DISCUSSION 

An important question concerns whether  
the observed brightness variations of 
Comet Halley are caused by variable coma 
production or by the rotation of an irregular 
or spotted nucleus. The argument of the 
previous section demonstrates  that the 
comet  might possess a considerable {so- 
tropic coma of refractory grains even 
though the image appears stellar. Other 
types of  comae are also permitted by the 
star-like surface brightness profile shown in 
Fig. 4. In particular, comae which are more 
centrally condensed than the isotropic re- 
fractory grain coma could bc present 
around the nucleus of  Comet Halley. Steep 
surface brightness profiles are expected of 
sublimating grain halos, for instance. It is 
also possible that the nucleus has a trapped 
coma of  grains following suborbital trajec- 
tories. These and other  speculations are not 
presently susceptible to observational con- 
straint. 

The only substantial clue as to the origin 
of  the brightness variations of  Comet Hal- 
ley is provided by the time scale of  the vari- 
ations. If ejected grains wcre the cause, 
then the time scale for the decline of  the 
excess brightness would equal the time 
needed for the grains to cross the radius of 
the projected effective diaphragm within 
which photometry  was performed. The dia- 
phragm crossing time may be estimated 
from 

tD = i.4 X 103 ~',.~R °-5 

where tD is measured in seconds,  ~b (arc- 
seconds) is the projected diaphragm radius, 
and A (AU) and R (AU) are the geocentric 
and heliocentric distances, respectively. 
The Bobrovnikoff /Deisemme velocity rela- 
tion (Delsemme, 1982) has been assumed 
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for the ejected grains.  Insert ing ,.b = 10 arc- 
sec.  A - 7.21 AU,  a n d R  = 8 . 1 6 A U  gives 
ID .... 3 × 105 sec. This may be compared  
with the time interval in which the bright- 
ness halved,  namely ,  t0 < 7 × 104 sec (i.e.. 
be tween  1984 January  07 and 08). Since t~/ 
t,~ - I ,  it appears  that t ransient  giection o f  
re f rac tory  grains was  not the cause  o f  the 
br ightness  variat ion.  This conclus ion  does  
not ex tend to volatile grains or  to grains 
moving  in the gravi tat ional  influence o f  the 
nucleus:  such grains may sublimate or  fall 
back to the nucleus  on t ime scales less than 
h~. In short ,  it is not possible to discrimi- 
nate be tween  nucleus  activi ty and nucleus  
rotat ion as the cause  o f  the brightness vari- 
at ions,  a l though ref rac tory  grains would 
seem to have little effect  on the appearance  
o f  the comet .  

Regardless  o f  the specilic interpretat ion 
placed on the br ightness  variat ions,  the ob- 
served ~,, magni tudes  may be used to esti- 
male  upper  limits to the c ross  sect ion o f  the 
nucleus  and to the rate o f  mass loss f rom it. 
For  these purposes  we use 

p/32 - 2 .25 × 102: R2~  2 It) '~4'~' " 

where  p is the geomet r ic  a lbcdo al 0.5 p.m 
wavelength ,  rrfl2(m 21 is the total c ross  sec- 
tion. and ~,, - 26.64 is the ~,, magni tude  of  
the Sun. The phase  angle d c p e n d c n c e  o f  the 
sca t tered  light hits been neglected.  Taking 
R, ._X, and t,, f rom Table  II, we co m p u t e  p13: 
= 1.4 ~ 0.3 × I(Y' m-" ( 1982 Oc t obe r  161. i)/32 

I. I + 0.1 × 10 ~' m 2 ( 1984 Janua ry  041, and 
pile - 2.2 -+ 0.2 × l06 m× ( January  07). 

If the obse rva t ions  are taken to refer to 
the bare nucleus,  then the p,82 values may 
be used to es t imate  its d imensions .  The ge- 
ometr ic  a lbedo o f  the comet  nucleus,  p.  is 
unknown ,  but the adopt ion  of /~  0.1 is 
unlikely to be wrong  by as much as a factor  
o f  10. To order  o f  magni tude  the nucleus 
would present  c ross  sect ions  o f  3.5 ~< 10- 
m 2 on Janua ry  04 and 6.9 × [0 v m-" on Janu-  
ary 07, the change  being due to rotat ion of  
the nonun i fo rm nucleus.  It is possible that p 
varies with posi t ion on the nucleus.  The 
equivalent-c i rc le  radii o f  the nucleus  would 

be about  3 × lip and 5 × lIP m, respec-  
t ively,  again assuming  p - 0.1. In view of  
the uncer ta in  cont r ibut ion  from coma ,  the 
above  values o f  p/3-" must  be regarded as 
upper  limits to the true value o f  the nu- 
cleus. 

The present  obse rva t ions  are too sparse 
to permit the de te rmina t ion  o f  the rotat ion 
period o f  thc nucleus,  even assuming  there 
is no coma.  H o w e v e r ,  f rom the cons tancy 
of  the ~, magni tude  on January  04, and of  
the i magni tude  on Janua ry  08. the period 
would  seem to bc < 4 hr. In the present  in- 
terpreta t ion,  the decrease  f r o m  January  t)7 
to  Janua ry  08 suggests  significant rotat ion 
of  the nucleus  in 20 hr: the period cannot  bc 
longer than a few days.  It may  be noted lhal 
several as teroids  show brightness modula-  
tion by a l ac tor  o f  2 or  more.  Most ly,  these 
bodies have d iameters  less than about  I(H I11 
(e.g., Harris  and Burns ,  19791. 

If the brightness variat ions are instead 
caused  by the c o m a  then it in possible to 
es t imate  the amount  o f  material  involved.  
The sum of  the c ross  sect ions o f  the grains 
ejected be tween  1984 January  04 and Janu- 
ary 07 in approx imate ly  rrfl 2 = rr × [2.2-1. I) 
× 106/p = 3.5 " 0.5 × 1(16/p (me). The mass 
o f  the grains may be es t imated from m 
4rrpafl2/3, where  p (kg m ~) is the grain den- 
sity, and a (m)  is the mean grain radius. 
A d o p t i n g p -  10 .~kgm ~ , a -  10 ~ ' m , a n d p  
- 0.1. we lind m -- 5 × 104 k t,,. ( ' onse-  
quent ly ,  the mcan mass loss rate between 
J imuary 04 and January  07 amoun t s  Io/ i t  
0 . 2 k g s e c  '. This is about  1041imessmaller  
t h a n  the mass loss r a te  l ' rom a typical acti~,c 
comet  near r I AU.  but in still large in 
compar i son  with the sublimation rate o f  a 
water-ice nucleus at lhc dis tance of  (. 'omct 
I-|alley (W:~J.shburn, 1928). For  example ,  a 
s lowly rotating,  perfect ly absorbing  spheri- 
cal water- ice nucleus  o f  10~-m radius 
would subl imate at a rate ;J,, 3 ,~ l0 ; kg 
s c c t .  A fiat water  surface o f  the  sanle c ross  
sect ion and oriented normal Io the Snn 
would give /it 6 × It) ~ kg sec '. l iven 
al lowing that the nucleus  o f  Comet  Halle_v 
may exceed  10-Lm radius, it appears  im- 
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plaus ible  that  wa te r  ice could  provide  a 
p robab le  source  of  c o m a  at such large R. In 
par t icular ,  the br igh tness  var ia t ions  of 
Comet  Hal ley are not caused  by var iable  
sub l imat ion  of water  ice on the nucleus .  

6. CONCI,USIONS 

I. Comet  Hal ley  has been  obse rved  at 
R = I I . 0  and  R = 8.2 AU with a single 
obse rv ing  sys tem.  At these hel iocentr ic  dis- 
t ances ,  the comet  has a star-l ike surface 
b r igh tness  profile and  Sun- l ike  b r o a d b a n d  
optical  colors .  

2. The genera l  b r igh tness  increase  be- 
tween  R = i l . 0  and  R = 8.2 AU is s imilar  
to the increase  expec ted  of an inert  nu-  
cleus.  H o w e v e r ,  the b r igh tness  of  Comet  
Hal ley var ies  by abou t  I mag on a t ime 
scale ~< I day.  The  var ia t ions  are not due to 
the e jec t ion  of  ref rac tory  grains  from the 
nuc leus ,  but o ther  forms of  ac t iv i ty  may be 
respons ib le .  Al t e rna t ive ly ,  the br igh tness  
var ia t ions  may resul t  f rom rota t ion of an 
i rregular  and /or  spot ted  nuc leus .  

3. The  p roduc t  of the geomet r ic  a ibedo 
of the nuc leus  with the square  of its radius  
does not exceed  abou t  2.2 _+ 0.2 x 10 ~ m 2. 
Be tween  1984 J anua ry  04 and  Janua ry  07, 
the m e a n  mass  loss rate from Comet  Hal ley 
was < 10 -4 t imes the mass  loss rate f rom a 
typical  ac t ive  comet  at R = I A U .  

APPENDIX 

The g, r, and  i filters used in the presen t  
inves t iga t ion  have several  advan tages  over  
the usual  V, R, I. " J o h n s o n "  filters. How-  
ever ,  s ince m a n y  obse rve r s  use the lat ter  
sys t em wc presen t  a pp r o x ima t e  t ransfor-  
ma t ions  b e t w e e n  the two sys tems  as given 
by Hoesse l  and  Mould  (1982): 

V = g -  0.03 - 0 . 3 7 ( g -  r) 
! = i +  0 . 5 5 ( r -  i ) -  0.55 

R -  ! = 1.31 ( r -  i) + 0.33. 

We adopt  (g - r)  = 0.38 ~ 0.10 and 
(r  - i) = 0.03 --- 0.20, giving for Comet  
Hal ley:  

V =  g -  0 .17-+ 0.04 
1 = i -  0 .53-+ 0.11 

R = / + 0.37 +_ 0.28 
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