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ABSTRACT 

Halley's comet is one of the brightest comets in the absolute sense. The 
paper describes the expectations about its brightness parameters, and the main 
physical properties of the nucleus can be derived from photometry up to the 
last opposition. Results have been obtained relating to the decrease of abso
lute magnitude and the possible period of brightness fluctuation accord ng to 
data obtained c'c CFHT on 4th February 1984. The slope of decrease of absolute 
magnitude is about O.17 magnitude per revolution. On 4th February 1984 the 
brightness fluctuations had a period about 9.0 +_ 0.5 hr but it seems that the 
general form of fluctuations on a large time-scale is not a clear sinosoidal 
shape and the most probable periods are between 9 and 48 hrs. 

АННОТАЦИЯ 

Комета Галлея - одна из самых ярких комет в абсолютном смысле. В работе 
описываются ожидания, связанные с параметрами яркости и физическими параметра
ми ядра, которые могут быть получены фотометрическими методами до последней 
оппозиции. Результаты связаны с хронологическим уменьшением абсолютной яркости 
и периодом флуктуации яркости, наблюдавшихся в "CFHT" 4-го февраля 1984 года. 
Уменьшение абсолютной яркости составляло, приблизительно, 0.17 магнитуды за 
одно обращение. Период флуктуации яркости 4-го февраля 1984 года составил, при
близительно, 9.0 + 0.5 часов, а общая характеристика флуктуации яркости в тече
ние длительного времени не является чисто синусоидальной, и наиболее вероятные 
периоды могут составлять от 8 до 48 часов. 

KIVONAT 

A Halley-üstökŐs abszolút értelemben egyike a legfényesebb üstökösöknek. 
A dolgozat leirja a fényességi paramétereivel valamint a magjának fotometriai 
utón leszármaztatható fizikai paramétereivel kapcsolatos elvárásokat legutóbbi 
oppozicióig bezárólag. Az eredmények az abszolút fényesség időbeli csökkené
sével illetve az 1984. február 4-én a kanadai-francia /CFHT/ megfigyelésekből 
adódó fényességfluktuáció periódusával foglalkoznak. Az abszolút magnitúdó 
csökkenés mintegy 0.17 magnitúdó keringésenként. Az 1984. február 4-i fényes
ségfluktuációk periódusa 9.0 + 0.5 óra, de a fluktuációk általános jellege 
hosszú időskálán nem tiszta szinuszos és a legvalószínűbb periódusok 8 és 48 
óra közt lehetnek. 



INTRODUCTION 

The so-called intermediate period comet named after Halley 
(with a period of about 76 years) is one of the brightest comets 
ever known. Its absolute visual brightness is about 5.О stellar 
magnitude and comet Bennett (1969 i) is brighter (it has 3.5 
magn.) as is comet P/Schwassmann-Wachmann 1 (with 2-5 magnitude) 
but this .latter has a larger perihelion distance at about the 
distance of Jupiter's orbit. The brightness of comet West (1975 n) 
is close to that of Halley's comet too (with 5-.0 magn.) while 
Tago-Sato-Kosaka (1969 g) (6.4 magn.) and Kohoutek (1973 f) 
(6.0 magn.) are slightly fainter. 

All the "old" comets - having lost a large amount of nucle
ar material - i.e. those having passed their perihelion more fre
quently, are fainter than the "new" comets. The old comets are 
the short-period comets including comet P/Encke (absolute bright
ness 12-13 magn.), P/Faye (11-12 magr..) and P/Tempel 2 (about 13 
magn.) (Reinhard 1981). 

From the nucleus of the most active and therefore the 
brightest comets (the new cometr' a large number of molecules 

29 are ejected per second (about 1-. •ixlO molecules per second) 
27 in contrast to 1-3x10 molecules per second from the nuclei of 

29 
old ones. The gas-production rate estimations of about 1x10 
molecules per second (Newburn 1981, Reinhard 1981) for Halley 
are based on the observational data obtained in 1910. Taking into 
account the frequency of perihelion passages and the mass-loss 
rate, Halley's comet is a relatively active comet. 

The continual decrease in absolute brightness during each 
successive perihelion passage of a comet has been observable for 
Halley's comet for its 29 observed perihelion passages; this is 
also true for the observed passages of comet Eneke. The nucleus 
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of Bncke has seemed to have finished its active period, i.e. from 
1795 to 1954 its absolute brightness had decreased by a magnitude 
of 6. 

Its absolute brightness and its activity have made Halley's 
comet the target of world-wide ground based and space-probe con
siderations and a large amount of data has been compiled on it. 

In this paper the expectations about the parameters of total 
brightness and the main physical parameters of the nucleus deriv
ed from photometry are described and references are given for the 
preliminary results of brightness measurements following its re
covery in 1982. 

BRIGHTNESS PARAMETERS (H l 0 AND n) 

The most general form of expression for the total visual 
magnitude of comets (Melsel and Morris 1982) is 

Hl *' H10 + 2 * 5 n l g r + 2* 5 k l g A + Ф(°'р'5) 

where & is the geocentric and r the heliocentric distance in AU; 
H,Q is the stellar magnitude at г=Д=1 AU (absolute magnitude); 
ф (D,F,S) is the so-called aperture or diaphragm correction de
pending on diameter D, focal length F, and projected coma surface 
brightness S. In most studies k=2 and Ф is linear or may be neg
lected in first approximation thus previous formula may be simp
lified to 

Hl = H10 + 2 * 5 n l g r + 5 l g Ä 

where n is the traditional so-called brightness parameter. This 
parameter can be determined empirically. The values of parameters 
H, 0 and n are different from comet to comet and for a given comet 
these have a distinct value before and after every perihelion 
passage. 

Judging from the table compiled by Morris and Green (1981, 
1982)(see our Table 1), it seems that the comet has become more 
active and brighter since its perihelion passage. This is in line 
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with Newburn's calculations (1981) in connection with the gas-
production rate, i.e. after the perihelion this rate increases 
by one magnitude in comparison with the value before the perihe-

28 29 lion (about 10 - 10 molecules per second). 
Taking into account the formula for the brightness-variation 

of Halley given by Yeomans (1981), n=5.2 and H, =5.О magn. have 
been derived. The value of n is close to that obtained from the 
accepted models of water-ice sublimation assumed in the case of 
Halley's comet (n=5.4-5.5 after Yeomans 1977). 

The absolute brightness of comets significantly decreases 
during the successive perihelion passages. This can be confirmed 
for other short-periodic comets by reason of the mass-loss of 
their nuclei. 

Even so Halley's comet is among the brightest comets in the 
absolute sense {Fig. 1) and the decrease of absolute brightness 
can clearly be verified from the observations (Fig. ?.o) and it 
can be compared with the brightness decrease of comet P/Encke 
too (Fig. 2b). 

From the figure based on the data compiled by Vsekhsviatskii 
(1958) and published by Reinhard (1982) I have estimated the pa
rameters relating to the decrease of the absolute brightness for 
Halley by taking into account the observations between 451 and 
1910 A.D. The solution, using the least squares method, yields 

H 1 0 (t(years)) = 2.3xlO~ t(years) + 0.18 + 0.10 (magn.) 

Here the slope of decrease corresponds to 0.17 magnitude per re
volution. Thus from extrapolation we obtain that for the next 
two appearances (in 1986 and 2062) the absolute brightness will 
be about 4.9-5.0 magnitude. 

After the recovery in 1982 the comet's brightness is rather 
close to the pessimistic predictions (e.g. Brady and Carpenter 
1971) and nearly identical to the values derived by Yeomans 
(1981). I refer to Dobrovolskii (1983) who, by evaluating the 
absolute brightness between 76 and 1986 A.D., gave the acceptable 
value of this for 1986 аз 4.7 magnitude. However, the absolute 
brightness has decreased from +2.0 to +5.0 magnitude in this 
interval. 
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Based on observations in 1910 the so-caJled brightness-in
version can be pointed out on the falling branch part of the 
light-curve (brightness versus logarithm of solar distance) (see 
also the discussion by Morris and Green 1982). After the perihe
lion the decrease in brightness continued at a Blightly greater 
level. 
If one takes into account the effects from observational condi
tions this inversion effect may well be linked with the activity 
of the cometary nucleus (Morris and Green 1982) and/or with the 
unevenly distributed vaporized material at the surface of the 
nucleus (Ferrin 1982). Jn any case the photometric and physico-
chemical parameters of comet Halley are significantly different 
in the pre- and postperihelion state. 

To estimate the surface brightness distribution in the coma 
of comet Halley, we used a calibrated isotophe system developed by 
Moroz (1982), using the brightness parameters of the comet deriv
ed from observational evidence based on the data compiled from 
the last appearance and on other preliminary model-calculations. 
This system of isophotes is used to test the TV systems of the 
VEGA project. In this isotophe system, the surface brightness of 
distinct lines near the cometary nucleus (+100 km) is between 
-2 -3 -2 -1 -1 

10 and 10 Watt cm sr microns and at a distance of one -8 -9 -2 hundred thousand kilometers it is about 10 - 10 Watt cm 
sr microns . These monochromatic brightnesses are centred at 
0.7 microns wavelength (at the maximum sensitivity of the TV 
system). 

PARAMETERS OF THE NUCLEUS ESTIMATED PHOTOMETRICALLY AFTER THE 
RECOVERY OF COMET HALLEY IN 1982 

The comet Halley was recovered by Jewitt et al. (1982) on 
16th Octobery 1982, using the Planetary Camera attached to the 
5.1 m telescope at Mt Palomar Observatory. At that time the 
comet's brightness was about 24.2 and 25 magnitude in the V and 
the В range respectively. The fact of recovery and the values of 
brightness estimations cited above were confirmed by the meas
urements of Belton and Butcher (1982 b) and by Baundrand et al. 
(1982) at Kitt Peak and CFHT respeclively. 
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Prior to recovery the brightness prediction suggested by 
Belton and Butcher (1982 a) had approached the value measured at 
the time of the first observations after recovery. Preliminary 
evaluations of the parameters of the nucleus derivable front photo
metric properties were given too. In support of the photometric 
estimations the restrictions for parameters connected with the 
non-gravitational effects were taken into account in calculations. 
The calculations relate to an idealized spheric cometary nucleus 
having a photometrically homogeneous surface (Delsemme and Rudd 
1971, Yeomans 1977, Whipple 1977, Ncwburn 1981). 
Some physical parameters of the nucleus of Halley's comet may be 
predicted after Belton and Butcher (1982 a) by taking in int( 
account that the brightness of 24.2 magnitude in V at the time 
of first measurements agrees with the value used in the calcula
tions. If one sets out the photometric properties of the satel
lites of Jupiter Callisto and Europa (using the known bolometric 
Bond albedo for the calculations) it is likely that one would 
find that the properties of the nucleus of comet Halley are simi
lar to Callisto-type minor objects;. More specifically, on the 
surface of Europa the fresh ices are distributed with the re
latively high bolometric Bond albedo value of about 0.58 but the 
"old" ices on Callisto's surface have the low bolometric Bond 
albedo of about 0.2. 

The radius of the nucleus has been predicted as being about 
2.0 km, its mass being approximately 3.4x10 gramms. The mean 

-3 density is at most 1.8 g cm , the bolometric Bond albedo is not 
likely to be more than 0.2 (Table 2). 

BRIGHTNESS VARIATIONS DURING THE 1983/84 OPPOSITION 

With regard to the comet's approach between the orbit of 
Jupiter and Saturn, two-dimensional photometric measurements 
were obtained by Lechacheux et al. (1984 a) at Meudon Observatory 
and by Lelievre (1984 a) at CFUT in the В range of the UBV-system 
during the winter of 19 83/84. The strong brightness variations 
are apparent from night to night. Table 3 shows the results of 
measurements taken on the night of 4th February 1984. In addition, 



- 6 -

a brightness variation with 23.6 + 1.0 magn. in V was measured 
by Beiton et al. (1984) on 4th March 1984. 
Lecacheux et al. (1984 b) and Leliévre (1984 b) have calculated 
that the brightness of the nucleus of Halley's comet has varied 

h m in time sinusoidally with a periode of about 3 lCr1 and amplitude 
1.7 magnitude (4.9 power change in intensity). From the data ob
tained at CFHT the maximum ensued at 4.47 UT February in the opi
nion of the authors cited here. The characteristic of change in 
brightness cf Halley's comet is, however, not quite clearly 
sinusoidal, i.e. the period and epoch of maximum on 4th February 
as mentioned above have not been confirmed by West and Pedersen 
(1984) but the fact of brightness-fluctuations wiLh 1 magnitude 
amplitude was confirmed. It seems that the period is longer than 
that derived from measurements previously taken at Meudon and 
CFHT. 

However, according to the data taken at Meudon and CFHT it 
seems to be certain that there is a sinusoidal light-curve on 
4th February 1984. I have obtained a significant period of about 
9.0 + 0.5 hours and amplitude 1.5 magnitude by means of frequency 
analysis. 

Lecacheux and Leliévre (1984) report that their analysis of 
measurements taken during the last opposition confirm the large 
brightness variations but this does not allow a sinusoidal fit 
for the large time-scale brigntness variations. The amplitude is 
1.6-1.7 magnitude in В but candidate periods are in the range 
8-48 hours and the periods around 16 hours seem the most likely. 
West's (1984) opinion is that the observed light variations must 
in part be due to intrinsic activity and that it may be impossi
ble to make an unambiguous determination oi' the comet's rotation 
period from the available observations. 

Ferrin (1982) suggests that it is possible that the firs*-
signs of activity of comets at large solar distances can be 
observed because of the sublimation of unevenly distributed ma
terial on the surface of the nucleus. This idea is based on the 
possible sublimation of C0 2 at 100 К 'see also West and Pedersen 
1983, Delsemme 1982). A similar activity could have been pointed 
out in the case of comet Schuster (1975 II), i.e. certain comets 
may show activity at large heliocentric distances. 
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A factor which is not out of the question is the role of rotation 
if the surface of the nucleus is photometrically inhomogeneous 
and rough, i.e. the reflectivity changes locally and/or the shape 
of the nucleus is irregular. 

However, further considerations are needed to clarify the 
origin of the brightness-fluctuations which will inevitably be 
apparent in Halley's comet in 1985/86. 
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Table 1 

Interval 
Heliocentric 
distances 

(AU) 
HlO n Ref 

Pre-perihelion 2.76 - 0.59 5.49+0.O7 5. 17+0. io 1 1 J 
3.35 - 0.59 5.51+0.06 4 2 9+0. 09 Í2J 

Post-perihelion 0.59 - 1.61 5.4440.05 2 70+0. 17 11] 
0.59 - 5.0O 4.94+0.06 3 G4+0. 06 I2| 

References: [1]: Morris and Green (1982) 
[2]: Morris and Green (1981) 

Variations of absolute total brightness and parameter n of 
Halley's comet (after Morris and Green 1981, 1982) 
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Table 2 

Parameter Estimated range 

Radius (km) 0.77 - 3.5 
Mass (gramms) 1 15 17 7xl0 X J - 1.9x10 
Mean density (g cm ) 0.5 - 5.9 
Average gas-production 
rate at 1 AU (molecu] .es per s) 2xl0 2 9 

Bolometric Bond albedo 0 - 0.17 

Photometrically estimated parameters of the nucleus of 
Halley's comet (after Belton and Butcher 1982) 
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Table 3 

Date (UT) В 
(4th February 1984 ...) (raagn) 
(Dc_ and its decimals) 

4.266 24.4 
4.298 24.2 
4.334 23.2 
4.404 22.8 

Brightness variation of Halley's comet on the 
night of 4th February 1984 (after Lecacheux 
et al. 1984a, and Leliévre 1984a) 
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