
KFKI-1987-75/C 

R.Z. SAGDEEV 
К, SZEGÄ 
В.A. SMITH 
S. LARSON 
E. MERÉNYI 
A. KONDOR 
I. TÓTH 
A. KONDOR 
I. TÓTH 

THE ROTATION OF P/HALLEY 

Hungarian academy of Sciences 

CENTRAL 
RESEARCH 
INSTITUTE FOR 
PHYSICS 

BUDAPEST 



KFKI-1987-75/C 
PREPRINT 

THE ROTATION OF P/HALLEY 
R.Z. SAGDEEV4, K. SZEGä', В.A. SMITH3, S. LARSON3, 

E. MERÉNYI1'3, A. KONDOR1, I. TOTH2 

Central Research Institute for Physics H-1525 Budapest 114, P.O.B. 49, Hungary 2 Konkoly Observatory 
H-1121 Budapest, Konkoly Thege M. ut 13-17 3 Lunar and Planetary Laboratory, University of Arizona 

Tucson, AZ 85721, USA 4 Space Research Institute 
Moscow 117810, Profsoyuznaya Str. 88 

Submitted to the Anbrophys. Journal 

HU ISSN 0368 5330 



R.Z. Sagdeev, К. Szegő, В.Л. Smith, S. Larson, E. Merényi, A. Kondor, 
I. Tóth: The rotation of P/Halley. KFKI-1987-75/C 
ABSTRACT 

« 
The nucleus of P/Halley rotates as a slightly asymmetric top, the orien

tation of the rotation axis (the orientation of the angular momentum vector) 
is b=54° ̂ 15° , 1=219 ^15° in the ecliptic system. In the case of the 
rotation of an asymmetric top tha rotation axis is not fixed rigidly to the 
body, this means that while the nucleus rotates about the axis with the short 
period 2.2 ̂ 0.05 d its long axis "nods" periodically with the long period 
7.4 ^0.05 d. The amplitude of the "nodding" is about 15° ̂ 3° in both direc
tions relative to a plane perpendicular to the rotation axis. 

Р.З.Сагдеев, К.Cere, Б.А.Шмит, С.Ларсон, Э.Мерени, А.Кондор, И.Тот: Вращение 
ядра кометы Галлея . KFKI-1987-75/C 

АННОТАЦИЯ 

Ядро кометы Галлея вращается как несколько асимметричный жироскоп. Нап
равление оси вращения (направление вектора импульсного момента) Ь = 54 +15° 
1 = 219 +_1 5 в эклиптической системе координат. Ось цращения и тело жироскопа 
не связаны жестко; это означает, чтс при вращении ядра с периодом 2,2+̂  0,05 
Аней продольная ось ядра раскачивается с периодом 7,4_t_0,05 дней. Направление 
качания совпадает с направлением оси воащенкя и его амплитуда составляет 
15 +3 . 

Sagdeev R.Z., SzegS К., Smith В.A., Larson S., Merényi E., Kondor A., 
Tóth I.: A Halley üstökös magjának forgása. KFKI-1987-75/C 

KIVONAT 

A Halley üstökös magja egy enyhén aszimmetrikus pörgettyűkentof>rog, a forgástengely iránya (az impulzusmomentum iránya) b = 54 _•• 15 i;219 +_15 az 
ekliptika koordinátarendszerében. Az aszimmetrikus pörgettyű forgástengelye 
nincs a testhez rögzítve, ez azt jelenti, hogy miközben a mag a tengely körül 
2,2^0,04 napos periódusidővel forog, a mag hosszanti tengely: periodikusan bó
logat 7,4+_0,05 napos periódussal .. A bólogatás iránya megegyezik a forgásten
gely állásával, amplitúdója 1 5' _+ 3 . 



ABSTRACT 
The nucleus of P/Halley rotates as a slightly 

asymmetric top, the orientation of the rotation axis 
(the orientation of the angular momentum vector) is 
b=54<> +/-15°, 1 = 219» +/-150 in the ecliptic system. 
In the case of the rotation of an asymmetric top the 
rotation axis is not fixed rigidly to the body, this 
means that while the nucleus rotates about the axis 
with the short period 2.2 +/-.05 d its long axis 
'nods' periodically with the long period 7.4 +/-.05 
d. The amplitude of the 'nodding' is about 15<> +/-3<> 
in both directions relative to a plane perpendicular 
to the rotation axis. 

I. INTRODUCTION 
One of the scientific goals of the exploration of 

the nucleus of P/Halley was to investigate its 
rotational motion, to derive its rotation period. In 
the case of comets this is more than the general 
interest of astronomers since the knowledge of the 
rotational properties helps very much in 
understanding the 'technology' of cometary activity. 
Many important results were obtained by the ground 

based astronomers, concluding that Halley's rotation 
is characterized by two periods, one close to 2.2d, 
the other to 7.4d. The first paper in this series was 
the one of Larson & Sekanina (1986), in which by 
analysing the motion of dust in jets registered 
during the 1910 apparition the authors concluded that 
the rotation period is 2.2d. This was confirmed by 
many ground based observations during this 
apparition. Beiton et al. (1967) by analyzing the 
brightness variation of the nucleus during a period 
when it was very likely inactive (when it was farther 
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than 5 AU from Sun) concluded со a period of 54h 7min 
or 53h 58min +/-2 min. Celnik (1987) analyzing tail 
events from Feb. 17 to Apr. 17 1986 found variations 
which were consistent to a 53.5+/-1.7h rotation of 
the nucleus. In the near nucleus zone photometric 
measurements were done by Lebowitz and Brosch (1987) 
using filters centered around the wavelengths 4845, 
5140, 6840 and 7000 angstrom: during November and 
December 1985. Their results revealed periodic light 
variations with 52h period, interpreted as the effect 
of the rotation of the nucleus. 

This period was also confirmed by Lyman-alpha 
experiment aboard SUISEI (Kaneda et al., 1987). From 
the remote observation of the Lyman-alpha H-line from 
14 Nov. 1985 to 11 January 1986 and later from 9 Feb. 
to 14 April (with an interruption between 1-10 March) 
a strong breathing of Comet HaLley was revealed with 
a period of 2.2d (52.9 h) identified with the 
rotation of the nucleus. 

There were observations, which were inconsistent. 
with the 2.2 d period. Cochran and Barker (1987) 
reported spectrophotometric observation of Halley 
during a period from December 1984 through June 1986. 
In that period the brightness were quite variable on 
timescales of a day, with variations of a magnitude 
or more. However, they did not find correlation in 
their data with a 52-53 h rotation period. 

Papers have also been published in which explicit 
7.4 d rotation period was deduced. Millis and 
Schleier (1986) observed the comet during two runs, 
March 4-18 and March 29- April 19, with filters for 
CH, NH, CN, C3, C0+ and C2 along with contir.uum 
regions. The data were reduced by the Haser i.iodel. 
The authors applied the method of phase dispersion 
minimization to find the periodicity. Samarasinha et 
al. (1987) analyzed the phase of CN gas jets during 
16-29 April as they appeared on enhanced images. From 
the appearance and fading of CN gás jets they 
concluded that there is a 7.4 d period in the 
rotation of the nucleus. Festou et. al (1986) 
published data obtained during 13 month. Applying 
corrections to the apparent brightness, they found a 
7.4 d period in their data. S. Larson (198?) observed 
both the 2.2 d and 7.4 d period. The short period v;as 
deduced from jet motion, the long one from brightness 
variations. So the case for two periods is well 
documented in ground based observations. 

If people are in doubt concerning the motion of an 
object, there is nothing better than observe the 
object directly. This was attempted by the two VEGA 
and GIOTTO missions. These observations are 
summarized in the next section. In Sec. 3 we analyse 
the rotation of an asymmetric top and deduce our 
solution. 
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II. DATA ANALYSIS 
In this paper we use the near-nucleus images of the 

VEGA mission and one Giotto image, where the full 
nucleus can be seen (courtesy of U. Keller). 
In our analysis here a cometocentric coordinate 

system is used (C) defined in Fig.l. Its x-y plane is 
parallel to the ecliptic plane, the z axis points to 
ecliptic north, the x axis is antiparallel to the 
vernal equinox line. 

The VEGA near nucleus data set has been described 
many times (Sagdeev and Szego, 1987a). It consists of 
63 VEGA-1 images of 128x128 px large, taken between 
+10 min around closest approach with 3 different 
filter, and 3 VEGA-2 images of 512x512 px large, 
taken between -1.5s and 187s around closest approach, 
on which the nucleus is identifiable. 21 VEGA-1 
images were selected for further processing. This 21 
VEGA-1 and 3 VEGA-2 images were used in this 
analysis. Their pertient data are summarized in Table 
1. The images were corrected according to calibration 
data, and coherent noise of unknown origin was 
removed by Fourier filtering. 
The VEGA-2 images are sharp, the VEGA-1 images are 

fuzzy since the imaging plane was slightly out of 
focus. Though this can be corrected using the point 
spread function it has not been done yet. 
The first very important step was to derive the 

shape of the nucleus from the above mentioned VEGA 
images. This has been indispensable to obtain the 
inertial momenta of the body; since without those the 
rotational motion can not be defined. 
The analysis, which resulted the shape has been 

published elsewhere (Sagdeev et al, 1987b), here only 
the results are quoted. The nucleus has an irregular 
shape, the major dimensions are shown in Fig.2. As 
this is a very complicated body and the uncertainties 
are still quite big, in the present analysis we used 
a simpler shape. This was deduced from VEGA-2 image 
1198, where the nucleus was seen approximately 
broadside. The simplified limb of that image was 
rotated about its longest axis, this yielded the 
' zeroth order' model nucleus which is a truncated 
cone, capped at each end by hemispheres as shown in 
Fig.3. If we assume homogeneous mass distribution, 
the ratio of the maximal and minimal inertial momenta 
is 3.4 for this model. We may associate a dynamically 
equivalent, torque-free, rigid triaxial ellipsoid to 
the nucleus (i.e. its axes are parallel to the ax«s 
of the inertial ellipsoid, and the sizes yield th«, 
same inertial ellipsoid). Hence the axes of the 
dynamically equivalent ellipsoid associated to this 
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model has (if rounded up) 16 km long major and 7 km 
long minor axes. However, from Fig.2 it is evident 
that the nucleus is not a symmetric top, and it is 
known that the rotational motion of a symmetric and 
an asymmetric top is very different. So we have to 
modify the length of one of the minor axis of the 
dynamically equivalent ellipsoid, on the base of some 
other data. Comparing Fig. 2 and 3 it is conceivable 
that the length of one minor axis should be 
encreased, with some arbitreriness e.g. to 8 km. This 
value will be discussed later. 

To continue the analysis of rotation, the best 
thing would be to identify surface features on the 
images and follow them through different encounters. 
The present quality of the data does not allow this. 
What we can do instead is to identify the approximate 
position of the major intertial axis x during the 
different encounters. This is possible since 
comparing the zeroth order shape (Fig.3) and the real 
shape it is conceivable that the associated 
dynamically equivalent ellipsoid are close to each 
other with respect to the long axis orientation. This 
is an important assumption in our analysis. 

It is necessary to have at least a very crude model 
for the reduction, because only this allows to take 
into account illumination effects (generally only 
part of limb is lit by the Sun). 
We proceeded further in two steps. We simulated on 

computer the individual images using the zeroth order 
model and its surface brightness assuming homogeneous 
surface and appropriate phase function. By comparing 
the original and simulated images it was easy to 
check that we had understood the general encounter 
geometry, the position and orientation of the small 
and big end of the nucleus (Sagdeev et al. 1987c). 
Using the measured positions and the knowledge of the 
spacecraft-comet gei-metry at the moment of exposure 
of each of the individual images, the spatial 
orientation of the major axis could be easily 
reconstructed. To do this, we employed the same 
algorithm that we used to identify the 3-dimensional 
geometry of the Halley jet structure (Smith et al. 
1987a). In what follows, the direction of the major 
axis always means the one from the small towards the 
big end. 
We began with VEGA-2 images 1190, 1194 and 1198 to 

determine the orientation of the major axis at the 
times of the Vega-2 encounter on March 9, 1986 at 
07:20 UT. The vector representing the major axis was 
estimated to point towards b=9° 1=310°. The 
heliocentric latitudes of the Sun viewing from the 
nucleus were b=-2«, 1=64» for Vega 1 and b=-0.5°, 
1=600 for Vega 2. 
In Table 2 we show the sensitivity of this method 
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to different inferred values of 1 and b for the three 
Vega 2 images. In the case of the Vega 1 encounter, 
we have still an additional constraint in that we can 
identify two images, 1838 and 1847, exposed within 20 
sec of one another, between which the major axis was 
pointed toward the spacecraft. Thus at the time of 
Vega 1 encounter on March 6, 1986 at 07:20 UT, the 
major axis was pointed somewhere between 1=70° and 
1=81°. The value of b is restricted by the assumed 
shape shown in Fig. 3 and by the fact that on image 
1847 the nucleus appears to be approximately round. 
Thus the boundaries +7<><b<+23.5° should not be 
violated. In order to obtain a more precise position, 
it was necessary to examine those Vega 1 images which 
were taken more than 66 sec after closest approach; 
on these, the Sun is above the horizon of the nucleus 
and the nucleus is seen from a more broadside 
direction by the spacecraft. Within the above 
mentioned boundaries, the best fit was obtained as 
l=79o andb-+15°. The sensitivity of the fit is 
similar to the Vega 2 case. In the process of 
iteration, the appropriate changes in the projected 
linear dimensions were, of course, taken into 
account. 

To assess the errors inherent in our determination, 
we must consider the following. The Vega 1 images 
appear to be somewhat fuzzy, as a result of the 
camera being slightly out of focus. Although the 
formal measuring error is only about +/-1.5°, larger 
systematic errors could be introduced by the softness 
of the images. Our assumed shape also has its 
associated systematical uncertainties. This is 
particularly significant because the Sun never 
illuminates more than half of the limb contour on any 
given image, and the terminator is also undoubtably 
more complex than our simple model would predict. We 
estimate these cumulative errors to be approximately 
4-/-5o . 

It is not straightforward to find the orientation 
of the axis during the Giotto fly-by. The reason is 
that due to the 'kamikaze'-type mission, all the 
images, where the whole nucleus ie seen were taken 
basically from the same view angle, i.e. from the s/c 
direction (in reality , 1<> off). The Giotto velocity 
vector poin+ed towards b=10°, 1-340.5° (courtesy of 
K. Wilhelm), the image plane was perpendicular to 
this. The major length of the nucleus on the image 
plane was 14.7 km (Reitsema et al. 1987). Taken into 
account the real length mentioned above, there is a 
.92 reduction in the projection of the major 
dimension. This means that the angle between the x 
axis and the image plane was 23<> . The angle betweeh 
the Sun and the projected major axis is also known, 
it is 32=/-lou (H. Reitsema, priv. communication). 
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The reason for the big error bar is that it is 
difficult to identify the sunlit limb on the Giotto 
images. The error bar is big enough to reconciliate 
the Giotto position with many different rotational 
modes. To be definite, for this calculation we did 
th3 following: as the dark limb of the nucleus is 
very clearly identifiable on the Giotto image, we 
fitted our model nucleus to the dark limb, and 
accepted (scaled appropriately) the model axis as the 
long axis position. This way we got b=-32. The 1 
value can be inferred from the data above, 1=287° and 
1=235°. Only the first is consistent with the VEGA 
observations. Fig. 4 illustrates the x axis 
orientations for the different missions and the 
appropriate Sun directions as seen from the nucleus. 

III. ANALYSIS OF THE ROTATION 

In this section we analyse the motion of the 
nucleus as an asymmetric cop. We use the notations of 
Landau & Lifshits (wit4 the exception that the 
inertial momenta are denoted by Q), some of the 
results will Ьз repeated here for the reader's 
convenience. 

In our analysis we shall use 3 different coordinate 
systems. One is the cometocentric (Fig. 1) C-system, 
with axes X,Y,Z. The second one is attached to the 
inertial ellipsoid (E-system) in such a way that the 
center is at the center of mass, the axes x,y,z 
coincide with the main inertial axes so that Qz>Qy>Qx. 
The third system (with axes x', y', z') is attached to 
the angular momentum (J-system) so that its и'-axis 
coincides with the direction of the total angular 
momentum vector J_. The centers of all the systems 
coincide. It is evident that the J-system is fixed in 
C. The motion of E relative to J will be characterized 
by the Euler angles 9 , <p, Ф , according to Fig. 5. The 
rotation of the nucleus means the motion of E relative 
to J or С. 

Based on the 13 month long observation of Festou et 
al. (1986) during which no change was registered in 
the long period motion, we accept that the motion in 
question is the rotation of a free top. 

There are two important integral of motion for the 
free top, the angular momentum J2=eQiWi and the energy 
of the motion, 2E=eQi wi , satisfying 2EQi>J2>2EQx. As 
described in Landau & Lifshitz, in the fixed E system 
3 cases can be distinguished: 

a.) J2>2EQy. In this case the angular momentum 
vector circulates periodically on closed orbits 
(polhodes) about the z axis (short axis mode). 

b.) J2<2EQy. The angular momentum vector circulates 
periodically on polhodes about the x axis (long axis 
mode). 
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с.) J2=2EQy. The angular momentum vector converges 
towards the у axis. 

The polhodes are shown in Fig.6. This type of 
description was applied to the cometary case by Julian 
(1987). The sign of J2=2EQy is the same as that of 

(J2-2EQy)/QyWy = Qz/Qy (Qz/Qy -1) wz /wy + 
(1) 

Q«/Qy (Qx/Qy -l)wx/wy 

Comparing the VEGA and GIOTTO images the 
possibility of the long axis mode was rejected by us 
(Smith et al., 1987b). As it can be seen the actual 
data also proves that (1) is always positive. 

In what follows we start to analyse the short axis 
mode. If J2=2EQi! . the J and E systems were identical. 
If J2 <2EQz, the Euler angle э measures the angle 
between the z and z' axes. Since J2>2EQy but Qz is 
only slightly bigger than Qy (our choice for the axis 
of the dynamically equivalent ellipsoid are 16, 8, 7, 
so Qz/Qy =1.05, QZ/QK=2.8, Qy/Qx=2.7) э can not be too 
large. For this case the equation of motion of an 
asymmetric top is solved in Landau. 

The motion is charactrized by two periods, we and 
wi , satisfying 

wi = we (Qz/Qy - 1) (Qz/Qx - 1) (2) 
The Euler angles between the E and J systems change 

in time as 
tg2+ = Qx(Qz-Qy )/Qy(Qz-Qx) ctg2 wit (3a) 

2(l-cose)=b2 { (Qz/Qy-1) cos2wit + 
(3b) 

+ (Qz/Qx-1) sin2 wet) 

Ф = wet-ф (3c) 
The position of the longest axis of the dynamically 

equivalent ellipsoid (denoted by n' in J, and by n in 
C) can also be calculated. In first order of $: 

nx = cos wet, ny = sin wet, m ~ a coewi t (4) 
where a2 = b2 (Qz/Qy -1), i.e. this axis rotates 

uniformly about the angular momentum in the x-y plane, 
with the short period, and 'nods' periodically with 
the long period. 

In second order of 9 (this approximation is 



necessary) Eqs. (4) look like as: 
nx = cos wet + 1/2 a 2 coswi t . (Qz/Qy-1) 

[(Qz/Qx -1) s i n wi t . s i n wet - (5a) 

(Qz/Qy -1) cos wi t . cos wet] 

ny = s i n wet - 1/2 a 2 cos wi t . (Qz/Qy -1) 

[(Qz/Qx -1) s i n wi t cos wet + (5b) 

(Qz/Qy -1) cos wi t s i n wet] 

nz = a cos wi t (5c) 
In t h e above equa t i ons we have t h e fo l lowing 

pa rame te r s : 
- t he p o s i t i o n of J r e l a t i v e e t o C-system (3 d a t a ) 
- t h e i n e r t i a l momenta Qz , Qy, Qx (3 d a t a ) 
- we or HI i n eq. (2) (1 d a t a ) 
- the amplitude a in Eq. (4-5) (1 data) 
We have the following input data from observations: 

Qz , Qy , Qx; we and wi ; the position of д in the С 
system at the Vega 1 encounter n(to)=n_ii the tim*v 
tl=72h between Vega 1 and 2 encounters, the position 
of n at the encounter n(to+ti)=n2 ; the time difference 
t2=184.67h between the Vega 1 and Giotto encounter; 
the position of n at the encounter rj(to+t2 )=nG . 

Three equations can be written down for the 
projection of n onto the rotation axis e_z : 

gz . a (to ) = n'z (to ) (6) 
and similarly at to+ti and to+t2 ; and two for the 
rotation in the plane perpendicular to ez • 

(gz . n.(to))(e.z . a(to+ti)) = 
n'x(to) n'x (to+ti ) + n'y(to) n'y(to + ti) 

(7) 

and similary between the other encounters. However, 
since n2 and QG are very close to each other, the 
relative error of their difference is very high and 
the equation connecting them is of no use. Since the 
scalar product of vectors are rotationally invariant, 
these equations connect the parameters defined in 
different systems. 

As the equations are complicated enough, we 
proceeded as follows: 

- for the dynamically equivalent ellipsoid 16 km 
long axis and 7 km short axis were taken as inferred 
from observations; 
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the length of the third axis, 8 km, was derived 
from Eq. (2) using 2.2 d for the short and 7.4 for the 
long period from observations; 

the two meaningful equations of Eqs. (7) were 
solved for to and b; while doing so the short period 
was fine tuned to 53.6 h. 

at last Eqs. (6) were solved for the orientation 
of the rotation axis (i.e. for the rotation of the 
angular momentum in C). As we had three equations for 
the two parameters, the consistency of the solution 
could be checked, as well as it made possible some 
iterations of the previous steps to obtain the best 
solution of the constraints. 

The result of the calculation is the following: the 
nucleus of P/Halley rotates as a slightly asymmetric 
top, the orientation of the rotation axis (the 
orientation of the angular momentum vector) is b=54°, 
1=219° in C. In the case of the rotation of an 
asymmetric top the rotation axis is not fixed rigidly 
to the body, and the angular momentum vector and the 
angular velocity vector do not overlap. For P/Halley 
this means that while the nucleus rotates about the 
axis with the short period 2.2 d (53.6 h), its long 
axis 'nods' periodically with the long period, 7.4 d 
(178.5 h). The amplitude of the 'nodding' is about 14° 
in both direction relative to a plane perpendicular to 
the rotation axis. This result agrees very well with 
the one published by Julian (1987), who obtained 11« 
for the amplitude. 

The angle between the rotation axis and the long 
axis of the nucleus was 103», 83© and 104° for the 
Vega-1, Vega-2 and Giotto encounters, respecitvely. 
The phase of nodding was 153°, 298° and 166°, 
respectively. 

We estimate the accuracy of the rotation period as 
.05 d, the accuracy of the nodding as 3°, the accuracy 
of the orientation of the axis as 15°. These are 
cumulative errors due to measurements and due to the 
method of approximation we used to solve the equations 
above. 

IV. DISCUSSION 
The complicated rotation of the nucleus of 

P/Halley, characterized by many parameters can only be 
revealed by s/c imaging. However, only from long time 
ground based observations can be deducted whether its 
motion is free or forced. 

We repeat here the observational evidences for the 
different parameters. The free motion is inferred from 
the 13 month long measurements of Festou et al. 
(1986), revealing the 7.4 d long period, and both the 
1910 and present data for the 2.2 d short period. (A 
forced rotation model was published by Wilhelm 
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(1987).) The next important input is the dynamically 
equivalent ellipsoid. This can only be reduced from 
s/c data, with the assumption that the internal mass 
distribution is homogeneous, which more or less 
follows from the snow drift model of Whipple (1987). 
We are not aware of any model of cometary evolution 
which predict a drastically different distribution. 
From the measured shape the major and minor dimensions 
of the dynamically equivalent ellipse can be safely 
derived. At this stage the length of the third axis 
was derived to accomodate the short and long period by 
Eq. (2); but later having more precise imaging data 
this can be recovered directly. The short period is 
supported both by ground based and s/c data, since the 
rotation of the x axis - as reduced above - firmly 
documents a value around this. (But without the 
knowledge of the position of the rotational axis no 
exact value can be deduced.) We took the long period 
from ground based observations, to be 7.4 d. Festou et 
al. (1987) suggested that the 7.4 or 7.3 d period is 
just a false reflection in the light curve of a 14.6 d 
long period. In that case the lenght of the у axis of 
the inertial ellipsoid should have been chosen as 7.3 
km, which is also a possible set of input though it 
was not investigated here. What is important that in 
both cases the motion is a short axis mode. So alll 
long axis mode rotation models can be safely rejected. 
We have to comment also the determination of the 
orientation of the long axis based on the VEGA data. 
These are indispensable the appropriate 
visualization of the motion, nderstand the origin 
of the two periods and to obtain the orientation of 
the rotation axis and the amlitude of nodding. With 
the help of the VEGA data the Giotto data can also be 
put into context. Here the basic question is how 
reliable the statement is that its orientation 
coincide with the smallest inertial axis direction. It 
is impossible to give quantitative answer to this. Our 
belief that within the given error bar they coincide, 
is based on the study of the different unpublished and 
published three-dimensional models, and the internal 
consistency of the different data. 

The result presented above depends on the accuracy 
of the measurements and may change slightly in the 
future. We are sure however that the main features of 
the rotation will not chcince. 

In this paper we did not address the question why 
the long period defines the brightness variation as 
observed by many people. This will be discussed 
elsewhere. 
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Table 1 
Litt of Vega 1 images 

Time of exposure 
Image Ho. relat ive to closest 

approach (sec) 
F i l t e r b 1 Phase angle 

1589 -585 NIR 3?5 345°2 101?4 
1740 -215.6 ' RED - 1 . 1 329.2 85.2 
1759 -171.6 vis - 2 . 6 323.7 79.7 
1765 -158.6 RED - 3 . 2 321.7 77.7 
1774 -134.6 KIR -4 .4 317.3 73.3 
1796 - 83.7 MR - 7 . 8 304.2 60.3 
1802 - 70.6 VIS - 8 . 9 299.7 56.0 
1811 - 53.6 RED -10 .4 293.2 49.7 
1821 - 23.6 NIR - 1 3 . 279.5 36.9 
1828 - 6.6 VIS -14 .2 270.8 29.3 
1838 12.4 RED -15 .2 260.9 21.4 
184 7 34.4 MR -15 .9 249.8 15.2 
1854 58.4 VIS -16 . 238.9 15.0 
1861 66.4 RED - 1 5 . 9 " 235.6 16.2 
1870 90.4 NIR -15 .4 227.1 21.8 
1885 125.4 RED -14 .5 217.5 29.0 
1904 170.4 VIS -13 .4 208.9 36.5 
192» 2 Л . З MR -12 .5 203.4 41.5 
1928 228.4 VIS -12 .1 201.6 43.2 
1955 295.4 RED - 1 1 . 1 196.2 48 2 
2032 480.8 RED - 9 . 5 188.6 55.5 

List of Vega 2 images 

1190 -1 .5 KIR - 1 1 . 7 265.6 21.7 
1194 98.7 VIS -13 .6 220.3 23.5 
1198 187.3 RED - 1 2 . 1 202.5 38.7 

Table 2 
Apparent projected inclination to the ecliptic plane of the nucleus 
major axis for images 191o, 1194 and 1198 is ing several solution of 

1 and b 

b/1 320° 310° 300° 

14° -23 .7° -11.8° - 9 . 6 ° -28.8° -13 .5° -10.7° -35 .7° -16 .2° -12 .4 ° 

12° -21.8° - 9 . 6 ° - 7 . 4 ° -26.6° -1 ' . .9° - 8 . 5 ° -33 .4° -14.0° - 1 0 . 2 ° 

9° -18.3° - 6.8° 4 . 0 ° -23.3° - 9 .1° - 5 . 7 ° -29.7° -11.3° - 7 . 4 ° 
_ „ . , . 
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Fig.l The definition of the angles 1 and Ъ in our 
cometocentric coordinate system. The x axis 
is antiparallel to the vernal equinox line, 
the x-y plane is parallel to the ecliptic 
plane, z points to ecliptic north. The angle 
b is measured from the x-y plane, the angle 
1 from the x axis, counter-clockwise. 
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Fig.2 The crude shape and the main size* of the 
nucleus in three perpendicular directions. On 
top right the distances are given between the 
points o-f the drawing denoted by the same 
letter. 
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Fig.3 The model nucleus. 

Fig.4 The orientation of the long axis of the 
nucleus and the Sun position during the 
encounters. V stands for VEGA, 6 for GIOTTO, 
S for Sun, See the text for the exact values. 



- 16 -

Fig.5 The definition o-f the Euler angles between 
two arbitrary cometocentriс coordinate system«, 

Fig.6 The dynamically equivalent ellipsoid is 
exhibited in the E-system. The lines show 
different possible polhodes. 

the 
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