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Synopsis
The basis elements and the perturbed motion of the periodic comets Halley and Olbers during 
their two preceding revolutions and the present one have been computed; ephemerides for their 
coming return are derived. A non-gravitational effect has been taken into account, and it is shown 
that in addition to this the comets have been perturbed by other, unknown forces.
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I. Introduction

The problem of the origin of non-gravitational forces and their influence on the 
motion of comets might be solved by orbits computed in strict accordance with 
the law of gravitation for periodic comets with longer periods, 60 to 76 years, 
because these comets remain near the Sun only for a short time compared with 
the length of their revolution, so that a non-gravitational effect near the Sun can 
be estamated after a long period of accumulation.

On the other hand, if there is an effect originating in an unknown mass far 
from the Sun, this might be recognized as a slowly perturbation in the varying 
elements of long periodic comets, which coulrd hardly be realized in the case of 
short periodic comets moving nearer to the Sun.

Among the 67 periodic comets known for more than one revolution, only 5 
have orbits of this dimension, and only 3 of them, comet Hallay and the periodic 
comets Pons-Brooks and Olbers, have been observed sufficiently for accurate 
orbit determination.

The orbit of comet Halley has been investigated by several independant 
computers, while for comet Pons-Brooks there is no definitive computation. The 
orbit of periodic comet Olbers has been investigated by Besseld) and Ginzel<2) 
but only for the first revolution. A repetition of Ginzel’s computation including 
the second revolution has been carried out by myself and published in two 
papers^3). The second of these investigations reproduces the time of perihelion 
1818, 1887 and 1956 fairly well, provided the mass ofjupiter is given a correction 
og —0.34 per cent. It is also shown that just the same correction to the Jupiter 
mass will bring the orbit of comet Halley computed by Cowell and Crommelind) 
into accordance with the recognized time of perihelion in 1759, 1835 and 1910.

However, this correction to the mass of jupiter can not be accepted. But then 
the elements drived for comet Olbers, and the semi-major axis in particular, are 
not correct and must be improved using the usual mass ofjupiter. This will be 
done in the present paper, which also includes the predicted ephemeris for the 
next return in 2023-2024.

The salient point of the investigation is the fact, that residuals in positions at 
the apparitions before and after those returns, which are used to fix the orbit 
orientation, might indicate that forces not originating in the Sun and the 9 planets 
must perturb the orbit, provided the residuals can not be eliminated by changing 
the comet’s length in the orbit. This is because a Solar pressure would push in 
the direction of the radius vector and could not change the inclination of the 
comet’s orbit.
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II. Comet Halley

The present orbit computation for comet Halley is based on Bobone’s alements 
and his normal places for the 1910 return*5) and on the normal places for the pre
ceding return in 1835 given by Westphalen(6). Both sets are reduced to the equinox 
of 1950.0 and are given in Tables 1 and 2 together with the geocentric distances 
T of the comet and the corresponding Solar coordinates interpolated from Her- 
get’s table(7).

The improvement of the elements for 1910 is done by runs of integrations 
back to 1835 where the integrated time of perihelion for 1835 was compared 
with Westphalen’s T. The improvement of the semi-major axis in 1910 has been 
done provisionally by the integral:

da k
3-t a/ö

( T integrated — T Westphalen)

da has been multiplied with each of the coefficients for this element in the 
equations of condition for 1910, and the products subtracted from the residuals 
on the right hand side. Then a least square solution repeated twice leads to the 
preliminar elements IV (Table 5).

Among several repeated integrations and solutions by least squares using the 
equations of condition for both apparitions the elements Va were chosen as basis 
for further computations. In this solution the inapplicable coefficients to dT for 
1910 in the equations for 1835 have been ignored. A correction of the elements 
Va by least squares using the residuals from the 1910 return only but without 
any further correction of the semi-major axis gives the elements Vb. Both sets of 
elements are shown in Table 5.

Both orbits were integrated back to 1759 and forwards to 1986. The resulting 
elements, coordinates, velocities and perturbations are shown in Tables 5, 9, 10 
and are almost identical for the two orbits. The residuals to the normal places 
are given in Tables 8. The residuals 14 to 20 in 1835 apparently are somewhat 
large, but only because here the comet’s geocentric distances, shown in Table 2 
are less than 0.25 A.U. As a further check the elements for J.E.D. 2391500.5 in 
1835, derived from integration Vb were improved by the residuals and equations 
of condition only for 1835. But here the value of the semi-major axis of integration 
Vb in 1835 was adopted. The resulting elements Vc are shown in Table 5 and the 
final residuals for 1835 are seen in Table 8. The latter are smaller than those 
of Va and Vb, and much like Westphalen’s residuals, which in his paper are given 
with opposite sign as c-o. However, the integration back to 1759 for these elements 
gives practically the same result asVa and Vb, and is not published.
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A few words should be said about the equations of condition given in Tables 3 
and 4. The method described by Stracke<8> has been chosen even if it requires 
the use of the equatorial values of the elements co, Q, z. The method, however, 
has certain advantages. When a comet moves fast near its perihelion in an ex
tremely eccentric orbit, the differential coefficients expressed in the polar co
ordinate system are less sensitive for second order errors than the vector coeffi
cients in the Cartesian system. Moreover, if arranged in Cracowian matrixes, 
Stracke’s method is quite as simple as those described by Banachiewicz and 
Herget. In the least squares solution the weights given by Bobone have been 
slightly altered. So the numbers 16 to 19 have got their weights reduced to half 
the value, because at this time the distance of the comet from the Earth is less 
than half a unit. This fact, together with the elongation distance from the Sun, 
produces phase angles, which give some systematic errors in the observations.

The perturbed motion of the comet has been computed by Cowell’s method, 
arranged in a suitable programme for simultaneous electronic integration of the 
coordinates of the comet orbits Va and Vb and 9 major planets, done by Ole 
Møller at the Aarhus University. The basis coordinates and velocities for the 
comet and planets are given in Table 12. The latter are derived by integration 
in the barycentre Si from the values given by Schubarth and Stumpff<9). The 
coordinates and velocities for Mercury are derived from Duncombe’s table(10)_ 
The planetary masses are those given by Clemence(11).

As comet Halley approaches Mercury in 1835 and 1910, the perturbation 
from this planet has been accurately taken into account in the region of perihelion 
by using half a day step integration. But the long run through the outer orbit has 
been calculated by neglecting the direct integration of Mercury’s motion and 
attraction on the comet, the Sun and the planets. Instead the mass of Mercury 
has been added to that of the Sun. This requires that, on the dates of change over, 
the coordinates and velocities of all the bodies get a reduction from the helio
centric origo So to the barycentric Si and vice versa<12) by:

, /ix dr\ . .
c/r = —wm : (lT^h) -77 =----- 77 : ( 1 + mi)at at

Then the integration step can be increased to 4 days, and the total number of 
integrations for each of the 11 bodies is reduced to about 22000.
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III. The Effect of Non-Gravitational Forces on Comet Halley

In Table 9 are given the osculating elements at different epochs within the in
tegrated periods, and here the elements Va and Vb in columns I and 2 show that 
the integrated time of perihelion in 1759 is T = J.D. 2363588.25. However, the 
elements derived by Rosenberger from observations of that apparition give the 
periheliontime T = J.D. 2363592.55 which is 4<.l30 later than the integration 
shows. This means that the elements of 1835 must have their osculating period 
diminished by 4'.*30 in order to reproduce the observations of 1759. But in that 
case a further forward integration from 1835 with the same reduced period and 
the corresponding semi-major axis will show an integrated T in 1910 to be the 
same 4'130 too early, i.e. the increase of the period has been confirmed.

If this phenomenon should be a result of the Solar effect on the comet, it will 
not be correct to consider it a constant daily increase in the semi-major axis; 
this action must have reached its climax in the days near the time of perihelion. 
Now the basis elements of the 1910 return osculate 193 days before the perihelion 
date. Then the radius vector was 3.1 unit or 5.3 times the perihelion distance of 
the comet orbit. Therefore a Solar effect on the comet was reduced to 1:28. We 
may take it that a Solar effect on the comet has insignificant influence before that 
day, and that the integrated motion back to 1835 is almost in accordance with 
the law of gravitation. At the perihelion in 1835, of course, the Sun will also 
push the comet and give the non-gravitational delay of 4‘?30 in 1759. It is impor
tant to keep in mind that by the backwards integration the effect acts with oppo
site sign.

During the perihelion passage in 1910 comet Halley gets a similar push by 
the Solar effect which will increase the period and delay the time of perihelion 
at the next return in 1986. This effect I have tried to take into account in the 
following way. At J.D. 2418980.5, which is 199 days after T in 1910, the radius 
vector reaches 3.2 and presumably the Solar effect again has terminated. On 
this day the osculating elements Va and Vb shown in Table 6 have been derived 
from the integrated coordinates and velocities. By means of the residuals from 
Table 8 and the correction d period = 4d —> da = 0.001721500 the equa
tions of condition for the 1910 return have been solved again. The resulting 
corrections lead to the elements Via and VIb. These elements, too, are shown in 
Table 6, and they are used as basis for a further integration forwards to 1986.

On the days around the expected day of perihelion in 1986 the elements are 
derived from the integrations of all 4 orbits. They are arranged in Table 10, 
where 4 columns give the different systems of osculating elements. The differences 
Via minus Va are given as the variation corresponding to the resulting 3'.*9585 
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delay in arriving to the perihelion in 1986. The differences of the variations in e 
and a show how sensitive the perturbation on these elements are. In Table 11 is 
given the predicted ephemeris for the coming return computed from the inte
grated coordinates of orbit Va, while the orbit Via has been used to compute 
the variation in the positions due to 3C.*95852 delay in the period. Also the star 
aberration is given in the ephemeris; it must be added to the geocentric observa
tion before this is compared with the epehemeris position interpolated to 
t- 0.00577 Q.

By means of the variation given in Tables 10 and 11 we can correct the 
elements and the ephemeris as soon as the comet has been observed.

Delay = 3.95852 • residual : variation
Correction = variation • delay : 3.95852

The existence of perturbations not originating in a radial pressure from the 
Sun can be proved if the corrected elements can not reproduce the new observa
tions.

No attempt has been made to compute the residuals between the integrated 
orbits and the observations of 1759. But there is an easier way to show the missing 
perturbations in the integrated orbits.

The elements derived by Rosenberger from the 1759 observations, when 
reduced to the equinox 1950.0 and supplied with perturbations from 2363592.5 
to 2363680.5 are compared with the integrated elements Vb Table 9 column 2, 
which originate in the 1910 apparition. The differences show the missing pertur-
bations especially in Q and z.

Vb
1759

Correction to 
Integration

Rosenberger
1759

Epoch 2363680.5 2363680.5
T 2363592.55055 2363588.24892 4230163

(JO 11027390 110Î6878 0Ï0512
Q 56.5739 56.5280 0.0459
i 162.3980 162.3705 0.0275

? 0.5845238 0.5844825 0.0000413
e 0.9676585 0.9676633 -0.0000048
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IV. Periodic Comet Olbers
In my previous investigation the elements for the 1887 return were in accordance 
with the time of perihelion in 1815, 1887 and 1956 provided the mass of Jupiter, 
used in the integration, gets the correction —0.34 per cent. But the residuals were 
not confirmed by means of continuous integration. The elements for 1956 were 
corrected assuming that the variation of the integrated period and the osculating 
semi-major axis in 1956 are both linear functions of the correction to the Jupiter 
mass. But only the first conclusion is true, therefore the elements for 1956 need 
a further correction based on the unchanged value for the mass of Jupiter. This 
correction has been made by means of least squares improvement with the re
siduals from the 1956 apparition combined with runs of integration from 1956 to 
1887. The resulting elements of the final improvement are shown in Table 13 
which also includes the integration back to 1815 and forwards to the next return 
in 2024.

In Table 14 are shown the normal places for all three apparitions and the per
turbations from the epoch of osculation for the elements together with the resi
duals of the comparison with the normal places. These residuals are quite satis
factory in 1956 but a bit systematic in 1887 corresponding to a variation of p.004 
in the denominator of the reciprocal mass ofjupiter used in the integration, which 
is due to the close approach of the comet to this planet in 1889.

For 1815 the time of perihelion has been corrected by 5^49562 in the compar
ison with the normal places.

The predicted ephemeris for the next return in 2023-2024 is given in Table 
15 together with the variation in the positions corresponding to an arrival 5 
days later.

As in the case of comet Halley we can deduce the remaining perturbation by 
comparing the integrated elements 1815 Vila in Table 13 with the elements 
computed by Ginzel(12) from the 1815 observations, when these last elements are 
integrated forwards to the same epoch as Vila.

Ginzel Vila Correction to
1815 1815 Integration

Epoch 2384250.5 2384250.5
T 2384089.98880 2384084.48910 5d49970
tn 65T57832 65757331 O7OO5O1
Q 85.34303 85.33798 0.00505
i 44.49993 44.49916 0.00077

7 1.2127846 1.2128258 -0.0000412
e 0.9310991 0.9316803 -0.0005812

(13)
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V. Conclusion
The comparison of elements integrated from the basis apparitions with elements 
for the apparitions 1759 and 1815 discloses perturbations not originating in a 
Solar effect, because this can not alter the elements Q and i. Most likely these 
unidentified perturbations originate in attractions from unknown masses far 
from the Sun or in pressure produced by streams of captured interstellar dust 
near the Sun. In the last case no constant effect in Q and i could be expected.

An investigation by Yeomans(14), which includes a non-gravitational term in 
the direction of the radius vector of comet Halley represents the perihelion date 
back to the apparition in 1607, and also shows that no transverse non-gravitational 
reduction is required, unless the 1909-1911 observations are included in the 
solution, and prior to the 1910 return there does not appear to be a time depend
ence in the transverse non-gravitational accelerations for nearly a millennium.

The computers who in the future adjust the elements of these comets by 
means of the coming observations, will find out whether a similar discrepancy 
will appear between their improved elements and the elements predicted in this 
paper.

In this connection it is emphasized that after the 1986 apparition of comet 
Halley the comet will have been very well observed during three consecutive 
apparitions.
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