LUBOR KRESAK

ON THE COLLISIONAL HYPOTHESIS OF THE ORIGIN
OF THE PERSEID METEOR STREAM

Abstract: Evidences for a collisional origin of the Perse:d msteor stream, as maintained by Guigay, are discussed.
Tt is shown that the approaches of several cometary orbits to those of the Perselds do not support the opinion of their
common origin, being fully explainable by a pure chance. Moreover, the investigation of the dynamical conditions
of the hypothetical collision, based on the determination of the relative velocities of the concerned bodies in the region
of their nearest approach, leads to entirely unacceptable results.

A general theory of the random distribution of known cometary orbits around an arbitrary point in the space js
outlined and the due numerical results are derived. Using the present data other similar problems may be treated to
find out whether a grouping of cometary orbits towards any point may be explained by means of the Law of Chance

or not.

1. Introduction

In his paper on the constitution of the Perseid
meteor stream Guigay expressed the opinion that
the stream was generated by a sudden rupture
of the parent comet caused by a collision with
another body; at that collision five known comets
are said to have come into existence. The main
argument supporting this conclusion consists in
an approach of the orbits of the five comets in
question around a point in the space in which
the orbits of Perseids observed in different nights
approximatively intersect. The ecliptical co-or-
dinates of that point are

I = 28°57’
b= 165°15
r = 1.217,

and the comets concerned: 1825 II, 1826 V, 1862
IIT (the parent comet of the stream), 1877 III,
1909 I, and 1932 V.

More recently, several authors [2, 3] have shown
that the enormous dispersion of the stream may
well be attributed to planetary perturbations
dispersing continually the originally huge meteor

swarm. For this explanation, high original relative
velocities are not required ; just the opposite—they
may be scarcely admitted. Now the question
remains how to explain the peculiar grouping of
the orbits, found by Guigay, and whether it may -
be taken for a matter of chance only.

2. The Dynamical Conditions of the Hypothetical
Collision

For a deeper insight into the dynamical condi-
tions of the hypothetical collision, the relative
velocities of the comets near the point of separa-
tion are of a particular interest. These velocities
may be obtained directly from the orbital elements.
For the sake of simplification of the numerical
computations, we shall assume parabolical orbits
in all cases. As the point of the nearest approach
of the orbits lies in a not too great heliocentric
distance (r ranging from 0.95 to 1.38 in individual
cases), and the major axes of the orbits are consi-
derable (¢ = 24.3 and more), the errors introduced
with this simplification are negligible for our pur-
pose. In the resulting velocity they amount to
about 19, for comets 1862 IIT, 1909 I, and 1932 V,
and are even substantially lower in the remaining
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three cases. Referring the velocities to the rectan-
gular system of ecliptical co-ordinates, we obtain
for the velocity components the following rela-
tions:

V,=i—f=%[~ (sinw—}—sinu)eosQ—-v

— (cos w -+ cos u) sin £2 cos 7]
dy ,Vo . . .

V,= at 1/_? — (sin @ + sin ) sin Q +
+ (cos w 4 cos u) cos £2 cos 1] (1)
_&_ 7y .,

V,= T ,E(J_(cosw—i—cosu)smz

Here V, denotes the circular velocity for r = 1
(29.8 km/s),  the argument of the latitude (u =
= v + o) and other symbols the usual orbital
elements. In Table X of the quoted paper by
Guigay, the true anomalies v of the five comets
and the true anomaly ¢’ of Comet 1862 IIT may
be found, in which the orbits approach to a mini-
mum distance one from another. Substituting
these values together with the due orbital elements
into (1), we find the rectangular velocity compo-
nents of the five comets (V,, V,, V) as well those
of Comet 1862 IIT (V,, V,, V;): Then the relative
velocities W of each of the five comets with respect
to Comet 1862 III in the point of the closest pos-
sible approach are

W=V, = VaF + (V, — 2

The results of the computation are summarized
in Table I. It is shown that the relative velocities
are high, ranging from 35km/s to 85 km/s with
an average at 60 km/s, whereas the parabolical
velocity at » = 1.217 is 38 km/s. The velocities of
separation which have hitherto been observed on
different occasions (the disintegration of Comet
Biela, 1882 II, 1947 X1II,1955 g) are three to four
orders lower. Even if we were to assume the possi-
bility of a rupture with such enormous relative
velocities of the separated comets, which is enti-
rely unbelievable, the resulting semi-major axes
would be dispersed in an absolutely different way
than the observations indicate. A great proportion
of orbits would be turned into hyperbolas, and
only for a negligible fraction the orbits of 1/a
within the limits 0.00 to 0.04, as actually observed,
could arise. A rough computation shows that if
a body is ejected at the given point from Comet
1862 ITI with an-initial velocity of 60-km/s and
if the ejections-in each direction are equally prob-

Vr+ (V.= Vo
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able, only four orbits out of 1000 would result,
for which 0.00 < 1/a < 0.04! Taking into account
the fact that the group of six comets observed
during the last two centuries must represent—
with regard to the long periods of revolution—
only a small fraction of the true total number,
the required character of the original collision and
rupture comes out absolutely inadmissible.

. Table I

1

1932 V

I
\ Comet

1825 Hi 1826 V | 1877 III| 1909 I

v _59.°0 | —164.°0 | —47.°8 | +39.°0 | +32.°0

v _47°5 |— 67.°0| —56.8 | —2.°8 | —51.°5

Vo +20.2 —5.8| —37.2 +9.5 | —29.0

Vy +5.0 —9.2| +89 | +285 | +16.1

v, _33.0 | —341| —1.9 | +31.0 | +2L.9

Vi +-15.8 +18.3| +17.2 450 | +16.4

vy —9279 | —263| —27.3 | —25.0 | —27.7

v | —22.7 | —16.0| —19.5 | —345 | —213

Ve — Vi +4.4 —24.1| —54.4 +4.6 | —454
Vy— Ty I 4+382.9 | 4+17.1| +36.3 | +53.5 | +43.8
V.-V, | —103 | —181| —17.6 | 4655 | +43.2
w ~ 34.8 34.6 67.7 | 84.7 76.5

Table IT
Comet l 182511 | 1826 V | 1877 III| 1909 I | 1932.V
1
. i 89.27 90.°6 77.°2 i 52.°1 71.07

ro (1600) | 0.046 3.66 0.84 1.16

l r 1 0.88 | 0.065 1.39 (190) 9.56

|

It may be emphasized that the wide variety
of the six orbits concerned can by no means be
explained by the planetary perturbations having
changed the orbits after the separation had taken
place at considerably lower relative velocities.
From Table IT it is seen that the orbital inclina-
tions of all these comets are high, and that their
nodes lie in considerable distances from the orbits
of the planets, except Comet 1932 V which passes
the descending node not far from the orbit of
Saturn. Moreover, such strong planetary pertur-
bations as were required would have dispersed the
orbits in such way that they could not more
approach to the original point of separation and
would bring about an additional dispersion of 1/a.

From all what has been said above it is obvious
that the hypothesis of a common origin of the six
comets 1825 IT, 1826 V, 1862 11T, 1877 III, 1909 1,
and 1932 V mhust he rejected anyway.
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3. The General Problem of Random Approaches of
the Known Cometary Orbits

As the problem of the grouping of orbits is of
general interest, it will be treated here in a more
general form. The basic question is, what is the
a priori probability that a given number of orbits
of known comets will approach to an arbitrary
point of space within a given distance. The solu-
tion of the problem may be substantially simplified
by introducing the following assumptions:

(1) The distribution of the directions of come-
tary perihelia with respect to the Sun is isotropical.
As a matter of fact, this assumption is approxi-
matively valid when omitting the short-periodic
comets, particularly those of Jupiter’s family,
exhibiting a striking ecliptical concentration. The
restriction of our examinations to the long-periodic
and nearly parabolical orbits seems to be quite
reasonable, and cannot anyway influence the re-
sults as to the particular problem of Perseids: the
point of the hypothetical collision lies, as a matter
of fact, in a high ecliptical latitude (b = 65°),
entirely avoided by the short-periodic orbits.

(2) All concerned orbits are parabolical. As far
as the short-periodic comets are omitted, this
simplification is usable. The hyperbolical orbits
and the elliptical orbits of high eccentricities depart
in moderate heliocentric distances but little from
parabolas of the same perihelion distances. Again,
for our particular case of r = 1.217 the assumption
is sound.

(3) The minimum distance in which the approach-
ing orbits are searched is small compared with the
heliocentric distance of the point of approach. For
different reasons it is advisable to restrict the
examination to a distance of about 0.1 astr. units
only; approaches within a still greater distance
are of no special interest.

From geometrical considerations we find for the
a priori probability P, that a point, selected at
random within a heliocentric distance R will lie

within a distance 4 from a parabolical orbit of

perihelion distance ¢, the following expression :

342

Zﬁ;/{{]/w (d;)dr (3)

where ‘ /r z

Inserting (4) into (3) we obtaln

Py

(4)

Py = ;’fng 5 ®

By means of trigonometric substitutions and
further adaptations (5) can be integrated as follows:

SV o+ o (Y2 )]
(6)

Formula (6) may be expressed with the aid of the
Gudermannians in a form more convenient for
numerical computations, as far as the values of
the inverse Gudermannians may be found in proper
tables, e. g. (4). We have:

34 q
Pr = ﬁ[l/ — gt e e V%] U

Now we shall examine the term in square
brackets. For the sake of simplification we shall
put '

Pp=

£ (8)
p= ]/1 -£ (9)
9

o 1)

For a uniform distribution of perihelion distances,
i. e.

Y = —

(10)

n(q) dqg = const. (11)

we obtain the mean values of x and v, respectlveh
as follows:

TR ”/
o o (V20

_le 1+”_’1da_%

dq-fll—ld/l—— (12)

Y =

(13)

According to (6), (12), and (13) the mean value of
the probability P, under the assumption (11) is
- 342
P, = SR
If there are n, comets with the perihelion distances
q < R, the expected number of comets passing
the point within a distance 4 comes out
34%ny,
2R
However, the distribution of perihelion distances
is actually far from being uniform, and it is neces-
sary to decide how much the results become altered
by accepting the actual distribution law, more

(14)

Ny = (15)

[}
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complicated and essentially different from (11). It
may be noted that the sums u + », which are
functions of theratio g/ R alone, represent the rela-
tive probabilities Py for the orbits of a given ¢/R.

n
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|
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/
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Figure 1. The observed and smoothed distribution of
known long-periodic comets ‘according to the perihelion
distances.

From formula (6) the mean values of u, » for
different intervals of ¢/ R may be found by integrat-
ing between the due limits ¢,, ¢,, for which

osf_y <5< (16)
Thus we obtain:
Ay
- 1 _—
ﬂlzsz}/l_ldlz
3
2 (1A — (1= A2
=3 R (17)
and
A2 _
-1 14+V1i—24 .
Vlz—mlflloge Td}.—
1 . 14 V1=,
7 8108 Vi
14+V1—12
1 Og V},l
V1 — 2 — /1T — 2.
IR CR A LR Ny CR P AL Ry M

6(2 — 4;)

The course of the function Pp/Pp= pu + v is
shown in Table III and Figure 2. We see that
Py/Pp, =1 if A =0 or A= 0.681; it attains the
maximum value of 1.200 at 4 = 0.305 and drops
to zero at A= 1. It is essential, however, that
within more than 4/5 of the interval from A =0
to A = 1, P,/Py, differs from one by less than 209,.
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Table III
P
A u v 2
PR

0.00 1.000 0.000 1.000

0.05 0.975 0.109 1.084

- 0.10 0.949 0.182 1.130

0.15 0.922 0.240 1.162

0.20 0.894 0.289 1.183

0.25 0.866 0.329 1.195

0.30 0.837 0.363 1.200

0.35 0.806 0.391 1.197

0.40 0.775 0.413 1.187

0.45 0.742 0.429 1.171

0.50 0.707 0.441 1.148

0.55 0.671 0.447 1.118

0,60 0.632 0.447 1.080

0.65 0.592 0.442 1.034

0.70 0.548 0.431 0.978

0.75 0.500 0.412 0.912

0.80 0.447 0.385 0.832

0.85 0.387 0.347 0.735

0.90 0.316 0.295 0.611

0.95 0.224 0.216 0.440

1.00 0.000 0.000 0.000
U+p
1.2

1.0
08
0.6
0.4
0.2
no T T T T T T T T T 4 A
00 01 02 03 04 05 06 07 08 09 1.0

Figure 2. The dependence between the quantities u + »
and 1.

Even if we assume for the perihelion distances
a distribution law substantially different from
that expressed by (11), the mean value of the
bracketted term in formula (6) will not much
differ from 1 and, consequently, the simple formula
(14) will represent a satisfactory approximation to
the actual state. Szlecting intentionally two pec-
uliar distribution laws, in which the perihelion
distances are uniformly distributed over the inter-
val (0, R/2) or (R/2, R) only and avoid the other
half of the interval (0, R), w2 obtain:

Pr _ 1160 for 0<q<£
P, 2
19)
Py R (
B, — 0840 fors <q<R
respectively.

For the actual distribution of perihelion distan-
ces, shown in Table IV, we obtain by numerical
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integration values which are still nearer to 1, e. g.

:Pi—R— = 0.953 for R = 0.5

Py

;%’1- = 0.951 for R=1.0

P’“ (20)
_P_;f = 1.050 | for R=1.5

Pr _

}—)R = 1.111 for R = 2.0

The fact that the expected number of approaches
computed according to (14) differs from the correct
value by a few per cent is unessential owing to
small quantities concerned. It may be inferred that
the number of approaches depends sensibly upon
the number of comets, passing within the helio-
centric distance of the point in question, but only
minutely upon the distribution of their perihelia
within this distance.

Formula (15) gives the mean expected number
of approaches N inside a sphere of the radius B
centred in the Sun. The corresponding number N7
on the surface of the sphere may be obtained by
differentiating as follows:

_ Npyan(B® 4 3RAR) — N RS _
- 3R2dR -

A2
= SR (” + RTR‘)
Not taking the differences between (5) and (15)

into account, the probability of an approach
would be independent of the heliocentric distance if

dn

dn 2np

dr = R

N

(21)

(22)

i. e. for a distribution law of the perihélion distances

n(q) dg = const. ¢ (23)

As the frequency of perihelion distances of known
comets increases slower than required up to about
g = 0.8 and even decreases for ¢ > 0.8, the proba-
bility of an approach to a given distance becomes
continually lower in the direction away from the
Sun. In the region where no more perihelia occur,

dng
1 becomes zero and
, A%n 1

Owing to the simplyfing conditions introduced
above, the expression (24) indicates the lower
limit of N7, whereas the expression (15) is obviously

Table IV
dn

R no np TRE NRA_2 N}IA—Z
0.1 20 18 172
0.2 36 35 - 187 . .
0.3 53 55 223 917 677
0.4 82 80 269 750 586
0.5 109 109 317 654 535
0.6 146 143 361 596 500
0.7 178 181 395 554 467
0.8 226 222 410 520 430
0.9 259 263 400 487 385
1.0 301 301 360 451 330
1.1 340 334 296 414 272
1.2 363 360 222 375 217
1.3 379 379 156 336 172
1.4 391 392 110 300 139
L5 402 401 85 267 117
1.6 408 409 73 240 103
1.7 415 416 65 216 91
1.8 421 422 59 195 82
1.9 425 427 53 177 73
2.0 430 432 47 162 66
2.1 437 437 41 149 59
2.2 441 441 36 137 54
2.3 445 444 31 126 49
2.4 447 447 26 116 44
2.5 449 449 22 108 40
2.6 453 451 18 100 37
2.7 453 453 15 93 34
2.8 455 454 12 87 31
2.9 456 455 9 81 29
3.0 456 456 7 76 26

the upper limit. Hence, for an arbitrary helio-
centric distance

1 ,
§NR<NR<NR

(25)
700
6001
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200
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Figure 3. The course of the function n R, its derivative,
dng

and ng + ;
R

for the observed distribution of perihelion

distances.

The principal formulae deduced in the text are
evaluated in Table IV, and the courses of the
functions concerned are graphically represented in
Figures 2—4. As a source of reference, the General
Catalogue of Cometary Orbits by Baldet and
Obaldia [5] was used. All short-periodic comets
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with semi-major axes smaller than 10, i. e. those
which due to the perturbing action of the planets
show a considerable ecliptical concentration of
orbits, and even in the region of the inner planets
800 \
\
\
700 \
600
500
400
300
200

100

0 T T T T T " R
0.0 0.5 10 1.5 2.0 25 3.0

Figure 4. The expected number of known long-periodic
cometary orbits Np (Np) passing a point of heliocentric
distance R (less than R) in a distance less than 4,
provided 4 < R.

deviate appreciably from the parabolical motion,
have been omitted. The first column of the Table
contains the heliocentric distance R, the second
column the actual number of known comets n,
with perihelion distances smaller than R, the third
the smoothed number of these comets nj, the
fourth the change of the smoothed number with

dn,
dR ’
tity Nz472, and the sixth the quantlty Npa—2.
From the last two columns the expected number
of approaches within a distance 4 may be obtained
by multiplying the tabulated values by 42.

A sample distribution of random approaches of

4

0.30- > 3
0.25- 2
0.20
0.15

0104

0.05

0.00 -+ T : r— . T R
0.0 . 0.5 1.0 15 2.0 25 3.0

Figure 5. The expected distribution of the distances 4
from a point to the five nearest orbits of known long-
periodic comets plotted against the heliocentric distance R.
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the nearest passing orbits to a point situated in
a heliocentric distance R may be derived by putting

A—R/ m—%
ne+ R—p R

where 4, denotes the distance of the nearest orbit,
4, that of the second nearest one, etc. For selected
values of R the sample distributions of the five
nearest orbits are evaluated in Table V; the de-
pendence of A4,(¢ = 1 to 5) upon R is graphically
-epresented in Figure 5.

(26)

Table V
R A, A, Vil 4, A,
0.5 0.031 0.053 0.068 0.081 0.092
1.0 0.039 0.067 0.087 0.10 0.12
1.5 0.065 0.11 0.15 0.17 0.20
2.0 0.087 0.15 0.19 0.23 0.26
2.5 0.11 0.19 0.25 0.29 0.33
3.0 0.14 0.24 0.31 0.36 0.41

4. The Grouping of Cometary Orbits in Guigay’s
Problem

Now let us apply the outlined treatment to the
particular problem of the origin of the Perseid
meteor stream. Solving the above formulae for the
heliocentric distance R = 1.217, in which the
stream was formed according to Guigay, we obtain

ng = 363

dng \

Th = 210 (27)
. Npd—2 = 209

In his paper Guigay makes use of the catalogue
of cometary orbits by Yamamoto [6] extending
to 1936 only. As there are only 412 parabolical,
hyperbolical and long-periodic orbits (in the sense
quoted above) compared with the number 466 in
the more recent catalogue by Baldet and de
Obaldia, the quantity Np4~2 has to be multiplied
by a factor k = 0.884 and comes out

NypA—2 = 185. (28)

Accordingly, two random approaches within
0.1 astronomical unit may be expected, which is
just the number actually observed. A sample
distribution of minimum distances computed by
means of (26) is given in the second column of
Table VI. For the sake of comparison the actual
distances of the three nearest orbits have been
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extrapolated according to Table X by Guigay [1];
they are given in the third column of the Table
together with the designation of the comets in
question. It is seen that the agreement of the two
distributions is as good as possible and does not
require any additional assumption as to the
common origin of the bodies.

Table VI
3 \ A, A, Comet
|
1 ! 0.052 0.074 1877 111
2 0.090 0.079 1932 V
3 0.116 0.125 1825 I

However, the problem investigated by Guigay
is a little different from that treated here: instead
of the approaches to a given point in the space
Guigay examines the approaches to a section of
the orbit of Comet 1862 IIT delimited by true
anomalies v; = —47° and v, = —67°, i. e. by
R, = 1.140 and R, = 1.372. In this case the pro-
bability of a random approach of another orbit
will be increased by a factor ¢, where

o) %

e=1+ Afsmzﬂdﬂ —q =

_ 1 9 _ _ 9

SN PN [
/R, + VR, — ¢

+ q log,— ) (29)
]Rl"‘]/Rl“‘q

It must be emphasized that the formula (29) is
only an approximative one. It holds good for
a relatively short orbital are, in which the curva-
ture is unessential and the probabilities of an
approach in different points of the section may be
substituted by the mean value putting

2nR_I_Ran

)

Furthermore, it is based on the simplyfying assump-
tion that the directions of the motions of comets are
distributed isotropically. In our particular case,

e=1-+4+0.244 47
N’ = 173k42 = 15342

Hence the expected number of orbits N passing

Ny, = dR

(30)

(31)

within a distance 4 from the given section of the
orbit of Comet 1862 ITI will be

N =eN' = 153 42 + 37.3 4 (32)

E.g. for 4 = 0.05 we obtain N' = 2.2, for 4 =
= 0.10— N"" = 5.3. Again a sample distribution
may be derived by means of a formula analogous
2t — 1 .

5 and solving
(32) for A. The results of these computations are
summarized in Table VII.

o (26), i. e. by putting N’ =

Table VII
4 Vips A4, Comet
1 0.013 0.022 1825 IT
2 0.035 0.045 1826 V
3 0.055 0.060 1877 II1
4 0.072 0.071 1932V

It is seen that our fundamental conclusion as to
the fortuitous character of the phenomenon re-
mains unaltered by extending the investigation to
the whole indicated orbital arc. The distribution
of distances of the cometary orbits nearest to that
of Comet 1862 III coincides well with the expected
random distribution (the distances being generally
even somewhat greater than expected) and no
physical connexion of the comets needs to be
inferred.

5. The Grouping of Meteor Orbits in Guigay’s
Problem

In connection with the distribution of the orbits
of Perseids only few remarks are to be added. As
it is seen from Figure 29 of the quoted paper by
Guigay, and has already been pointed out by
Wright and Whipple [7], the approaches of the
Perseid orbits to the point of the hypothetical
collision are not too striking. Moreover, if the
orbits of the shower meteors at different dates are
deduced assuming a priori the apparent radiant
moving at a constant speed along a great circle
(which is commonly being done in practice), a re-
gular distribution of the orbits must result. If the
limiting orbits approach anywhere to a little dist-
ance from one another, also all intermediate orbits
must, as a matter of fact, pass through the region
of the limiting orbits’ approach. A similar point
of view, denying the significance of this grouping,
was expressed previously by Ahnert [3].
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6. Conclusions

From all what has been said above it is concluded
that the approach of five cometary orbits to the
orbit of the parent comet of the Perseid meteor
stream may not be considered as an evidence of
their common origin. The dynamical conditions of

the hypothetical collision are entirely inadmissible
and the situation of the orbits corresponds to
a random distribution. The phenomenon found by
Guigay does not support the opinion that the stream
of Perseids was formed by a collision at which the
five comets concerned have separated from a com-
mon parental body.

REFERENCES

[1] G. Guigay, Journal des observateurs XXXI, No 5 (1948).

[2] F. L. Whipple—S. Hamid, Fouad I University Bulletin No 41 = Harvard Reprint No 361 (1952).
[3] E. Ahnert-Rohlfs, Veroffentlichungen der Sternwarte Sonneberg, Bd 2, No 1 (1952).

[4] L. M. Milne-Thomson—L. J. Comrie, Standard Four-Figure Mathematical Tables, London (1931).
[6] F. Baldet—G. de Obaldia, Catalogue général des orbites de cométes de ’an —466 a 1952, Paris (1952).
[6] A. S. Yamamoto, Publications Kwasan Observatory I, No 4 (1936).

[71 F. W. Wright—F. L. Whipple, Harvard College Observatory Technical Report No 11 (1953).

14

© Astronomical Institute of the Slovak Academy of Sciences ¢ Provided by the NASA Astrophysics Data System



JIOBOP KPECAK

SAMETHA R TNITOTE3E O POBHUKHOBEHIUN METEOPHOTO
IIOTOKRA ITEFCEUN CPATKREHUEM

B cBoeit MorOrpagum o MereoproM moroxe Ilep-
cemy BEIcKaszan ['mre (Guigay) moramky, 4ro MOTOK
BOBHHUK cpaskeHHmeM Marepcroit xomers: 1962 III
¢ HHBEIM TejIOM, IpHYeM OJXHOBPEMEHHO ofpasoBa-
JI0Ch TATH H3BECTHHIX CAMOCTOATENBHEIX KOMET
1825 II, 1826 V, 1877 III, 1909 I = 1932 V [1].
K »sToMy wnpepgmoso;keHHIO Belo ero To 06cTo-
ATeJIBCTBO, 9TO BCE YKA3aHHHIE KOMETHL IIPOXOSAT
B 6pocaromeiicsa B ri1a3a GIX30CTH TOYKH, B KOTOPO

commxarores opourst [lepceny, HabmogaemMbx B pas- -

JIAYHHX HOYaX.

Hopefimne paGoTel 0 B5BONIONAN METEOPHBIX
TDOTOKOB MOKAa3aJjid, 9T0 SHOPMHAS IIXPOTa HOTOKA
ITepcemn moser 00BACHATHECA (oJlee HOJTHM BIIH-
AameM nudepeHINANLHEIX BOSMYIMEHUN U BCIOMI-
CTBHE 4ero, cTajio OBITHb, HeT HATOGHOCTH Hpemuo-
narath OONBINEE OTHOCHTEIbHEE CKOPOCTH LpPH
OTHEIIeHUH MeTeOpPOB OT MATePCKOH KOMETHI; Ha-
000pOT, 3TE CKOPOCTH TPYAHO HOIYCTHTH. Ilpm-
unHBl ocoboro pacupepenenus opbur Ilepcemp
U IPYNOIBL KOMET, MesKIy KOTOPHIMHE, IO YTBepIKie-
umio I'mre, cymecrByer ompefeseHHAas 3aBHCH-
MOCTh, He OBIIN [0 cEX mop o6bsacHens. B macro-
Amell paboTe HOKasEBAaeTCs, 9TO B CBSSH C HTHM
BOIIPOCOM peYh MOKeT HATH JIAIb O CIydJailHOM
rpynnmpoBke Ge3 KaKo#-nmmGo (u3mdYecKoidl 3aBH-
CHMOCTH.

OTHOCHTEIBHEIG CKOPOCTM HATH KOMET 1O OTHO-
mernio K Komere 1862 III B wmecrax camoro
Gompbiero cOMMKEHHA OPOMT SHAYUTENBHE —
of 35 mM/cex 1o 85 Km/cer. Bapue xomermoro
Apa, KOTOpHI OH IpPEBEJ K TAaKAM CKOPOCTAM
(8 3—4 mnopapgka GompbmuM dYeM B M3BECTHEIX
CIy9afx JlelleHms KOMeT), TpymHO cebe mpexcra-
BATh. Kcam GBI MBI M OIYCTHIIH 5Ty BO3MOKHOCTD,

mojiydaercs B3Iech HEBASKAa B pacIpefielleHnn
Gonpmux nonyoceit, ynomaryTax komer (0,00 < 1/a
< 0,04) m wrajxmoe WHOe NPeUOJIOKeHHe, IpH
TIOMOIIK KOTOPOro OBl MEI IBITATIECH 3TO pacIpe-
nejieHye 00BACHAUTH, IPUBEIIO OB K HeIPHEeMIIeMBIM
BeJIMYMHAM A MaCChl IePBOHAYANBHON KOMETHI
U WHTEH3WBHOCTH B3pHIBA. BOJIBIINE OTHOCHTEIH-
HEIe CKOPOCTYU HeNb3A OOBACHATH I BO3MYINAIOIINM
BINSHUEM IUIaHET IOCJIe paclaga; Bce OPOHUTH
ABJIAOTCA CPAaBHUTEIBHO MAajlo BO3MYIAeMEIMI.
Pemenne Bompoca, MoKeT-lE pacupefieleHAe KO-
METHHIX 0pONT ABIATHCA CINYIANHEIM, TOJIKHO OBITH
0CHOBaHO Ha pacdere BepoATHocredl. Ilockombry
BOIIPOC CIy9afHOrO IpUOIMKEHHSA KOMETHBIX Op-
OUT K JAHHOH TOYKE B CONHEYHOU CHCTEME HMEeeT
fonee mmpoKoe 3HAadYeHme, B HacrosAmeldl pabore
upmBoguTes obmee pemenue. Pacuer ocHoBaH Ha
pacopepenennz op6ur mo karasmory Banbpme (Bal-
det) m OGanpama (Obaldia) [5] ¢ mckIogeHmEM
KOPOTKOIEPHONMIECKUX KoMmeT. TaK Kak IpAMEe
amcWx B 9TOM cjlydae pacIpenesieHs H30TPOIH-
9ecKH, BePOATHOE MHOKECTBO OPOHT, IPOXONAMUX
Ha paccTOSHMN MeHbmeM deM 4 0T TAHHOH TOUKH,
3aBHCHAT HCKIIOYATEABHO OT TeJIHONEHTPHYECKOTO
paccrosrna Touku R. Bryrpu cdepu papmyca R,
i1 AL R cpepusas BepoATHOCTH CIYIaHOTO IpH-
OnmxeHENsa opOuTa K TOUKe OIpenessercd ypaBHe-
mueM (6); okumaeMoe MHOKECTBO UPUONMIKEHIH
Ny ana Ny, KoMeT ¢ IepHTeTHAHEM pPaccTOAHEEM
q < B ouens npmbimkeHEHO MOKeT OHITH [aHO
BripaskermeM (15). s rourm, HaxopAmeica Ha
TeJINONeHTPAYECKOM paccrofHmn R, oxmpaeMmoe
MHOKecTBO mpubimxeHuii N, ompepeiderca BH-
pasxermeM (21). OrpenpHble BenMYMHBI, HEO6XO-
OWMELe JI7If BEIYUCIEHAs, TpuBeneHs B rabanme 1V
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¥ Tarsie Ha puc. 3 u 4. Tabmuia V u puc. J uso-
OpasKaloT TUOMIHOE paclpejelieHne pacCTOAHUH
OATH CAMBIX ONH3KAX OpPOMT B PABIHYHBIX PACCTO-
SHUAX OT COJIHIIA ; OHM BRIYMCIIOHE! 110 Popmyie (26).

ITpumenenne mua caygasg Komer, — Ha B3TIAL
AKOOBI CBA3AHHEIX ¢ HMOTOKOM Ilepcemp, mpuBognT
K OJHO3HAYHOMY 3aKIIOYEHHIO, YTO 3aBHCHMOCTD
TONBKO KasRylmasicsi U cOnmKeHume opobuUT B IPo-
crpancTBe caydaiinoe. Harmannee Bcero moxaseBa-
jor a10 Tabmuns VIn VII, va roropsix m3o6paskeno
HCTHHHOE PAacTpejieleHne PACCTOAHTI CAMBIX GIIH3-
KUX OpPOHT OT MecTa IHIOTETHIECKOr0 CPAKeHHs,
pecm. or 20° pyrm opburer womers: 1862 III,
B CPaBHEHUH C OJKHJZAeMBIM pacIpefeseHueM.
Cornacue HaOmiOmeHHSA U PACYeTOB CBEPX OMKHUIA-
HEA XOPOIIO: B TOYKE IPEeJIONaraeMoro Cpaskenus
HeT HHKAKOTO CTYIMIeHUsA OpoOmT.

BsamMBOe cOnmxeHue MeTEOpPHHIX OPOMT TaK:Ke
He pemiaioliee s TeOpPHH BO3HAKHOBeHHA. Hak
ykasasn Paiir (Wright) 1 Vunnn (Whipple) B peit-
CTBUTEILHOCTH 37eCh He MIeT pedb O IepecedeHny
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opouT; TAKMKe B TOYKE CAMOIO TECHOrO IpHOIH-
/KeHNA paccesgHme eute 3HauyureibHee. IIpm 06BIY-
HOM cmocofe 06paboTKE Marepmasia, Korja Hare-
pen npefmosiaraeTcsi paBHOMEPHOE ABMIKeHHe MHHU-
MOT0 PaJIaHTA IO [VIABHOM OKPY/KEHHOCTU, Pe3yIlb-
rar I'mres me ymmsmrenen. Iocrarouno, d4TOGHI
B3aMMHO OpmOAM3uMamNch KpaiHme opOUTH (B Ha-
9ajie X B KOHIE TeATeIbHOCTH HOTOKA) M OCTAJIbHEIe
OpOUTSHl [OJIKHBL TAKMKe IIPOXOJUTH B OOIACTH
caMOr'o TeCHOTo HpUOJIMKeHMA STHX ABYX opomT.

W3 npuBemennoit paGOTH BETEKAIN 3aKIOICHHA,
4To fABIeHWe ommcagHoe ['Wmreom He [JOKa3BIBaeT,
HO U He IPOTHBOPEYUT JOTAJKE O BO3HUKHOBEHHH
Ilepcenn cpaskenumem m pmorapke o6 obImeM Ipomc-
xompennu wKomer 1925 II, 1826 V, 1862 III,
1877VI, 1909 I 1 1932 V. OtHOCHTEIBHEIE CKOPOCTH
5THX KOMET B MeCTaX CaMOr0 TeCHOTO CONMKeHMA
OpOMT BegyT K COBEPIIEHHO HEeIpHEeMJIeMBIM ycJIo-
BHAM CpajkeHHd, pecll. B3peBa. CaMo mOJOKeHHe
OpOHUT COOTBETCTBYET CAyYalHOMY pacIpeesieHnio
7 He YKaBhIBaeT HAKAKO# QuanudecKoil 3aBECHMOCTH.
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LUBOR KRESAK

K HYPOTEZE O VZNIKU METEORICKEHO ROJA
PERZEID ZRAZKOU

Velky rozptyl stalych meteorickych rojov,
ktorych 8irka uz v blizkosti zemskej drahy dosa-
huje niekolko desatin astronomickej jednotky,
mozno vysvetlit dvoma zasadne odliSnymi spd-
sobmi: )

1. Ak pripustime dostatoéne vysoky vek roja,
daji sa hlavné pozorované znaky jeho stavby
(trvanie ¢innosti, ostrost maxima, rozptyl radian-
tov) pripisat stupiiu postupného vyvoja. Podla
tejto predstavy, ktora dobre vyhovuje Whipplovej
a Dubiagovej domnienke o pomalom vytvarani
roja unikanim meteorov z okruhu kometdrneho
jadra, rozptyl roja je vysledkom dlhého diferen-
cidlneho pdsobenia planetarnych portch, pripadne
v stdinnosti s tlakom Ziarenia. Népadné rozdiely
v tvare jednotlivych znamych rojov st predovset-
kym priznakom rézneho veku a nie rézneho spd-
sobu vzniku.

2. Ak predpokladdme, Ze sa meteory z vidsej
¢asti rozptylia hned pri vzniku roja a Ze teda nie
vyvoj, ale sposob vzniku uréuje jeho neskorsiu
stavbu, treba ratat s odliSnym pdévodom jednotli-
vych typov rojov. Takyto nizor vedie vo svojich
dosledkoch k nevyhnutnosti katastrofického vzniku
(zrazky dvoch telies alebo prudkého vybuchu), pri
ktoroma meteory opustaju jadro vysokymi rela-
tivhymi rychlostami.

Nézor na zasadni otdzku, &i charakteristické
znaky stavby meteorickych rojov urduje vznik
alebo vyvoj, nie je dosial jednotny. Mozno povedat,
Ze vadsina autorov vychddza z logickejsieho sta-
noviska [1] a Ze na jeho zdklade sa uz dosiahli
i urdité uspechy vo vyklade pozorovanych zjavov,
napr. v pracach Whippla, Hamida, Ahnertovej
alebo Plaveca. Najnovsia tedria druhej skupiny

2 Prace astronomického observatéria

pochddza od Guigaya, ktory ju aplikoval priamo
na vznik meteorického roja Perzeid.

Vo svojej obsiahlej monografii o tomto roji
upozornil Guigay na to, Ze drahy Perzeid, pozoro-
vanych v réznych nociach, pretinaji sa v priestore
alebo aspoil ndpadne zblizuji v bode o helio-
centrickych suradniciach I = 29°, b = +65°, r =
= 1,22 astr. jednotky. Prieseénik drih poklads
Guigay — podobne ako Baldet v pripade Andro-
medid — za miesto ndhleho vzniku roja zrazkou
dvoch telies. Aby tieto telesd identifikoval, vyhla-
dal podla elementov vietky zndme kométy, ktoré
sa k bodu mézu priblizit, a zistoval minimilne
vzdialenosti ich drah od drahy materskej ko-
méty 1862 III. Skutoéne sa mu podarilo nijst pat
pripadov néapadného pribliZenia, a to u komét
1825 11, 1826 V, 1877 III, 1909 I a 1932 V. Vietky
sa v skiimanej oblasti mé6Zu priblizit ku drahe ko-
méty 1862 ITT az na 0,02—0,07 astr. jednotky dize
na vzdialenost o jeden rdd mensiu, ako je dneSna
Sirka roja v perihéliu. Guigay preto vyslovil do-
mnienku, Ze nielen kométa 1862 II1, ale i ostatnych
pit ma spoloény povod s Perzeidami a Ze vznikli
rozdelenim jedinej vidsej kométy pri zrazke s inym
talesom. Hoci prace inych autorov o vyvoji meteo-
rickych rojov ukdzali, Ze enormn4 Sirka Perzeid sa
da Tahko vysvetlit i dlh&im pésobenim poriuch na
povodne koncentrovany roj, zjav opisany Gui-
gayom nebol dosial uspokojivo vysvetleny. Jeho
nové podrobné preskiimanie bolo potrebné nielen
pre vyjasnenie otazky vzniku Perzeid, ale predo-
vietkym s ohladom na moZné zovieobecnenie na
iné meteorické roje.

Doplnenie Guigayovej teérie — ktord vychadza
z Gisto geometrického hladiska — po stranke dyna-
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mickej vedie k celkom neprijatelnym ziverom. Vy-
pobet relativnych rychlosti piatich komét vodi
kométe 1862 III v miestach najvaésieho pribliZenia
drah déva vysledky od 35 km/s do 85 km/s, teda
hodnoty o tri—styri rady vyssie, ako boli dosial
pozorované pri deleni kometérnych jadier. (Samé
Perzeidy maji podla fotografickych merani rozptyl
rychlosti najviac +1km/s, z éoho do smeru nor-
maly pripadd zhruba 19,.) Vybuch, ktory by
viedol k takym vysokym rychlostiam, je tazko
predstavitelny; tym viac, ak sa pri fiom maji
vytvorit podruzné kompaktné kometdrne jadra!
I keby sme takito moznost cheeli pripustit, od-
poruje jej rozdelenie velkych polosi. Pri izotropic-
kom vybuchu rychlostou 60 km/s by iba pre 0,4%,
tlomkov platila nerovnost 0,00 <'1/a < 0,04, za-
tial ¢o v skutodnosti polosi vietkych Siestich komét,
uvadzanych Guigayom do stvislosti s rojom Per-
zeid, lezia v tychto hraniciach. Okrem toho je
v relativne kriatkom d&asovom intervale pravde-
podobnost objavu kométy nepriamo imerna dobe
obehu. Pozorované rozdelenie polosi teda ani zda-
leka nezodpoveds odakavaniu a na obhajobu Gui-
gayovej domnienky by sme museli zaviest velmi
nasilné predpoklady, Ze 1. materskd kométa roja
bola pdvodne o vela rddov hmotnejia ako nor-
malne kométy, 2. Glomky o kratsich obeznych do-
bach medzidasom vsetky zanikli. Vysoké relativne
rychlosti sa nedaji vysvetlit ani poruchovym pé-
sobenim planét v dase po rozpade: vSetky drahy
st pomerne malo rulené a vysledny uéinok portich
by tak &i tak bol celkom iny.

Rozhodnutie, ¢i zoskupenie Siestich kometdr-
nych drdh, na ktoré upozornil Guigay, méze byt
ndhodné, treba zaloZit na kritéridch poétu pravde-
podobnosti. KedZe otdzka ndhodného pribliZenia
kometarnych drdh mé §ir§i vyznam, v prici sa
rieSi v zovSeobecnenom tvare. Pri skutoénom prie-
storovom .usporiadani drah kratkoperiodickych
a dlhoperiodickych komét je v prvom pripade
pravdepodobnost ndhodného pribliZenia dvoch
dréh funkciou ekliptikélnej Sirky a heliocentrickej
vzdialenosti, v druhom pripade, kde priamky apsid
su orientované priblizne izotropicky, iba funkciou
heliocentrickej vzdialenosti. V Guigayovom &pe-
cidlnom pripade, kde miesto hypotetickej zrazky
lezi vo vysokej Sirke (4-65°), stadi uvazovat iba
druhd zavislost pri sidasnom vylddeni vyslovene
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kratkoperiodickych dréh a zanedbani elipticity
dlhoperiodickych drah. Potrebné Statistické data
mozno vybrat z generalneho katalégu Baldeta
a de Obaldie alebo — pre jednotnost s Guigayovym
materidlom — zo starSieho katalégu Yamamo-
tovho. Vzorce pre vypodet pravdepodobnosti né-
hodného priblizenia drah st odvodené v tretom
odseku préce; koneény vysledok je zndzorneny na
obrizku 5, ktory ukazuje odakivané rozdelenie
vzdialenosti najblizsich piatich drah od Iubovolne
zvoleného bodu v danej heliocentrickej vzdiale-
nosti. :

Aplikacia na pripad komét, zdanlivo sivisiacich
s rojom Perzeid, vedie k jednoznaénému zaveru, Ze
priblizenie drah je v tomto pripade celkom na-
hodné. Najzretelnejsie to ukazuju tabulky VI
a VII, v ktorych je skutoéné rozdelenie vzdiale-
nosti najbliz8ich drah od miesta hypotetickej
zrazky, resp. od 20° oblika drahy kométy 1862 III,
porovnané s ofakidvanym ndhodnym rozdelenim.
Sthlas pozorovania a vypoétu je nad oéakivanie
dobry: v bode predpokladanej zrazky sa nevysky-
tuje nijaké zhustenie kometarnych drah.

Ani vzajomné pribliZenie meteorickych drah nie
je rozhodujtce pre tedriu vzniku. Ako uZ upozor-
nili Wright a Whipple na ziklade analyzy fotogra-
fického materialu, nejde tu v skutodnosti o preti-
nanie drdh a aj v bode najvaésieho pribliZenia je
rozptyl eSte stile znadny. Pri beZnom spdsobe
spracovania, ked sa vopred predpokladd rovno-
merny pohyb zdanlivého radiantu po hlavnej kruz-
nici, Guigayov vysledok nie je nijako prekvapujici.
Stadi totiz, aby sa k sebe priblizovali krajné drihy
(na zadiatku a na koneci éinnosti roja; pri malom
vzajomnom sklone drah a predpokladanej rovna-
kej obeznej dobe k tomu dochddza velmi lahko)
a ostatné meteory musia potom tiez prechidzat
oblastou najvadsieho priblizenia tychto dvoch drah.

Dochéadzame teda k zaveru, Ze zjav opisany Gui-
gayom nedokazuje, ba ani nepodporuje domnienku
o vzniku Perzeid zrazkou, ani domnienku o spo-
loénom pévode komét 1825 II, 1826 V, 1862 IIT,
1877111, 19091 a 1932 V. Relativne rychlosti
tychto komét v miestach najvacsieho priblizenia
ich drdh vedd k celkom neprijatelnym podmien-
kam zrazky, resp. vybuchu. Sama poloha drih
zodpoveda ndhodnému usporiadaniu a nenaznaduje
nijaku fyzikédlnu stvislost.
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