LUBOR KRESAK

THE DIRECTION DISTRIBUTION OF TELESCOPIC METEORS

CONTENTS

Page

1. Introduction . . 9
2. The Apparent Dlstrlbutron of D1rect1ons for Meteors Penetratmg Isotroprcally a Plane Atmospherrc Layer 10
3. The Effect of the Earth’s Curvature . e 11
4. The Effect of the Earth’s Attraction . . 13
5. The Application of a Simplified Formula . e 15
6. The Possible Sources of Discrepancies between Observatron md Theory . 18
7. The Observations to be Compared with the Theory P 19
8. The Effects of Inclination, Angular Velocity, and Restrrctron of the F1eld of Vlew P 19
9. The Distribution of Geocentric Directions and its Bearing to the Orbits of Telescopic Meteors . . . . 23
10. On the Presence of the Hypothetical Antihelion Component . e e 27
11. The Identification of Shower Meteors and Testing the Actlvrty of Meteor Streams e 29
12. Conclusions . L. 33
References 35

1. Introduction

During the last years an enhanced attention is
paid to the smallest solid particles of interplane-
tary matter and their situation in the solar system.
Accurate photographic measurements of positions
and velocities, which only are liable for providing
full informations on the heliocentric orbits of these
bodies, are practically restricted to the particles
with masses of the order of 10-2 to 10 grams. The
masses below the lower limit correspond to faint na-
ked-eye and telescopic meteors which form the con-
necting link to the invisible particles of interplane-
tary dust. Recent investigations indicate that the
invisible micrometeoric dust occurs in such abun-
dance that its contribution to the earth’s mass
considerably surpasses the contribution of bodies
exhibiting visible meteor phenomena; however our
insights into the orbits of these particles are rather
uncertain and an analogy with the orbits of bright
meteors and fireballs seems to be by no means
well-founded.

The question whether, in what numbers and in
which regions of meteor streams of various types
the smallest meteoric particles are presents, is
one of the most pressing problems of meteor astro-
nomy. With regard to the origin and evolution of
meteor streams two questions whose solution may
be sought just in the range of telescopic meteors
merit special attention. The first is the relation be-
tween the sizes of shower meteors and the disper-
sion of their orbits, which may present us with
certain informations on the distribution of momen-
tum among individual meteoroids at their separa-
tion from the parent comet (or at another process
of their origin) and hence on the conditions of the
stream’s formation. The second is the confirmati-
on of the systematic shift of the orbits of smaller
particles due to a persistent operation of the Poyn-
ting-Robertson effect, which may give us some
evidence of the time elapsed since the moment of
separation, and thus even ot the age of the stream.
The solution of the former problem necessitates
the derivation of a considerable number of accurate
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radiants belonging to extremely faint shower me-
teors, which at the present stage of technical de-
velopment is reserved for the telescopic observa-
tions, and the derivation of geocentric velocities
with an accuracy superior to that obtained by the
present radio-echo technique. The solution of the
latter question bears upon the abundance of smaller
particles within the main stream, which may be
confirmed by using a properly adapted method ot
telescopic or radio-echo observation. Of these two
methods the telescopic observation allows to reach
fainter particles and seems therefore to be more
promising at present.

In the telescopic and radio-echo observations of
meteor showers the background of sporadic_me-
teors appears as a serious disturbing factor, far
more difficult for eliminating than in the photo-
graphic or naked-eye work. The main task of the
present study was to fix the features of this back-
ground, to design the most suitable manner for
suppressing its influence on the observations of
meteor showers, and to develop—as a counterpart
to the method described on p. 64 — 68 of the pre-
sent volume—another method for statistical re-
searches on the shower activity in the range of te-
lescopic meteors.

The validity of some consequences, deduced by
applying the Law of Chance to rather schematical
presumptions, had to be in several points reconciled
with the direct observations. For this purpose the
reductions of a series of telescopic observations,
made in the years 1946—1953 at the Skalnaté
Pleso Observatory, have been included in the pre-
sent paper. As far as is known to the author, the
statistics of directions derived from this series is
more extensive than those published previously
elsewhere. Therefore someadditional problemscould
betreated onits base, which donotrefer to the origin
and evolution of meteor streams but to the geo-
metrical and physiological conditions of visibility,
valid for telescopic meteors.

Finally, some features of the telescopic meteor
orbits in the solar system, following from the dis-
tribution of apparent radiants in relation to the
apex and ecliptic, have been investigated.

2. The Apparent Distribution of Directions for
Meteors Penetrating Isotropically a Plane Atmo-
spheric Layer

First, let us consider a simplified case that me-
teors move isotropically with respect to the Earth,

and appear in a plane layer perpendicular to the
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vertical of the observing place. If the telescope is
directed towards the point 4, having an altitude H
above the horizon (Fig. 1), then the meteors whose
paths projected on the sphere form with the verti-
cal an angle greater than 4 but smaller than & 4 d¢
come from the apparent radiants situated inside
the spherical triangle 4 BC. Under the conditions
mentioned above the expected density of radiants in
different parts of the triangle will be proportional
to sin H.

Figure 1.

To simplify the problem, let us divide the posi-
tion angles of the meteor paths into four quad-
rants. The first quadrant (I) comprises the meteors
moving from the right and above, the second (II)
from the right and below, the third (III) from the
left and below and the fourth (IV) from the left
and above. In order to find the probability p, that
the direction of a given meteor falls into a given
quadrant, we have to compute the lengths of the
sections of the horizontal circles falling into the
respective quadrant !/, multiply them with the due
densities of the radiants d, integrate them be-
g) and divide by
the integral of densities over the whole hemisphere.
In this way we obtain for the second quadrant:

l;y = cosh cos™ (cot H tanh)* for 0 <h<H (1)
dn = sinh (2)

tween the limits of -altitude h(O,

4
[ sinhk cosh cos™ (cot H tanh) dh
0

P = =

T
25 [ sinh cosh dh
0

H
= —gl;fsinh cosh cos™! (cot H tanh) dh (3)
]

* The symbol cos—! denotes the inverse function to cosi-
ne, somewhere used to be written as arccos. '
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The integral (3) is directly solvable. After a se-
ries of adaptations, including intergration per
partes and two substitutions, we obtain the final
result: '

1 1 H
— . _ in2
P = 7 (1 cos H) B sin’ 3 4)

Similarly,

1 . H
P = Pu = 351112 > ()]

1 1 H
P1 = Prv =?(1 — p) = 70052? _ (6)

The resulting distribution of directions, com-
puted from the formulae (4)—(6), is tabulated
below for the argument H graduated five by five
degrees. The predominance of the directions from
above is striking for the lower elevations, reaching
90% at H = 36°.9, and 999, at H = 11.°5.

3. The Effect of the Earth’s Curvature

The computed distribution of directions, repre-
sented by the values of the Table I, slightly differs
from the real one, as the condition (2) is not strictly
fulfilled. Actually, the region in which the me-
teors become visible is not a plane but a relatively
thin layer, delimited by two concentric spherical
surfaces and the plane of the horizon. The visible
paths of faint (telescopic) meteors are short com-
pared with their heights; consequently, we may
replace the space occupied by them, with a satis-
factory approximation, by an infinitesimally thin,
spherically curved layer.

Denoting by v the real height of this layer above
the earth’s surface, and by r the radius of the
earth, we may derive a new relation for the den-
sity of sporadic radiants in the elevation A. This
density is obviousky given by the projektion of

Table I the curved atmospheric layer into the plone per-
70 o1 P pendicular to t}?e direction of penetrating meteors.
PIv PIi Therefrom we find tha
o
0 0.50000 0.00000 a) for b= — cos™ — T
5 0.49905 0.00095
10 0.49620 0.00380 d=0 (7)
15 0.49148 0.00852 , ,
20 0.48492 0.01508 b) for — cog—l << 4 cosl .
25 0.47658 0.02342 ) rro=r=T r 4o
30 0.46651 0.0334)
35 0.45479 0.04521 d = L ginh + r(l — cosh) + v (8)
40 0.44151 0.05849 2 2)2rv + o2
45 0.42678 0.07322
50 0.41070 0.08930 LT L
55 0.39339 0.10661 o) for +cos™ < h <5
60 0.37500 0.12500 . :
65 0.35565 0.14435 d = sinh (9)
;g 8’3?2% g~ig§§g For the sake of abbreviation, let us introduce
80 0.20341 0.20659 the following notation:
85 0.27179 0.22821 r 4 v
90 0.25000 0.25000 =7 (10)
2Y2rv + v? '
2Y2rv 4 02
» = cos™ —— = cos™1 = (12)
r—+ v M

Then we have for the probability py; that the direction of a meteor, observed in the altitude H, will
fall into the second quadrant, the following modified formulae:

a) for 0 < H < w:

—H H

nf (%sink + M — N cosh) cosh dh + f (—;—sink +M ——Ncosh) cosh cos™ (cot H tank) dh
b -m

Pu =

@

—a

. (13)

2

27 f (—;— sinh + M — N cosh) cosh db + 2nfsinh cosh dh

(0]
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1
2

|
o' ——e
—

1
sinh +M — N cosk) cosh cos™ (cot H tanh) dh + f sinh cosh cos™! (cot H tanh) dh

P == ~ (14)
@ 2
1. .
27 f (E sink + M — N cosh) cosh dh + 2n f sinh cosh dh
— @
The expressions (13), (14), though different, may be reduced to the same form, viz.
H @
1 1 .
- [sinh cosh cos™ (cot H tank) dh —}—f(M — N cosh — - smh) cosh dh
Pu = . = > (15)
2 ®
’ 1
2 f sink cosh d + 4 j (M — N cosh — ?sinh) cosh dh
0 0
where all integrals can be found directly. After some adaptations we obtain:
1 cos H
=] — —"— 16
or, substituing again the values of 7, v from the relations (11), (12):
1 cos H
- Pu= 1— (17)
r r
2——o —cos! -
V2rv + o2 r+
Table II
The comparison of (4) and (17) shows that the
curvature of the Earth appears only in the coeffi- | v =80km v =100km
cient of cosH (for a plane atmosphere equal to one, :
otherwise somewhat less), which is a function of % giiigi g'ggggg
the ratio of meteors’ height to the Earth’s radius. PN 0.15771 0.17610
Using the formula (17), we can derive the theo- w° 9°026 107090
retical distribution of directions under different
assumptions as to the real heights of telescopic Table IIT
meteors. These heights being known with a suf- o
ficient accuracy from double observations [1, 2], i
we may choose the round values 80 and 100 km plane curved atmosphere
as surely comprising the main part of the atmo- atmosphere | 4 — 80km | v =100 km
spheric layer in which telescopic meteors actually 00206 0.00256
appear. For these two heights and the radius of (5) g:ggggg 8200300 0.00350
the observing place r = 6366.13km we obtain 10 0.00382 0.0232?11 g-g(l)ggg
the values of M, N, and w, which are summarized ;3 g:g?ggg 8231701 0.01749
in the Table II. The resulting distribution of 25 0.02342 0.83233 8-332;?
directions is represented in the Table IITI, giving the gg g:gigﬁ 8204650 0.04731
dependence of p;; upon » and H. The probabilities 40 0.05849 o.ggzgg g.ggggi
of the directions falling into the remaining three zg g:géggg 8209063 0.09095
quadrants, may be readily found from the obvious 55 0.10661 0.10779 0.10808
lations: ' 60 0.12500 , 0.12603 0.12628
relations: 65 0.14435 0.14522 0.14543
- 70 0.16449 0.16520 0.16537
Pur = Pu (18) 75 0.18530 0.18583 0.18596
80 0.20659 0.20695 0.20703
1 85 0.22821 0.22839 0.22843
2 .25000 .2
P1 =PV =5 — Pu (19) 90 0.25000 0.2500 0.25000
12
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4. The Effect of the Earth’s Attraction

There is still another effect which alters the
distribution of the sporadic radiants on the sphere
against the simple sink-law, by increasing the
densities of the radiants in the lower altitudes.
The orbits of the meteors approaching the Earth
are perturbed by the Earth’s gravity, and altered
in such way that they meet the atmosphere under
extended angles. The alteration of the direction of
the meteor’s motion increases with decreasing
height, geocentric velocity, and altitude of the
radiant point. With a satisfactory approximation,
we may consider the nearly rectilinear intercept
of the meteor’s orbit in the vicinity of the Earth
as changed into a hyperbola with the Earth’s
centre as focus. The angle formed by the visible
(atmospheric) section of the hyperbola and its
asymptote represents the deviation of the meteor’s
path from the original direction which, with re-
gard to its tendency, is called the zenith attraction.

As the basic formulae for computing the effect
of zenith attraction are commonly known, it seems
superfluous to repeat them in the general form.
However, we shall give a transformation which is
most convenient for our purpose.

Firstly, let us consider a radiant whose unper-
turbed altitude (i. e. the original altitude unaffected
by the zenith attraection) is £. The Earth’s gravity
makes the radiant shifted along its vertical circle
into an apparent position nearer to the zenith by
an amount which we shall denote by @ (%). Second-
ly, let us consider a radiant in the apparent alti-
tude . In order to obtain the original unpsrturbed
altitude, we must diminish the perturbed one by
an amount which we shall denote by v (k). The
corrections @ (k) and y (k) enabling the passage
from the unperturbed to the perturbed position
and inversely are given by the following expres-

gions:
u . [nw h
Esm (Z—?)] (20)

w(h) = 2tan—1[z :L Z tan (%—_’2‘-)] (1)

Between @ (k) and o (k) the following relations
hold true:

D(h) = — y[h + O] (22)

y(h) = — P[h + p(h)] (23)

In the formulae (20), (21) » and w denote the un-
perturbed and perturbed geocentric velocity of
the meteor. These are correlated by the equation:
w? = u? 4 2rg (24)

where r denotes the distance of the meteor’s visible
path from the Earth’s centre, and g the due con-
stant of the Earth’s gravity. Numerically, we may
put

2rg = 125 km? sec™ (25)

The deviations @ (k) and o (k) for a particular
meteor may be found by inserting the velocities u,
w and the altitude of the radiant A into (20) and
(21).

The geocentric velocity of a meteor depends on
the semimajor axis of its orbit, and on the elon-
gation of its radiant from the apex. For our in-
vestigations we have computed the effect of zenith
attraction for a uniform geocentric velocity of
sporadic meteors, using the mean of 10,933 McKin-
ley’s radar measurements [3], i. e.

+ w = 42.8 km sec! (26)

The simplification of the problem by assuming
a uniform geocentric velocity introduces perhaps
some errors into the final results. However, it
considerably facilitates the computations, and as
even the influence of zenith attraction on the
apparent distribution of directions is of the second
order the deviations due to the non-uniform distri-
bution of velocities may be safely neglected.
Besides, it is impossible to obtain any general
solution because the distribution of velocities un-
dergoes strong daily and yearly variations due to
the changing position of the apex with respect to
the horizon; and each division into subgroups ac-
cording to the altitudes of the apex would reduce
the statistical importance of the observations to
be compared with the theory.

The values of @ (k) and y (k) for different alti-
tudes h,graduated five by five degrees,are given in
TableIV.It may be noted that the assumption (26),
used throughout, is equivalent with the assumption
of meteors moving in parabolic orbits, whose ap-
parent radiants lie in the elongation of about 69°
from the apex.

There are two possible ways how to modify the
formulae for computing the a priori probabilities
of various directions by allowance for the eifect
of zenith attraction. First of all, we can improve
the expressions (2) or (7—9), giving the density
of radiants in different points of the sphere, by
taking into account the convergency of radiants
due to the differential zenith attraction; otherw se
we can replace the areas for integrating the num-
ber of radiants (1) by the areas, which would be
occupied by the same radiants if the Earth’s
gravity would not perturb the motion of the me-
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Table IV

e l D(h)° ¥ (h)°
+ —

0 1.956 2.024

5 1.797 1.855
10 1.650 1.699
15 1.511 1.553
20 1.381 1.417
25 1.259 1.290
30 1.142 1.169
35 1.031 1.054
40 0.924 - 0.944
45 C0.822 0.839
50 0.722 0.737
55 0.626 0.638
60 0.532 0.542
65 0.441 0.449
70 0.351 0.357
75 0.262 0.267
80 0.174 0.177
85 0.087 0.088
20 0.000 0.000

teors. Out of the two methods, the latter is more
suitable for our purpose.

Formula (15), including the effect of the Earth’s
curvature, is too complicated for further improve-
ments. However, as both the effects of the Earth’s

H+vy(H)

curvature and attraction are of the second order,
we may consider them separately and add, with
a satisfactory approximation, the increments of py;
due to them to the unaffected values of Table I.

Now let us examine how the basic formula (3)
will be modified by taking into account the effect
zenith attraction and neglecting the effect of the
Earth’s curvature.

Under the assumptions given in the 2™ para-
graph (isotropic distribution of geocentric meteor
directions, plane atmosphere) the solution remains
similar to (1)—(3) except three modifications. They
are:

1. The apparent radiant altitudes % belong to the
radiants whose unperturbed altitudes are & + p ().
Hence

U'y1 = cosh cos™ (cot [H + y (H)] tank) (27)

2. The density of unperturbed radiants in the
altitude A corresponds to the density of perturbed
radiants in the altitude » 4 @ (k). Hence

d'y; =sin [h + @ (k)] (28)

3. The range of integration <0, H> for per-
turbed radiants corresponds to the range <y (0),
H + y (H)> for unperturbed radiants. Hence

/ sin [k + O(h)] cosh cos cot[H + p(H)] tank) dk

py = £ ; (29)
3 .
27 [ sin [k + @(h)] cosh dh
w0
The ratio
3
[ sin [h +® (h)] cosh dh =
2 =0 - =2 f sin [k + @(h)] cosh dh (30)
E. %(0) .
/ sinh coshdh

)

gives the relative increase of the number of spora-
dic radiants above the horizon due to the zenith
attraction. Thus we find:

x = 1.03546 (31)

which means that the meteor rates are increased
by about 3.5%,.

In the expression (29) the denominator is in-
dependent of H and a common numerical value
can be worked out for all altitudes of the field of
view. Numerical integrations in the numerator
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have been performed for selected round alti-
tudes H; the values corresponding to other alti-
tudes have been found by interpolation. The re-
sults of the computations are given in the second
column of Table V. To make allowance for the
Earth’s curvature, the increments of pj; according
to (17) have been added to p; and the results have
been arranged in- the last two columns of the
Table. It is seen that the effect of the Earth’s
curvature considerably exceeds the effect of the
zenith attraction except for the highest altitudes.
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Table V

4
P11
H curved atmosphere
plane
atmosphere | 5 — 80km | v = 100 km

0 0.00000 0.00206 0.00256

5 0.00115 0.00320 0.00370
10 0.00420 0.00623 0.00672
15 0.00910 0.01109 0.01157
20 0.01583 0.01776 0.01824
25 0.02431 0.02618 0.02664
30 0.03450 0.03629 0.03672
35 0.04630 0.04799 0.04840
40 0.05963 0.06121 0.06159
45 0.07438 0.07584 0.07620
50 0.09044 0.09177 0.09209
55 0.10770 0.10888 0.10917
60 0.12601 0.12704 0.12729
65 0.14524 0.14611 0.14632
70 0.16524 0.16595 0.16612
75 0.18588 ° 0.18641 0.18654
80 0.20699 0.20735 0.20743
85 0.22841 0.22859 0.22863
90 0.25000 0.25000 0.25000

The values of pj; for a curved atmosphere may be
actually somewhat higher due to the fact that the
two effects were considered separately; however,
the deviations may be expected in the last de-
cimals only. The errors coming from the unexact-
ness of the procedure of numerical integration are
about equally large; thus we may expect that the
unexactnes of the data in Table V will be generally
between the limits 1075 to 107%.

5. The Application of a Simplified Formula

The same factors which alter the distribution of
meteor directions against the formula (3) are valid
also for altering the hourly rates of meteors. The
simple formula for deriving the zenithal hourly
rate F', of a shower which has its radiant point in
the altitude A,

F, = F cosech (32)
is frequently substituted by empirical formulae
expressing with a closer approximation the actual
conditions in the atmospheric layer in which me-
teors appear. Hoffmeister [4] gives the following
improved formula:

F, = 0.993 F cosec (h + 6.5°) (33)
whereas English observers use to apply a similar
formula, according to Prentice [5]:

F, = F cosec (h + 6°) (34)
It seems reasonable to compare the results of the
preceding two paragraphs with those which
would be obtained from a formula of that kind,

by assuming a new density function for the distri-
bution of sporadic radiants,

and retaining the other factors in the equation (3)

- unchanged. The value of the constant %k, which

fits best to the results of the preceding rigorous
computations, may be found by comparison of
numerical probabilities obtained in this way with
those given in Table VI.

If the density of sporadic radiants in the alti-
tude h is proportional to sin (h 4 k) instead of
sink, the formula (3) has to be modified as
follows:

H

f sin (b + k) cosh E(h,H) dh

—k
Py=

(36)

2nfsin (h + &) cosh dh

—k
where

E(h,H) = cos™ (tanh cot H) if —H <h <3 (37)

and

EhH) =n if—k<h<—H  (38)

The integral in the namerator of (36) cannot be
found directly. Before applying numerical inte-
grations we shall transform this expression so as
to separate the members of different orders,
remembering that k== 0.1 or smaller. The most
convenient transformation may be written in the
form: '

PH=61+02“|‘63+63

39
Gt 59

Figure 2.

The subscripts 1—3 indicate the terms of the first
to third order; the geometrical interpretation of

15
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the division is schematically represented in Fi-
gure 2. The quantities on the right side of (39)
are defined by the following relations:

b4
¢, =cosk f sink cosh cos™ (tank cot H) dh =
0

= % cos k(1 — cos H) = pym cos k (40)

L

¢, = 2n cos k | sink cosh dh = 7 cos® k (41)
%

H
¢, =sink f cos?h cos™ (tanhk cot H) dh =

= F(H )Osin k (42)

0
¢, = —gfsin (h + k) cosh dh = %’—csin E o (43)
“k

2
¢] = 2msin kfcoszh dh =
k

= —g—sin k (7 + 2k + sin 2k) (44)

0

;= f sin (b + k) cosh [E(h,H) — %]dh =
—k

= Q(k,H) (45)

Substituting the values (40)—(45) into (39) we
obtain the final formula:

1 k 1
P+ [; F(H) + Z]tan k+ ;G(lc,H) seck

P11= p
1+(?+k)tank (46)

The values of the integrals F(H) and G(k, H)
have been found by the process of numerical inte-
gration. For evaluating F(H) Simpson formula
was employed troughout; for evaluating G(k, H)
Simpson and Dufton formulae: the former for
G(k, H) > 1074, the latter for the rest. The inte-
grations have been performed for selected alti-
tudes H supposing & = 2°, 4°, and 6°; for other
altitudes, five by five degrees, F(H) and GQ(k, H)
have been found by interpelation. The resulting

values of % F(H) tan k and —:—I—G—(k,H) sec k are

tabulated below.

Inserting the above quantities into (46) “we
readily obtain the probabilities Py; for different k.
They are arranged in Table VII.

Now the question remains, how to choose the
constant k so as to bring the functions p{; (H) and
Py (k, H) into the closest possible coincidence. It
is obvious, that this value of % is given by the
relation:

T

2
J[Pu(H) — Pyy(k,H)] v(H) cos HdH = 0 (47)
0

where »(H) indicates the proportional frequency of
meteor paths in the altitude H. The course of the
function »(H) depends on several factors which

Table VI
1 1
— FH)tank — @Q(k, H)sec k

He 7 7
E=2° ke = 4° k= 6° k=2° k=4° k=6°
0 0.00000 0.00000 0.00000 0.00030 0.00122 0.00275
5 0.00097 0.00194 0.00292 0.00003 0.00021 0.00078
10 0.00193 0.00387 0.00582 0.00001 0.00010 0.00035
15 0.00289 0.00578 0.00869 0.00001 0.00007 0.00023
20 0.00383 0.00767 0.01152 0.00001 0.00005 0.00017
25 0.00475 0.00951 0.01429 0.00000 0.00004 0.00013
30 0.00565 0.01131 0.01700 0.00000 0.00003 0.00011
35 0.00652 0.01305 0.01962 0.00000 0.00003 0.00009
40 0.00736 0.01473 0.02214 0.00000 0.00002 0.00007
45 0.00816 0.01634 0.02457 0.00000 0.00002 0.00006
50 0.00893 0.01788 0.02688 0.00000 0.00002 0.00005
55 0.00966 0.01934 0.02907 0.00000 0.00001 0.00004
60 0.01035 0.02072 0.03115 0.00000 0.00001 0.00003
65 0.01100 0.02202 0.03310 0.00000 0.00001 0.00003
70 0.01161 0.02324 0.03494 0.00000 0.00001 0.00002
75 0.01218 0.02439 0.03666 0.00000 0.00000 0.00002
80 0.01272 0.02546 0.03827 0.00000 0.00000 0.00001
85 0.01322 0.02648 0.03980 0.00000 0.00000 0.00001
90 0.01371 0.02746 0.04127 0.00000 0.00000 0.00000
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Table VII

Table VIII
P v(H) cos H
H° H®
kE=0° k= 2° k= 4° k= 6° (0) @ (0)
0 0.00000 | 0.00058 | 0.00219 | 0.00468 0 1.57 0.00 0.00
5 0.00095 | 0.00214 | 0.00388 | 0.00629 5 1.57 0.34 0.64
10 0.00380 0.00573 0.00806 0.01082 10 1.55 1.42 1.27
15 0.00852 0.01110 0.01399 0.01717 15 1.52 2.20 1.46
20 0.01508 | 0.01820 | 0.02155 | 0.02510 20 1.48 2.12 1.54
25 0.02342 | 0.02697 | 0.03067 | 0.03451 25 1.42 1.92 1.56
30 0.03349 | 0.03735 | 0.04131 | 0.04536 30 1.36 1.72 1.55
35 0.04521 | 0.04927 | 0.05339 | 0.05754 35 1.29 1.50 1.51
40 0.05849 | 0.06264 | 0.06680 | 0.07096 40 1.20 1.34 144
45 0.07322 | 0.07735 | 0.08146 | 0.08554 45 1.11 1.16 1.34
50 0.08930 0.09330 0.09726 0.10117 50 1.01 1.01 1.23
55 0.10661 | 0.11038 | 0.11409 | 0.11774 55 0.90 0.85 1.10
60 0.12500 | 0,12845 | 0.13183 | 0.13513 60 0.79 0.71 0.95
65 0.14435 | 0.14739 | 0.15035 | 0.15324 65 0.66 0.58 0.80
70 0.16449 | 0.16704 | 0.16951 | 0.17193 70 0.54 0.46 0,65
75 0.18530 | 0.18728 | 0.18920 | 0.19108 75 0.41 0.34 0,49
80 0.20659 | 0.20795 | 0.20926 | 0.21054 80 0.27 0.22 0.32
85 0.22821 | 0.22890 | 0.22957 | 0.23023 85 0.14 0.11 0.16
90 0.25000 0.25000 0.25000 0.25000 90 0.00 0.00 0.00
cannot be rigorously e\‘raluated (atmos.phemc ab- Table IX
sorption, limiting magnitude and magnitude func-
tion of meteors) and only approximate values of k°
. v
it are available. For the sake of comparison, we ) @ ] 0)
have computed %k for three different assumptions:
1. for a uniform distribution of meteors, i. e. for 80 km 1.61 1.52 148 -
»(H) = const. (U), 100 km 1.87 1.76 1.70

2. for the theoretical distribution computed by

Guth [6] for the meteors of 6.5 apparent magni-
tude (@),

3. for the theoretical distribution computed by
Oepik [7] for observations with a 60 mm telescope
of 7.5 magnifying power and 5° diameter of the
field of view (0).

The second and third assumption are preferable
to the first, which does not take into account the
effect of atmospheric absorption; this effect con-
siderably restricts the meteor numbers in the lo-
west elevations where the differences between pi;
and Py are the largest. Both distributions (@) and
(0) have been computed by assuming the Oepik’s

form of the luminosity function:l'”—l= 4 for

m

m < 3 and NT\';‘LI = 2.5 for m > 3. The values of

m

v(H) cosH based on the above three assumptions
are given in Table VIII, and the values of k satis-
fying the condition (47) in Table IX.

From Table IX it is seen that our results lead
to considerably lower values of % than those derived
(in an entirely different way) by Hoffmeister and
Prentice. The discrepancy is mainly due to different
assumptions as to the thickness of the atmospheric
layer in which meteors are visible. However, the

2 Préce Astronomického observatéria

assumption of a thinner layer seems to be justi-
fied in case of telescopic work where a great majo-
rity of observations falls on extraordinary taint-
meteors exhibiting only short visible paths.

It may be pointed out that there are two pro-
blematical points in the derivation of formula (34)
by Prentice. Firstly, it does not include any re-
lation between inclination and depth of penetra-
tion by using uniform limits of the atmospheric
layer, in which meteors are visible, for all radiant
altitudes. Secondly, Prentice’s procedure is valid
only for the field of view centered at the zenith,
which is actually rather an exception. Just in this
case the conditions are least favourable for highest
radiant altitudes; otherwise, a slight assymetry
must arise in the distribution of radiants of ob-
served meteors, more meteors being observed from
the radiants situated behind the observer than
from those situated in front of him. Both the effects
indicated tend to decrease the value of k = 6° in
Prentice’s formula.

The effect of restriction of the field of view,
considered by Prentice, may be of an enhanced
importance in telescopic observations, where the
depth of penetration is large compared with the

17

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



size of the observed section of the atmospheric
layer. However, as this effect is closely connected
with the effect of angular speed, it has not been
included in deriving the formulae (17), (29) based
exclusively on geometrical considerations. It will
be treated in paragraphs 6 and 8 together with
several addidtional effects which cannot be rigor-
ously evaluated.

6. The Possible Sources of Discrepancies between
Observation and Theory

Inthepreceding paragraphs asimplified geometri-
cal theory of the direction distribution has been
outlined, taking into account the effects of the
Earth’s curvature and gravitation. However, there
are some effects of different kind which may even-
tually sensibly influence the real distribution shown
by direct observations. They are as follows:

1. The apex—antapex streaming. The distribution
of geocentric directions of meteors is by no means
isotropic being influenced by the Earth’s orbital
motion. A concentration of the apparent radiants
in the region of the apex and a dilution in the re-
gion of the antapex must be expected.

2. The ecliptical concentration. If the orbits of
a fract on of telescopic meteors are planetaryin cha-
racter, also a concentration of radiants along the
ecliptic and a reduction J(1) must take place.

3. The presence of meteor streams. If a number of
telescopic meteors forms a meteor stream, the po-
sition of its radiant must appear in the final di-
rection distribution.

4. The effect of the inclination. The visibility of
meteors may be correlated with their inclinations
to the Earth’s surface. The meteors meeting the
atmosphere under smaller angles commonly ex-
hibit longer visible trails but, owing to the smaller
density gradient along the path, they may be some-
what fainter.

5. The effect of the angular velocity. The visibility
of telescopic meteors closely depends on their an-
gular velocity. Abnormally fast meteors may cross
the field of view so quickly that the observer does
not perceive them. As the angular velocity in-
creases with the elongation of the meteor from the
radiant (reaching the maximum at & = 90° and
decreasing again towards the antiradiant) and
with the altitude above the horizon (reaching the
maximum at the zenith), in higher altitudes only
those meteors are seen which are either not too
distant from the radiant or sufficiently bright.
An analogous selection is due to the differences in
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geocentric velocities of meteors coming from the
apex and antapex; this selection may partially
ballance the effect (1) in the case of telescopic
observations.

6. The restriction of the field of view. The maxi-
mum surface exposed to the penetration of me-
teors from a given radiant is one inclined to the
respective atmospheric level. This inclination in-
creases the number of meteors visible in a restricted
field of view. The effect is the more prominent the
larger the angle between the direction of the
meteor’s motion (apart of its orientation) and the
direction of view; simultaneously it is more pro-
minent for a smaller field of view, lower altitude
and greater depth of penetration. (By other words,
it closely depends on the properties of the telescope
used, especially its aperture and magnification.)
The operation of this effect relates only to the
meteors entering or leaving the field of view on
its border. It must be emphasized that just these
meteors move with higher angular speeds, and, as
a consequence, the factors (5) and (6) are working
one against another.

According to the way in which they influence the
distribution of apparent directions, the six factors
given above may be divided into two groups with
the following characteristics:

I. The operation of the factors (1)—(3) does not
depend directly on the altitude of the field of view.
It is correlated with the positions of the apex (1),
ecliptic (2) and active shower radiants (3), re-
spectively; i. e. with the orbital characteristics of
telescopic meteors in the Solar system.

II. The operation of the factors (4)—(6) depends
almost exclusively on the altitude of the field of
view, and, consequently, is symmetrical with re-
spect to the vertical. Only in (5) the position of
the apex introduces some corrections of the second
order. The effects of this group bear upon the
properties of visible meteor trails within the
Earth’s atmosphere and the instruments used for
the observations.

It may be shown that the effects (1)—(3) cancel
out in the main part in properly chosen and elabo-
rated observations. If the observations are made
in ditferent nights of the year as well as in dif-
ferent night hours (thus providing a sufficient
range of variability for the altitude of the apex

-and position of the ecliptic, and radically diminish-

ing the contribution of shower meteors) the ef-
fects (1) and (2) will appear in different distribu-
tion of directions in different azimuths. However,
they will not affect the composite distribution of
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directions computed with respect to the alti-
tudes but without respect to the azimuths.

In order to identify the influences of the various
factors we shall examine the distribution of direc-
tions in a series of observations satisfactorily ful-
filling the above conditions. At first, we shall in-
vestigate the effects (4)—(6) on the basis of the
distribution of position angles of the meteors’
apparent motions in different altitudes, apart of
their azimuths. After comparing the actual distri-
bution with the results of the paragraphs 3—&, we
shall pass to discuss the effect (1)—(3) so as to
obtain some informations concerning the helio-
centric orbits of telescopic meteors.

7. The Observations to Be Compared with the
Theory

For the sake of comparison with the present
theory a series of telescopic observations of me-
teors, carried out at the Skalnaté Pleso Observa-
tory during the years 1947—1953, has been
worked out and the real distribution of directions
deduced. There are observations of 1016 telescopic
meteors for which the altitudes (to nearest integer
5°) and the position angles of the apparent motion
with respect to the vertical (to nearest integer 10°)
have been recorded; for 527 meteors the estimates
of the azimuths a e also available. As to the syste-
matic errors, the only important could be those in
the altitude on which the resulting direction distri-
bution closely depends. There is a well-known fact
that the estimates of altitudes, obtained from vi-
sual observations, are usually subjected to con-
siderable systematic errors positive in sign. How-
ever we have wood reason to suppose that the
observations in question are free of errors of that
kind, as the altitudes have been estimated accord-
ing to the inclination of the telescope adjusted on
an altazimuth mounting.. The observations cover
rather uniformly different seasons of the year as
well as different night hours, with a moderate
selection in favour of the autumn months and even-
ing hours. The distribution of observed meteors
over the visible hemisphere (partially covered
on the western side by the mountain range of Lom-
nicky, Kezmarsky and Huncovsky $tit) is shown in
Figure 6, where the frequency of observed meteor
paths is expressed in the units of the average
frequency. All observations were made with the
25X 100 Somet-Binar binoculars which are very
efficient for a work of that kind on account of the
pretty large diameter of the field (3.6°) combined

with a low aperture ratio (f/4.5) and magnification
(25% ). The mean brightness of meteors seen with
this instrument is about 8; under most favour-
able conditions the limiting magnitude was 13™
for stars and 11™ for meteors. '

The observers which participated in collecting
the data on the meteors are given in the following
table: ‘

Table X
Obser Period . ‘ Number
server of observation ! of meteors
M. Dzubédk 1947 70
L. Kresdk 1947—1953 753
M. Kresiakova 1953 92
L. Mrkosové 1953 80
A. Paroubek 1953 4
R. S4skyové 1953 9
Sum ‘ ' 1008

8. The Effects of Inclination, Angular Velocity,
and Restriction of the Field of View

The contribution of these three factors would be
taken into account by direct applying the due
corrections to the probabilities pj;. On the other
hand, this contribution may be approximately
evaluated by comparing the observed distribution
of directions in different altitudes with the ex-
pected one, based on the figures of Table V.

Owing to the symmetry of the effects in question
with respect to the vertical we may divide the
observed meteors into two groups: those coming
from above (a), i. e. moving in the position angles
# = 0° to 90°, or 270° to 360°, and those coming
from below (b), i. e. moving in the position angles
¥ = 90° to 270°. Hence

P, = 2P, = 2Py (48)

(49)

Denoting by N, the number of meteors coming
from above, by N, the number of meteors coming
from below, and by N the sum N, + N,, we have

N, = NP, (50)
N, = NP, (51)

The values of N, N, and N, deduced from the
observations are given in the 274, 3rdand 4t* column
of Table XI. They are tabulated for different alti-
tudes H graduated by five degrees (first part of
the Table), and in addition for three subgroups of
meteors: those of low altitudes — H = 0° to 15°,

P, = 2Py = 2Py
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those of moderate altitudes — H = 20° to 30°,
an those of higher altitudes — H = 85° and
more (second part of the Table). Of the meteors
whose directions fall on the limits of the two re-
gions ¢ and b (position angle & = 90° or ¥ = 270°)
the one half has been included into the number N,
and the other half into the number N, thus letting
arise the fractions in the values of N, and N,.

125
100

75~

0 5 1015 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90

504

25

Figure 3.

A histogram of the quantities N, and N, derived
from the observations, is shown in Figure 3. The

areas delimited by the dotted lines represent the
proportional numbers of meteors falling on the sec-
tion of the sky covered by terrestrial hindrances
(cf. Figure 6); thus the total heights of the columns
correspond to the values of »(H) resulting from the
employed method of observation. A more detailed
representation of the observed distribution of
directions is seen in Figure 4, where the occurence
of various directions is shown in the form of three
polar diagrams: A. for H ranging trom 0° to 15°,
B. for H ranging from 20° to 30°, C. for H = 35°
and more. The concentric circles indicate the fre-
quencies of individual directions in terms of the
average frequency. The curves have been con-
structed by joining the points separated in the
position angle by 15° the frequency for each
individual ¢ being computed from the interval
<® — 15°, 9 4+ 15°> without smoothing. The
black areas at the bottom of the curves correspond
to the numbers &V, ; their progressive enlargement
with increasing altitude is clearly demostrated.
In order to discover the variations of the direc-
tion distribution brought about by the effects of
inclination, angular speed and restriction of the
field of view, we may directly compare the observ-
ed numbers N, with those received by inserting
the values of Tables V and VII into the formulae

Table XI
Observed Computed
o
H N,
N e N v=80 | v=100 | k=0 | k=2 | E=4° | k=6°

0 0 0 0 0.0 0.0 0.0 0.0 0.0 0.0
5 33 33 0 0.2 0.2 0.1 0.1 0.3 0.4
10 95 92 3 1.2 1.3 0.7 1.1 1.5 2.1
15 152 149.5 2.5 3.4 3.5 2.6 3.4 4.3 5.2
20 148 140 8 5.3 5.4 4.5 5.4 6.4 7.4
25 137 130.5 6.5 7.2 7.3 6.4 7.4 8.4 9.5
30 140 131.5 8.5 10.2 10.3 9.4 10.5 11.6 12.7
35 105 101 4 10.1 10.2 9.5 10.3 11.2 12.1
40 79 70.5 8.5 9.7 9.7 9.2 9.9 10.6 11.2
45 55 48.5 6.5 8.3 8.4 8.1 8.5 9.0 9.4
50 34 2 8 6.2 6.3 6.1 6.3 . 6.6 6.9
55 13 10.5 2.5 2.8 2.8 2.8 2.9 3.0 3.1
60 12 9 3 3.0 3.1 3.0 3.1 3.2 3.2
65 6 5 1 1.8 1.8 1.7 1.8 1.8 1.8
70 6 4 2 2.0 2.0 2.0 2.0 2.0 2.1
75 0 0 0 0.0 0.0 0.0 0.0 0.0 0.0
80 1 0 1 0.4 0.4 0.4 0.4 0.4 0.4
85 0 0 0 0.0 0.0 0.0 0.0 0.0 0.0
90 0 0 0 0.0 0.0 0.0 0.0 0.0 0.0
0—15 280 274.5 5.5 4.8 5.0 3.4 4.6 6.0 7.7
20—30 425 402 23 22.6 23.0 20.3 23.2 26.3 29.6
35—90 311 274.5 36.5 44.4 44.6 42.8 45.2 47.7 50.2
0—90 ! 1016 } 951 65 71.7 72.6 66.4 73.1 80.1 87.5

20

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



Figure 4.

(49), (51). Such comparison is shown in the Table XT
which needs a particular examination.

The Table proves us that the actual distribu-
tion of direction fairly closely follows the comput-
ed one. The collected data, although containing
over one thousand meteors, are not quite sufficient
to permit a detailed investigation for each indi-
vidual altitude; therefore the meteors have been
arranged into three subgroups, approximately
equally numerous, containing the lowest, moderate
and higher altitudes (the division is the same as
in Figure 4). The results obtained for thase three
subgroups and for the total of meteors are given
in the lower part of the Table.

In discussing the results we must remember that
due to the Law of Chance the observed values of NV,
are subjected to natural uncertainties of about JN,.
Consequently, we are not able to distinguish be-
tween the suppositions which lead to numerically
similar probabilities (such as pf; for v = 80 km
and v = 100 km). However, for the simplified
formula (36) an upper limit of k¥ may be stated at
any rate, for which the agreement between obser-
vation and theory is satisfactory.

According to the last line of the Table, only the
assumptions of % higher than 2° must be rejected;
all other assumptions fit the observed distribution
within the expected limits. There is only a little
defect of IV, in the subgroup of highest altitudes,
‘which may be perhaps connected with the effect
of angular speed. In high altitudes just those
meteors, whose paths are less inclined to the plane
of the horizon, move with higher angular veloci-
ties, and may therefore easier escape the observa-
tion than the others. However, the defect is by no
means a pronounced one, as may be clearly seen

from Figure 5, where the a priori probabilities P,
(given in full line for » = 80 km) are shown com-
pared with the respective a posteriori probabilities
derived from the observations (indicated by the
circles whose areas are proportional to the numbers
of meteors included).

0.05

T T T T
30 ‘0 50 60

Figure 5.

- H
70

In order to distinguish between the various
effects treated in the present paragraph, a special
procedure must be employed. It is obvious that
the effect of restriction of the field of view depends
on the ratio of the lengths of the meteors’ visible
trails to the diameter of the field of view. If the
ratio drops to zero, the effect vanishes. Thus if
we want to obtain the distribution of directions
free of that effect, we need only to reckon up the
beginnings and endings of the meteor trails, visible
inside the field of view, instead of the meteors
themselves, and correlate these numbers with the
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‘Table XII

Observed Computed
o
H N,
N N, N,
v=80 |v=100 | k=0° | k=2° | k=4° | k=6°

0 0 0 0 0.0 0.0 0.0 0.0 0.0 0.0
5 39 39 0 0.2 0.3 0.1 0.2 0.3 0.5
10 87 85 2 1.1 1.2 0.7 1.0 1.4 1.9
15 99 97 2 2.2 2.3 1.7 2.2 2.8 3.4
20 116 107.5 8.5 4.1 4.2 3.5 4.2 5.0 5.8
25 79 75.5 3.5 4.1 4.2 3.7 4.3 4.8 5.5
30 89 81 8 6.5 6.5 6.0 6.6 7.4 8.1
35 54 52 2 5.2 5.2 4.9 5.3 5.8 6.2
40 41 35.5 5.5 5.0 5.1 4.8 5.1 5.5 5.8
45 35 34 1 5.3 5.3 5.1 5.4 5.7 6.0
50 16 8 8 2.9 2.9 2.9 3.0 3.1 3.2
55 7 5.5 1.5 1.5 1.5 1.5 1.5 1.6 1.6
60 10 9 1 .25 2.5 2.5 2.6 2.6 2.7
65 4 4 0 1.2 1.2 1.2 1.2 1.2 1.2
70 4 3 1 1.3 1.3 1.3 1.3 1.4 1.4
75 0 0 0 0.0 0.0 0.0 0.0 0.0 0.0
80 0 0 0 0.0 0.0 0.0 0.0 0.0 0.0
85 0 0 0 0.0 0.0 0.0 0.0 0.0 0.0
90 0 0 0 0.0 0.0 0.0 0.0 0.0 0.0
0—15 225 221 4 3.5 3.7 2.4 3.4 4.5 5.8
20—30 284 264 20 14.7 15.0 13.2 15.1 17.2 19.3
35—90 171 151 20 25.0 25.1 24.1 25.5 26.9 28.2
0—90 { 680 636 44 43.3 43.9 39.7 44.0 48.5 53.3

directions. As a matter of fact, the types of visibi-
lity (i. e. the statements whether the points of
appearance and disappearance lied within or outside
the field of view) have been recorded for all tele-
scopic meteors observed during the Skalnaté Pleso
systematic programme.

The statistics of meteor directions compiled
according to the above principle is shown in
Table XII. The meaning of all quantities included
is the same as in Table XI, with the single ex-
ception that the values N, N, and N,; correspond
to the totals of the beginnings and endings of
meteors observed inside the restricted field of
view. We see that the agreement between observa-
tion and theory is even closer than in the preceding
case (Table XT). An indirect solution for » leads to
a quite reasonable value of 105km above the
Earth’s surface; however, this value has no practi-
cal significance, as its probable error is very
large.

What an immense number of observations would
‘be needed for an experimental valuation of % (in
the altitude of 30° about 53X 10® meteors for the
accuracy —+1° and about 5X10° meteors for the
accuracy 4-0.1°; in the altitude of 60° about
2 10* meteors for the accuracy 41° and about
2X10% meteors for the accuracy 40.1°) is well
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illustrated by the values of k& found from the pre-
sent material, which are:

k= — 04+ 25° (48)
for the former method of elaboration (statistics of
meteors) and

k= + 2.0° + 3.0° (49)

for the latter method (statistics of the points of
appearance and disappearance).

The same statistical uncertainty makes it also
difficult to judge of the contributions of different
secondary effects to the composite distribution of
directions. Denoting by P, the ratio N, : N (i. e.
the average probability Py + Py for the rs-
spective series of observations) we obtain the
values which are given in Table XIII together
with their natural uncertainties. From the Table

we see that the change of P, brought about by
eliminating the restriction of the field of view is
insignificant, lying within the expected limits
of uncertainty. It is interesting that neglecting
of this effect even somewhat diminishes the
proportional number of radiants in low altitudes.
It is probable that in the case of observation with
instruments of usual aperture and magnification
the influence of the restriction of the field of view
is fully ballanced by the effect of angular velocity:
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in lower altitudes it cannot be of any importance,
and in higher altitudes the increased number of
meteors, penetrating the observed part of the
atmosphere from low situated radiants, moves so
quickly that the fainter of them cannot be percei-
ved by the observer.

Table XIII
I II
P, obs
0.064 4 0.008 | 0.065 + 0.010

v = 80km 0.071 0.064

N » = 100 km 0.071 0.064
P, comp. k= 0° 0.065 0.058
E=2° 0.072 0.065

k= 4° 0.079 0.071

k= 6° 0.086 0.078

As to the dependence of the meteors’ visibility
upon their inclination, the close coincidence be-
tween observed and computed values of P, proves
that there may be no marked connection at all.

The analysis of the results of observations leads
to the conclusion that the computed values of
the probabilities pj; (Table V) fit good to the
actual state and may be accepted as a reliable
base for further investigations.

9. The Distribution of Geocentric Directions and its
Bearing to the Orbits of Telescopic Meteors

In the preceding paragraphs we have examined
the distribution of meteor directions only with
respect to the vertical and parallels. If we want
to gain an idea about the manner in which the
directions are distributed in the space, we must re-
fer them to a spherical system of coordinates.
The use of an ecliptical system with the longitude
counted from the apex or antapex would be prin-
cipally the most advantageous. However in this
case the conditions of the observations (first of all
the non-uniform distribution of observed meteors
over the sphere) would produce disturbing effects
of selection which would be very difficult to elimi-
nate. For that reason it has been found preferable
to make use of the horizontal system of coordinates,
in which the actual distribution of directions may
be constructed most easily and reliably. Obviously,
the positions of apex, antapex and ecliptic undergo
continuous variations in this system, but the
variations are restrained to certain regions of the
sphere only, and, moreover, the range of variations
may be still reduced by a proper division of the
observations.

Among the observations mentioned in the 7t
paragraph, for 528 meteors complete records in-
cluding the azimuth, altitude and position angle
of the motion were available. These records have
been worked up in a similar manner to that used by
Hoffmeister in his ,,Meteorstrome’ [8]. The ob-
served paths of meteors have been prolonged back-
wards to meet the horizon and the frequency
of the prolongations has been investigated as
a function of the position in the horizontal
system.

There may be a point of objection against this
procedure: it consists in the fact that the effect of
angular velocity has been fully neglected. The
probability of a certain section of the prolongation
to contain the actual radiant depends on the an-
gular velocity of the meteor, on the distance from
the point of appearance, and on the length of the
prolongation from that point to the horizon. Per-
haps it would be more correct to ascribe different
weights to individual sections of the backward
prolongations, but we have no concrete criteria for
doing so. Besides, such treatment would enhance
another disturbing effect, coming from the non-

" uniform distribution of observed meteors over the

visible hemisphere.

Since this non-uniformity may play a certain
réle even in the present method of elaboration, the
local distribution of observed meteors has been
properly examined. The result of this examination
is shown in Figure 6 in the form of an isopletal
diagram. Observed meteor paths have been count-
ed in the areas of 15 30 degrees and from these
counts the frequencies of meteor paths in different
points of the sky, expressed in terms of the average
frequency, have been derived. The curves drawn
in the Figure correspond to the interpolated values
of one-, two-, and three-fold average frequency;
the heavy line at the right and above, delimiting
the blank area, represents the mountain range
elevated above the geometrical horizon of the ob-
servatory. An increased concentration of observed
paths in the altitudes 10—40° is plainly demon-
strated as well as their relatively uniform distri-
bution among different azimuths. The prominence
of increased frequency high in the east is due to
systematic observations near the radiant of the
Lyrid stream during its 1953 return.

In order to obtain a statistical representation of
the distribution of sporadic radiants, the following
procedure has been adoptated. A chart of the
hemisphere in the gnomonic projection has been
drawn in a large scale, with 55 selected points sur-
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Figure 6.

rounded by circular fields 20° in diameter.* The
points have been chosen so as to occupy rather
uniformly the whole visible hemisphere. On a trans-
parent sheet a cross has been drawn, bearing on the
vertical arm ascale of zenithal distances, gnomonie-
ally projected. Denoting by brackets the pro-

* In the projection the fields are shown in the form
of ellipses, only the lowest ones, touching the horizon,
in the form of parabolas and that around the zenith in
the form of a circle. The major axes of the conic sections
coincide with' the verticals. Obviously, the whole hemi-
sphere cannot be represented, but on a chart restricted
to the zenithal distances, say, 0° to 80°, also the inter-
sections of the border fields can be fixed quite reliably
by extrapolation.
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jected lengths and by A an arbitrary constant
setting the scale of the chart we have:

(?) = Atianz

For fixing the great circle arc of a meteor path
in the gnomonic projection by meaus of the cross,
the coordinates of two points are necessary. One
is given approximately by the azimuth and alti-
tude of the field of view; for the other the point
of nearest approach to the zenith may be adopted
with the best advantage. Its zenithal distance Z
may be found by solving the equation following
from the Napier rule,

(50)

sin 9 cos H (51)

sin Z
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Figure 7.

in which 9 denotes the position angle and H the
altitude of the observed path (cf. Figure 1). If we
lay the transparent sheet on the chart so as to
let the marking of zenithal distance Z coincide
with the middle point of the chart, and the other
arm of the cross meet the point of horizontal co-
ordinates @, H, all intersections of the selected
fields along the backward prolongations may be
easily read off. Obviously, one halt of the trans-
parent scale has to be used for 0° <& < 90° or
180° < <270°, and the other Lalf for 90° < <180°
or 270° < 9 < 360°. With the aid of this procedure
all intersections occuring on the chart have been
listed and counted according to the respective
fields. The isopletes referring to 0.75, 1.00, 1.25

and 1.50 average frequency of prolon;ations have
been constructed again by interpolating between
the directlv computed valves.

The best check on the reliability of the deduced
results consists in halving the material and treat-
ingthe twosubgroups separately and independently.
As the relation of the radiants to the apex was of
great interest, a division according to the declina-
tion of the apex has been adopted.

The first group contains the meteors observed
at the heliocentric longitudes 315° to 45°, when
the apex’ declination ranges from +16.5° to
4-23.5°, i. e. in the neighbourhood of the apex’
northern extremity. In the second group the re-
maining meteors have been included (apex’ de-
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Figure 8.

clinations from —23.5° to +16.5°). The first group
consists of 248 observed meteor paths with 1992
intersections of the selected fields; the second
group consists of 279 paths with 2208 intersections.
On the average, 8 intersections fall on each indivi-
duall prolongation.

Isopletal diagrams of the frequencies of prolon-
gations are shown in Figures 7 and 8. The mean
diurnal path of the apex is approximately re-
presented by the dashed line; for Figure 7 the
parallel at & = +20° has been adopted, for Fi-
gure 8 the equator. It may be noted that during
the observations the apex occupied positions ge-
nerally not too distant from the eastern horizon:
for meteors of the first group the apex’ altitudes
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0.00 - 0,75
0.75 - 1.00
1,00 - 1.25
1.25 - 1,50
1,50 - 1.75

were predominantly positive, for meteors of the
second group negative.

The main outlines of the two diagrams are rather
similar. In both cases the regions of densest radi-
ant concentration are closely attached to the path
of the apex, the maximum concentration approxi-
mately coinciding with the position of the apex
about three o’clock after local midnight. By taking
into consideration the effect of the Earth’s orbital
motion, we had to expect a state rather similar to
that shown in the Figures. Due to the vectorial
composition of the heliocentric velocities, uniformly
distributed true radiants must form a non-uniform
distribution of apparent radiants, showing highest
concentration near the apex and a continual decline
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towards the antapex. As the frequency of meteors
becomes greater with increasing altitude of the
radiant, theregion richest on sporadicradiants is ex-
pected to lay between the apex and the zenith. It
may be noted that the lack of radiants in the lowest
altitudes, clearly shown on the Figures, is a little
different in the nature but the same in the original
reason: it is due to the fact that the backward
prolongations of meteors, moving predominantly
from above and appearing predominantly in mo-
derate altitudes, avoid the region below the field
of view.

The effect of the Earth’s orbital motion simul-
taneously stipulates the predominancy of an appa-
rent east-west streaming of the meteors. This may
be shown on a polar diagram of directions, ana-
logous to those of Figure 3. Reckoning the position
angles directly south of the prime vertical and
retrogadely north of it i. e. adding the number of
position angles #in the azimuths 270° to 90° to that
ot the position angles 360° —  in the azimuths 90°
to 270°) we obtain a sensibly as-symetrical dis-
tribution of directions. The auxiliary mirror-like
dotted curve in Figure 9 shows how much the
eastern directions actually prevail over the western
ones.

180

Figure 9.

There is still another point of interest in the
course of the isopletes in Figures 7 and 8, which
gives evidence of a peculiar arrangement of the
telescopic meteor orbits within the Solar system:
it is the relation of the radiants to the ecliptic. If

the inclinations of the orbits were distributed at
random, the apex-concentration would be the
single substantial feature on the diagram. On the
contrary, in case as the orbital planes were more
numerous near the fundamental plane of the Solar
system, an additional concentration of the radiants
near the ecliptic would appear. We see that just
this is the case; it may be demonstrated on two
facts, shown independently both in Figures 7
and 8:

1. The region of highest frequency of the path
prolongations does not lie between the apex and
the zenith but farther southwards, close to the
ecliptic.

2. The region around the antihelion point (and
even farther towards the antapex) presents higher
frequency than the region around the north pole
of the ecliptic, although its distance from the apex
is the same and the distance from the zenith even
larger. The effect is clearly seen especially in Fi-
gure 7, where the low frequency in the NW qua-
drant (containing the pole of the ecliptic) surpri-
singly contrasts with the high frequency in the SW
quadrant (pierced by the antapex and later by
the antihelion point during their night’s motion).

Hence the bearing of the orbits of telescopic
meteors to the plane of the eclipticis clearly demon-
strated. It is readily explicable by the  concep-
tion that a part of telescopic meteors moves in
orbits similar to those of some minor planets or
ecliptical meteor streams. This conception is more-
over supported by the fact that the apex-concen-
tration seems to be comparatively moderate, which
gives evidence of direct motions prevailing over
retrograde.

10. On the Presence of the Hypothetical Anti-
helion Component

Some twenty-five yeras ago Oepik [9] has in-
vestigated the direction distribution of telescopic
meteors on the base of a series of systematic ob-
servations carried out at the Tartu University
Observatory. He found a rather peculiar distribu-
tion characterized by a marked antihelion stream-
ing overlapping the much less pronounced apex—
antapex component. Oepik did not try to give any
interpretation of this phenomenon, attaching only
the following remarks to his announcement:
¢“...Though there are several factors, such as
zenithal attraction, which may slightly favour di-
rections toward P = 270° for the North Pole area,
these are utterly insufficient to explain the pheno-
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menon. The conclusion is that there seems to exist
a marked apparent streaming of meteors approxi-
mately toward the Sun. This streaming appears to
represent a general statistical property of the
meteors. Different seasons of the year equally
reveal this phenomenon ...” On the basis of si-
milar but not so numerous telescopic observations,
carried out in 1941 at the Stalinabad Observatory,
this result has been confirmed by Bacharev [10].

It may be demonstrated that this streaming is
only a consequence of observational selection and
that the Oepik’s and Bacharev’s results do not
contradict the present theory. It is substantial
that all observations concerned have been made in
the same region of the sky, i. e. in the North Pole
area. We shall now discuss Oepik’s data, which
are more detailed and comprehensive; as the
Tartu Observatory is located at 4-58°4 northern
latitude, they refer to a point whose invariable hori-
zontal coordinates are a = 180°, H = +58°4.

Oepik reckons the position angle in the same
direction as we do, but he puts the beginning into
the direction apex—antapex. Our position angle 9,
fixed with respect to the vertical, coincides with
the Oepik’s position angle P at the upper culmi-
nation of the apex; otherwise the two systems
rotate one with respect to another in a period
differing but little from a Mean Solar Day. At
local midnight the following relation holds be-
tween ¢ and P:

9 =P+ 90° + ¢ (52)

where ¢ is a variable term depending on the
eccentricity of the Earth’s orbit and on the in-
clination of the ecliptic. As it oscillates during
the year only between the limits <<—6°, +6°>,
it may be neglected in the first approximation.

According to the Table V, in the case of an
isotropic distribution of geocentric directions in
the altitude H = 58.4° about 37.99%, of the me-
teors would have their apparent motions in the
position angles ¢ = 0° to 90°, 12.19%, in ¢ = 90°
to 180°, 12.19, in ¥ = 180° to 270°, and 37.99,
in ¥ = 270° to 360°. Thus were the observations
distributed uniformly among different day- and
night-hours, the distribution in P would be also
uniform. In each other case a non-uniform distri-
bution must arise, with a maximum corresponding
to the highest frequency of ¥ = 0; the maximum
would be the sharper the more markedly the
observations would be concentrated around a cer-
tain hour.

From Oepik’s results (l. c. Table 3) we see that

28

the mean moment of apparition of the meteors
was about 10 or 15 minutes before local midnight,
709, of meteors being observed between 22P and
2h Mean Solar Time. Consequently, in the distri-
bution of directions a pronounced maximum must
appear at P = 270°, which direction frequently
differed but little from the direction from the
zenith (¢ = 0°). Taking into account the contribu-
tion of the actual apex—antapex streaming, pro-
duced by the orbital motion of the Earth, a second-
ary maximum at P = 0° is to be expected.

We see that the qualitative agreement between
observation and theory is excellent. However,
to obtain a quantitative check as well, we shall
apply the results of Table V directly to those
given by Oepik. We shall retain Oepik’s division
into observations before and after midnignt, and
put 9 =P + 120° for the former group, @ =
= P 4 60° for the latter group, and & = P+ 90°
for the total. Due to the fact that the actual
conditions differ in the individual cases from those
expressed by the mentioned three equations, the
probabilities p’ trom Table V have to be a little
smoothed; instead of pj= piy = 0.379, pj;=
= py; = 0.121 we put:

(53)
(54)

Ph = Py = 037
P = Piy = 0.13

for the two subgroups where the dispersion of
the values & — P is reduced by the division accord-
ing to the time of apparition, and

(85)
(56)

p; = prv = 0.36
P = P = 0.14

for the total of observations.

In the Table XIV Oepik’s results are shown
compared with the respective theoretical values.
N, denotes the observed number of meteors whose
position angles fall within the indicated limits of P;
N, is the expected number derived with the aid
of (53)—(56) for an isotropic distribution of geo-

[

N,
centric directions. From the ratios v

we see

that after applying the reduction for the apparent
distribution of directions in the given altitude, the
antihelion component entirely vanishes. Now the
N c
reveal the actual apex-antapex streaming. Quanti-
tatively, about three times as much radiants lie
in the right ascension of the apex as in the right
ascension of the antapex. Even a little more ra-

occur near P = 0° and

extreme values of
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diants appear east of the apex than west of it
(especially in the morning hours), but the diffe-
rence is not significant. Hence we may conclude
that the secondary apex—antapex component re-
presents the only real streaming of meteors to be
found in the Tartu observations, the apparent
primary antihelion component being entirely
accounted for the special circumstances of these
observations.

Table X1V

Observations before midnight:

9 P N, N, N,
N,
0— 90 240—330 124 98 1.27
90—180 330— 60 61.5 35 1.76
180—270 60—150 37.5 35 1.07
270—360 150—240 45 98 0.46
Observations after midnight:
|
%) P i N, N, A
= 'NE
0— 90 300— 30 73 69.5 1.05
90—180 30—120 37.5 24.5 1.53
180—270 120—210 12.5 24.5 0.51
270—360 210—300 65 69.5 0.94
All observations:
9 P N, N, N,
Ni
0— 90 270—360 187 164 1.14
90—180 0— 90 100.5 64 1.57
180—270 90—180 51.5 64 0,80
270—360 180—270 117 164 0,71

Before closing this paragraph it may be empha-
sized that the proof of the apex—antapex streaming
in the Tartu observations is of considerable im-
portance also for judging of the effect of angular
velocity. Various authors claim that owing to
the magnification of the angular velocity by the
telescope only those meteors may be seen telescopic-
ally whose radiants lie in the close vicinity of the
field of view (cf [11]). If this were true, no marked
apex—antapex streaming could be revealed in the
Tartu observations, having been made not only
in great angular distances from the ecliptic but
also in high altitude (i. e. in a relatively short
distance from the observer) and with a telescope
of no extraordinary low magnifying power (9.2-
fold). It is unacceptable that the meteors of great

radiant elongations have not been recorded due
to the effect of angular velocity. Were the con-
centration of radiants to the apex so pronounced
that just in a small area around the field of view
differences in radiant frequencies of the order
3 : 1 in favour of the directions towards the ant-
apex could appear, then the abundance of tele-
scopic meteors observed near the antapex would
be absolutely incomparable with the abundance
near the apex. The observations made at Skalnaté
Pleso in various elongations from the apex prove
that thisis not the actual case. Hence we are driven
to conclude that the telescopic meteors are collect-
ed from radiants distributed over the whole vi-
sible hemisphere, and that the effect of angular
velocity plays no important réle, except perhaps
for the observations of faintest meteors made in
high altitudes with a telescope of considerable
magnifying power.

11. The Identification of Shower Meteors and
Testing the Activity of Meteor Streams

The importance of this problem for the investi-
gations of the origin and evolution of meteor
streams has been pointed out just in the intro-
ductory remarks to the present paper. The con-
siderations of the preceding paragraphs have shown
that, apart of the apex—antapex component, the
distribution of directions following from the a
priori probabilities of Table V agrees well with
the actual distribution valid for the sporadic back-
ground. The occurence of a meteor shower will
obviously alter this distribution during the
period of perceptible activity: an enhanced number
of meteors will move in the direction from the
shower’s radiant.

The investigation of a given meteor stream by
telescopic observations may be divided into two
main tasks:

I. The verification of the existence of the
shower in the range of faintest meteors and the
derivation of the curve of activity.

IT. The derivation of the position of the radiant
point or, if possible, the construction of the radi-
ant area formed by the cosmic spread of invidual
orbits.

For solving the former task itis most advantage-
ous to arrange the observations so as to let the
direction from the radiant coincide with the direc-
tion to the zenith, and to make the observations
at moderate altitudes of the radiant. In this case
the influence of the shower meteors on the com-
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posite direction distribution wilé be most efficient,
and even a very low number of meteors will
suffice for establishing the shower’s activity. For
solution of the latter task we may use most con-
veniently those meteors, whose apparent path
prolongations include approximately right angles.
Besides we must not forget that the dispersion of
individual radiants of telescopic shower meteors
will be probably large, and that a diffused radia-
tion area of several degrees in diameter has to be
expected in most cases. This fact would favour
observations in the areas far remote from the
radiant point, where the identification of shower
meteors according to their directions would be
easier. On the other hand, in the case of observa-
tions near at the radiant, the low angular velocity
of the shower meteors would represent an addi-
tional criterion on the adherence to the stream, and
the directions could be fixed much more precisely.

The above considerations enable us to develop
a particular method for telescopis observations
of meteor showers, which seems to be most advant-
ageous for the purpose. For the explanation of
this method consult Figure 10.

DIRECTION
TO THE ZENITH

A

Figure 10.

Simultaneous or alternate observations in two
selected fields are suggested, situated both in the
same altitude aslant and above of the radiant, one
(F,) to the left and the other (F,) to the right of it.
Let us denote by ay, hy the horizontal coordinates
of the mean apparent radiant, by a,, A, those of
the centre of F;, and by a,, h, those of the centre
of F,; further by D the maximum expected dia-
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meter of the radiation area and by d the diameter
of the field of view. Then we obtain for the horizon-
tal coordinates of the middle points of the two
fields the followirg approximate relations:

%=w~§w+m%@+§w+dwﬂ
b= he + 5 (D + d) (58)
4y = ag + 5 (D + @) see |y + (D + )] (59)
hy=ha + (D + d) (60)

For permanent cometary streams the assumption
D = 10° seems to be reasonable; in this case for
observations with ordinary instruments the term

%(D + d) cquals to about 6° to 8°. The formulae

(57)—(60) will be practically sufficient for ob-
servations made anywhere except the region
around the zenith. The tollerance is dependent upon
the quantity (D -4 d) and may be measured by the
amount by which the section of the parallel, joining
the centres of F, and F,, deviates from a great
circle arc. If simultaneous watches of F; and F, by
two observers cannot be realized, the fields are to
be alternated in such way as to record equal num-
bers of possible shower meteors in both of them
Then the prolongations may be readily arranged
into pairs, intersecting approximately perpendi-
cularly, and the shape and size of the radiation
area may be estimated with the least difficulty.
Moreover, since the directions of the shower me-
teors fall in F, into the TI* quadrant and in F,
into the ITI*d quadrant exclusively, the reality of
the shower is apt to be established by directly
applying the Law of Chance to the numerical
values of Table V. For the suggested method of
observation, the tabulated probability p7;is namely
equivalent with the a priori probability, that the
direction of a given sporadic meteor will fall into-
the same quadrant as that of the shower meteors.*
Suppose n meteors have been recorded during the
observation, m of them moving from the IInd
quadrant at F, or from the III*¢ quadrant at F,.
The a priori probability P(m, n) of this event in
anight without any shower activity is given by the
Binomial Law
n!

Plm,n) = m! (n — m)! P

(I —py—m (61)

* For the sake of abbreviation we shall replace the sign
P11 by p in the following formulae.
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and the a priori probability P’(m, n) of m or more
sporadic meteors, moving in the indicated di-
rection, by

MWMZZP@M=
< n! . .
= ml"(l — p) (62)

i

=m

Substituting the observed values m, n and the
computed value of p (taken from the Table V
with the argument H corresponding to the mean
of hy, h, during the observation), and figuring out
P’(m,n), we may ascertain whether the assumption
of the shower activity is necessary for explaining
the observed distribution of directions. As a matter
of fact, the criterion is somehow conventional, like
other criteria based on the Law of Chance.Gener-
ally, the value P’(m,n)= 0.1 may induce a
rather serious suspection that the shower is actu-
ally active; by the result P’(m, n) = 0.01 the acti-
vity may be established beyond doubt. Obviously,
in a long series also such observations will appear
here and there, for which our conclusion will be
erroneous. However, this uncertainty cannot in-
fluence the general character of the results as to
the presence of telescopic meteors in different
meteor streams. .

In case that the data are extensive enough, also
the frequency of shower meteors may be roughly
estimated. In many cases the relation of a given
meteor to the shower will be evident, or at least
highly probable, just on account of its low angular
velocity, eventually even combined with a typical
- appearance. However, apart of that the frequency
of the shower in terms of the frequency of sporadic
meteors f may be expressed, using the conception
of the mathematical expectation, in the following
form:

==yl —p) —» (63)

or after applying the approximate reduction to
zenithal frequencies f,:

o= (2 (1= 2 — p)eoseo, (64)

It must be warned against using formulae (61),
(62) unless a sufficient number of recorded meteors
is available. The formulae are practically useless if
either m or n — m is less than three. To avoid this
disadvantage, longer observations with as efficient
instruments as possible (e. g. wide angle binoculars

of a sufficient diameter) are advocated. Combina-
tion of observations on several subsequent nights
is suitable for a more reliable estimate of both
P’(m, n) and f, unless the shower activity under-
goes too rapid variations. Otherwise simultaneous
observations by two or more observers—watching
eventually more pairs of fields defined by dif-
ferent assumptions of D in (60) so as to do not
overlap—are preferable. _

For the convenience of observers formula (62) has
been evaluated for three different altitudes (H=20°,
H = 40° and H = 60°), » ranging from 1 to 20
and P’'(m, n) > 5 X 1075, The results are tabulated
below: it is seen that in low altitudes just two or
three meteors, moving in the required direction,
are entirely sufficient for proving the shower’s
activity. However, in these regions the brightness
of the meteors is decreased by their distance from
the observer and atmospheric extinction, and care
must be taken to do not restrict the data to meteors
of considerable zenithal magnitudes. It is desir-
able to donot includeinto n» and m meteors brighter
than a given limiting value, and to state the in-
vestigated range of zenithal magnitudes in each
case.

An objection may be made against using the
Tables XV—XVII. It consists in the fact that they
are based on the formulae (59), (60) in which for p
the standard values of Table V have been adopted.
However, as we have shown in the 92 and 10t
paragraph, the standard distribution of directions
agrees with the actual one only if the observations

Table XV
H = 20°
m
n
1 2 3 4 5
1 0.02 — — — —
2 0.04 0.0003 —_ — —
3 0.05 0.0010 0.0000 _ —
4 0.07 0.002 0.0000 | 0.0000 —
5 0.09 0.003 0.0001 0.0000 0.0000
6 0.10 0.005 0.0001 0.0000 0.0000
7 0.12 0.006 0.0002 | 0.0000 0.0000
8 0.13 0.008 0.0003 0.0000 0.0000
9 0.15 0.011 0.0005 | 0.0000 0.0000
10 0.2 0.013 0.0006 | 0.0000 0.0000
11 0.2 0.02 0.0008 | 0.0000 0.0000
12 0.2 0.02 0.0011 0.0000 0.0000
13 0.2 0.02 0.0015 | 0.0001 0.0000
14 0.2 0.03 0.002 0.0001 0.0000
15 0.2 0.03 0.002 0.0001 0.0000
16 0,3 0.03 0.003 0.0002 0.0000
17 0.3 0.04 0.003 0.0002 0.0000
18 0.3 0.04 0.004 0.0003 0.0000
19 0.3 0.05 0.005 0.0003 0.0000
20 0.3 0.05 0.005 0.0004 0.0000
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Table XVI
H = 40°
m
n T T
1 2 3 4 5 6 7

1 0.06 — - — — — —
2 0.12 0.004 — — — — —

3 0.2 0.011 0.0002 — — — -
4 0.2 0.02 0.0009 0.0000 — — —
5 0.3 0.03 0.002 0.0001 0.0000 — —
6 0.3 0.05 0.004 0.0002 0.0000 0.0000 —
7 0.4 0.06 0.007 0.0004 0.0000 0.0000 0.0000
8 0.4 0.08 0.010 0.0008 0.0000 0.0000 0.0000
9 0.4 0.10 0.015 0.0014 0.0001 0.0000 0.0000
10 0.5 0.12 0.02 0.002 0.0002 0.0000 0.0000
11 0.5 0.14 0.03 0.003 0.0003 0.0000 0.0000
12 0.5 0.2 0.03 0.005 0.0005 0.0000 0.0000
13 0.6 0.2 0.04 0.007 0.0007 0.0000 0.0000
14 0.6 0.2 0.05 0.009 0.0011 0.0001 0.0000
15 0.6 0.2 0.06 0.011 0.0015 0.0002 0.0000
16 0.6 0.3 0.07 0.014 0.002 0.0003 0.0000
17 0.7 0.3 0.08 0.02 0.003 0.0004 0.0000
18 0.7 0.3 0.09 0.02 0.004 0.0005 0.0001
19 0.7 0.3 0.11 0.03 0.005 0.0007 0.0001
20 0.7 0.4 0.12 0.03 0.006 0.0010 0.0001

Table XVII
H = 60°
{
m
n
1 2 3 4 | 5 6 7 8 9 10

1 0.13 — — — — — — — — —

2 0.2 0.015 — — — — — — — —

3 0.3 0.04 0.002 — — — — — — —

4 0.4 0.08 0.007 0.0003 — — — — — —

5 0.5 0.12 0.02 0.0012 0.0000 — — — — —

6 0.6 0.2 0.03 0.003 0.0002 0.0000 — — — —

7 0.6 0.2 0.05 0.007 0.0006 0.0000 0.0000 — — —

8 0.7 0.3 0.07 0.012 0.0013 0.0001 0.0000 0.0000 - —

9 0.7 0.3 0.10 0.02 0.003 0.0003 0.0000 0.0000 0.0000 —
10 0.7 0.4 0.12 0.03 0.005 0.0006 0.0000 0.0000 0.0000 0.0000
11 0.8 0.4 0.15 0.04 0.008 0.0011 0.0001 0.0000 0.0000 0.0000
12 0.8 0.5 0.2 0.06 0.012 0.002 0.0002 0.0000 0.0000 0.0000
13 0.8 0.5 0.2 0.07 0.02 0.003 0.0005 0.0000 0.0800 0.0000
14 0.9 0.5 0.3 0.09 0.02 0.005 0.0008 0.0001 0.0000 0.0000
15 0.9 0.6 0.3 0.11 0.03 0.008 0.0014 0.0002 0.0000 0.0000
16 0.9 0.6 0.3 0.14 0.04 0.011 0.002 0.0003 0.0000 0.0000
17 0.9 0.7 0.4 0.2 0.06 0.015 0.003 0.0006 0.0001 0.0000
18 0.9 0.7 0.4 0.2 0.07 0.02 0.005 0.0009 0.0001 0.0000
19 0.9 0.7 0.4 0.2 0.08 0.03 0.007 0.0014 0.0002 0.0000
20 0.9 0.7 0.5 0.2 0.10 0.03 0.009 0.002 0.0004 0.0001

are uniformly distributed in different azimuths.
In case of observations in a particular field, an en-
hancement of directions towards the antapex takes
place. However, this objection is not so serious as
it looks like at first glance. True, according to the
Tartu observations the directions towards the ant-
apex are enhanced by a factor of about 1.5 and
those towards the apex reduced by a factor of
about 0.5, but the observations in two fields,
letting the direction from the radiant coincide with
two different directions 90° apart in the fixed

32

ecliptical system, makes this irregularity much
less important. Perhaps only for the observations
near the vertical circle joining the apex with the
antapex it should be regarded.

The rapid changes of p with changing H indicate
that a carefull estimate of the altitudes h; = h, is
to be prefered to taking into account the apex—
antapex component. Just an error in the alti-
tude of several degrees may overbalance the
effect of the apex—antapex streaming. Therefore
it cannot be recommended to use extraordinary
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long observations: the rate ofiiﬁis decisive for

de
the tollerance in each particular case. For the same
reason the method may be employed with less
difficulties in higher geographical latitudes thanin
the lower ones.

The pronounced dependence of P’(m, n) upon p
makes it inconvenient to derive the particular
values of P’'(m, n) by interpolating between the
three round altitudes H given in the headings of
Tables XV—XVII. For the sake of a simpler and
more dependable interpolation Figure 11 has been
designed, presenting the correlation between m,
n, and H for P'(m, n) = 0.1, P'(m, n) = 0.01, and
P'(m, n) = 0.001. The figure may be employed for
a quick ascertainment whether the shower is pre-
sent or not, before applying (62) and (63) for a
rigorous solution.

The use of the Tables XV—XVII and the Fi-

gure 11 is illustrated by the following example. .

During an observation at the mean altitude of 45°,
performed by the suggested method, 10 meteors
have been recorded, 4 of them coming-from the
quadrant where the radiant of the stream is
situated. An inspection of Table XVI and XVII
shows that P’(m,n) = 0.002 for H = 40°, and
P’'(m, n) = 0.03 for H = 60°. In Figure 11 it is
read off that for the altitude H = 45° P'(m, n)
is only a little less than 0.01. Hence the presence
of an active radiant is confirmed and a rough
estimate of the fraquency according to (63) may
be attempted. With the aid of Table V we obtain
f= 0.5 and (for h, = 38°) f, = 0.8 of the sporadic
background. h

12. Conclusions

1. A close dependence between the position in
the horizontal system of coordinates and the ap-
parent distribution of meteor directions has been
pointed out, which surpasses all other factors

entering the statistics of directions of telescopic °

meteors, such as instrumental and physiological
effects, influence of the Earth’s motion, attraction
and shape, or arrangement of meteor orbits within
the solar system. '

2. From geometﬁcal considerations a standard
direction distribution has been derived and con-
firmed by direct observations. Corrections for the
Earth’s curvature and attraction have been de-
duced and evaluated.

3. The improved empirical formulae for deriving
the zenithal hourly rates of meteor showers

3 Préace Astronomického observatoria

have been examined on the basis of the present
theory. It has been found that only smaller de-
partures from the cos z-law than those commonly
indicated may be admitted for the telescopic
observations.

4. The direct observations show that there is no
significant correlation between the inclination of
the meteor path to the encountered atmospheric
layers, and its visibility.

5. It has been demonstrated that for an ordinary
telescope suitable for the meteor work (4-inch with
a 25-fold magnifying power and 3.6° diameter of
the field) the selection due to the restriction of
the field of viewis approximately counterbalanced
by the selection due to the differences in angular
velocities. As a consequence, the instrumental and
physiological effects on the direction distribution
may be safely neglected in the first approximation.

6. It has been shown that even with the 25-fold
magnification the effect of angular velocity is
not so significant as to allow to observe the meteors
in the region around the radiant only.

7. The derivation of the standard direction di-
stribution made it possible to trace various ir-
regularities, coming from the anisotropic distri-
bution of meteor directions with respect to the
Earth. The apparent apex—antapex streaming, re-
sulting from the Earth’s orbital motion, has been
clearly demonstrated by the observations. Besides,
a concentration of the telescopic meteor orbits to
the ecliptic has been found which, together with
the indicated prevalence of direct motions over
retrograde, favours of the opinion that a fraction
of telescopic meteors moves in orbits similar to
those of some minor planets or ecliptical me-
teor streams.

8. The apparent antihelion streaming, found by
Oepik and Bacharev, has been explained by the

~operation of an“effect of selection.

9. A particular method for telescopic obser-
vations of meteor showers has been developed,
which-enables to confirm the presence,and estimate
the abundance, of telescopic meteors in different
streams, even when the radiant is considerably
diffuse. The method is designed so as to make
it possible to estimate simultaneously the size and
shape of the radiation area. In connection with it
special tables have been compiled for evaluating
the probability as to whether a radiant is telescopi-
cally active or not.
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J. KPECAK

PACIOOPEOEJEHNE HAIIPABJEHUN TEJECKOIINYECKUX
METEOPOB

B mnocnexHee BpeMmsi ofpamaioT Bce Godiblile
 GO/IbIe BHHMAHHS HA Me/buafiline TBepible Me-
TEOpHBIE YACTHIBl M Ha HX IOJOXKEHHE B COJHEU-
HO# cucTeMme. TouHble ororpaduyeckue H3Mepe-
HHSl II0JIOXKEHHST H CKOPOCTH MeTeOpOB, KOTOpbIE
B HAcTodlllee BpeMs MOTYT NaTb HAM €IHHCTBEH-
Hble GoJiee MOAPOGHBIE CBeJEHHS O TeJHOLEHTPH-
YyecKHX opOHTax 3THX TeJ, OTPAaHHUHBAIOTCS MPaK-
THYECKH YaCTHIAMM C MaccaMu mopsnaka 1072—
10 rpammoB. Macchl menee 1072 rpaMMoB OTHO-
CATCSL K ¢J1a00 BUAMMBIM H TEJECKONMYECKHM Me-
TeopaM, KOTOPDLIe SBJISIOTCS €CTeCTBEHHBIM Tepe-
XOIOM K HEBHAHMMBIM YaCTHIAM MeTEOPHOH MhIJTH.
IMocrenHue uccrenoBaHUst — NPOHU3BEIEHHbIE Pas-
JIMYHBIMHM HE3aBHCALIMME APYT OT Apyra crmocofa-
MH -— TII0Ka3hIBAIOT, YTO Ha JOJI0 HEBHIUMOI
Mesbyafimefl NblJIM MPUXOLUTCH Gojiee 3HAUHTE/Ib-
HO€ KOJIHYEeCTBO MONajaroliedl Ha 3eMJII0 Macchl,
yeM Ha JoJil0 BHAMMBIX MeTeopoB. HeoGxomumo
YVUUTHIBATD, UTO HALIH CBeIeHHUs] 00 opOUTax 3THX
TeJl SIBJIAIOCS OYeHb HeHaleXXHBIMH, H aHaJIoTHs
C SIDKHUMH MeTeopaMH He IpEeACTaBJAeTCs 06G0CHO-
BAHHOH.

K camblM akTyasbHBIM BOIPOCaM METEOPHOH
ACTPOHOMHH OTHOCHTCSI BOINPOC, COAEPXKAIOTCS JIH
Takde MeJbyaflliie YacTHIB METEOPHON MBLIH
B Da3jIMYHBIX METEOPHHIX MOTOKAaX, W €CJHH 4, TO
B KaKOM KOJIHYeCTBe M pacrosiokeHnd. C TOYKM
3peHHs1 00pa3OBaHHSl H PA3BUTHsI METEOPHBIX IIO-
TOKOB 0CO0Oro BHHMAHHSI 3aC/JyXKHBAIOT JBa BO-
npoca, pelleHde KOTOPHIX HAZ0 HCKaTh B 06JACTH
TeJIeCKONUYECKHX MeTeopoB. IlepBbIM Bompocom
SIBJISIETCSI 3aBUCHMOCTb pacCesiHis OpOHUT OT BeJIH-
YHHBI METeOPOB, KOTOpas MOXKeT HaTb H3BEeCTHOe
NpeicTaBleHHe O pacHpefe/eHHH HMIYJIbCOB Me-
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KAy MeTeopaMH IPH HX OT[eJeHHH OT MaTepHH-
CKO# KOMeThl (HJIH 2Ke [PH JPYroM mpouecce obpa-
30BaHHsl), a CJAeJOBaTeSbHO W 00 yCJOBHSX o0pa-
30BaHUsl [OTOKa. DBTOPBIM BONPOCOM SABJSAETCS
omnpefie/ieHHe CHCTEMATHYeCKOro H3MeHeHHs 3Je-
MEHTOB OpOHT HeGOJIBIUMX YacTHLL NOJ BJHAHHEM
pmatesbHoro neicreusi sddexra IlofiTHHr—Po-
0epTCOHA, KOTOPOe MOXKeT AaTb HaM MpeAcTaBJle-
HHE O BpeMeHH, KOrJa MPOU30ILJIO OTHe/eHHEe, a
C/IeloBaTeNIbHO, M O Bo3pacTe HoTokKa. /s pele-
HHSl [IEPBOTO BOMPOCA HEOOXOJMMO MPOM3BECTH LO-
CTAaTOYHO TOUYHBIE OlpefeseHHe 0OJIbIIOro KOJHYe-
CTBa paJgHaHTOB CJalblX MeTeopOB IOTOKa, 4TO
[IPH COBPEMEHHBIX TeXHHYECKHX CPeJCTBaX MOXKHO
clieJlaTh TOJIBbKO TPH TOMOILM TeJseCKolla, a TaKkKe
ompelesNeHHe HX TeJHOLEHTPHYECKHX CKOpOCTeH
C TOYHOCThIO, GoJblleli YeM MOCPeACTBOM pajapa.
Peliense BTOPOTo BOIPOCa CBA3AHO C KOJHUECTBOM
CJ1aBbIX METEOPOB B IMOTOKE, YTO MOXKHO DPelIHTb
TOJIBKO TIPH [OMOLIM COOTBETCTBEHHO NPHCIOCOD-
JIEHHOTO METOJIa TEJIECKOIIMUECKOTO HJIH PafapHOrc
HaOJ/IONeHHs; M3 3THX JBYX CIOCOOOB TeJIeCKONH-
YeCKHe HaOJMIOJeHHsT A0 CHX 10D MO3BOJIAIOT
HccaenoBaTh MeJsyaiiliie 4acTHIBI H HMEIOT, cle-
JOBATeJbHO, OOJIbIIHE IEePCIeKTHBEl Ha YCHex.
Ilpu Hab/ioneHHsAX MeTEOpPOB MOCPEACTBOM Te-
JlecKona HJH pafapa (pakTopoM MOMeX SBJSercs
¢$oH crnopaguuecKUx METeOpOB, KOTOPHIH ropasio
TPyZHee UCKJIIOYHTh, UeM NPU BH3YaJbHBIX U (OTO-
rpaduueckux HabJogeHusIX. ['J1aBHOH 3anauell Ha-
e paboTHl SIBJISJIOCH ONPeNeTUTh CBOACTBA 3TOrQ
¢doHa, HafiTh HauboJiee HMOAXOAAIIMH CIOCOO MAJS
HCKJIIOUEHHS €r0o BJHSAHHA NPH HAOMOAEHHAX Me-
TEOPHBIX TOTOKOB, U ONHOBPEMeHHO paspaboraTb
JpYro# He3aBHCHMBIH Ccriocod AJs CTaTHCTHYECKOTO
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OUpeNeJeHHsi aKTHBHOCTH IIOTOKOB,
NpHBEeJAEHHOMY B Jpyroi
cOopHHKa.

Heo6xonumo O6blIO NPOBEPHTh MPaBHIBHOCTD
TEOPETHYECKUX BBIBOAOB, OCHOBAHHBEIX Ha JOBOJb-
HO CJIOXKHBIX IpPEINOCHIIKAX,
CTBEHHOr0 HaOJII0JeHHS; IOSTOMY B HacTrosulel pa-
6ore pospaboraHo HaOaoxeHuit Gosee 1000 Te-
JIECKOTTHUECKUX MeTeOpOB, IPOH3BeJeHHbIX B 1946—
1953 rr. B acrpoHommuyeckoi# oGcepBaropuu Cilo-
Bankoi Akagemuu Hayk B CkasnbHate [11eco. Uto
KacaeTcsl CTAaTHCTHKH HalpaBJeHHH, TO 3TOT Psif
HabuogeHuli sBJaserTcss HaubGosee OOIIHPHBIM H3
BCeX JI0 CHX Iop onyO6/uKoBaHHbIX. Ha ocHOoBaHuH
3THX HaOJ/IOfEeHHH Mbl CMOIVIH PeUIMTb H HEeKOTO-
pble JajbHelIline BOMPOCH], KOTOpble CBS3aHBI He
¢ 00pasoBaHHEM METEOPHBIX IOTOKOB, HO C reoMeT-
PUUECKHMH H (DH3HOJIOTHUECKHMH YCJOBHSMH BH-
JUMOCTH METEOPOB IIPH TeJIeCKONMHYeCKHX HabJo-
nenuax. Kpome toro 6blyid NpOU3BeJEHbl HCCJIEL0-
BaHHMs I10 pacrpefie/eHHI0 OPOUT TeJIeCKOIHUECKHX
MeTeopoB B IPOCTPAHCTBe, 0COGEHHO HX OTHOILE-
HHE K afeKCy M SKJHITHKE.

U3 paGoThl BEITEKAIOT CJIEAYIOLIHE OCHOBHbIE 3a-

KJIFOYEHHS: - . :
L Kaxyuieecs pacnpene/enne HanpasJeHui Te-
JIECKOIIHYECKUX METeOPOB TECHO CBSI3aHO C MOJIO-
J)KeHHeM HabuogaeMoi 00/1aCTH B TOPH3OHTaJIbHOH
CHCTeMe KOOpAMHAT. DTa 3aBHCHMOCTb HMeeT 3Ha-
4uTeNbHO .G0JIblllee 3HaUeHHe, 4YeM BCe OCTaJbHble
(aKkTOpBI, NPOABJAIOUMECS B CTATHCTHKE Hampa-
BJIEHHH, T. €. HHCTPyMeHTaJ/IbHEle U (PU3HOJOrHYec-
KHe BJIMSIHHS, BJIUAHHE (DOPMBI, TACOTEHHS H JBH-
JKeHHst 3eMJIH, a TaK¥Ke PacoJOXKeHHe MeTeOPHBIX
OpOHT B COJIHEUHOH CHCTeMe. '

2. Ha ocHOBaHHMH FeOMETPHYECKHX COOOpaxKeHUuH
‘ydasoch BEIBECTH CTaHAAapTHOE pacnpejeseHue Ha-
NpaBJIeHHIl, KOTOPOe OYeHb TOUHO COBMAJAeT C pe-
3yJbTaTaMu HaOmofedut. [TonpaBku Ha HCKPHUBJIE-
HHe aTMoc(epbl M 3EHHTHOE IPHTSKeHHe OblIH
BbIpaXKeHbl (OpMyJaMH H BKJIOYEHbl B OKOHYa-
TeJIbHble Pe3yJbTaThl.

3. Bruto mpousseneno cpapHenne popmya Tod-
mefictepa u [Ipentnca /IS BEIYHCJICHHS 3eHHTHOM
4aCTOThl METEOPHBIX, IOTOKOB ¢ (hOopMyJIaMH, KOTO-
pble KOCBEHHO BBITEKAlOT W3 Halllelf TeOPHH. BBlJIO
'YCTaHOBJIEHO, UTO TPH TeJIeCKONHUECKHX HabJIole-
HHAX HAJI0 NPUHAMATH MEHbIIHe OTKJOHEHHS OT
MPOCTOTO 3aKOHA F ~ COS 2, 4eM OGBIYHO yKa3bi-
BaIOT, ' ‘

K Ccrocody
CTaTbe HACTOSILIEIO

OyTeM HENoCpes- -

4. HenocpencrBeHHble HaOJ/IONEHUST IOKAa3HI-
BAIOT, YTO BHAHUMOCTb TEJECKONHYECKHX MeTEeOPOB
NPAaKTHYECKH He 3aBHCHT OT YIJa, MO KOTOPBIM
MeTeophl IONafaloT B atMochepy 3eMJH.

5. Beuto mOKasaHo, YTO MpH NpPHMeHeHHH HOp-
MaJIBHOI'O TeJIECKOMNa, MOAXOASALIEro AJIsi TeJIeCKO-
NHuecKUX HaOmoneHuit MeteopoB (nuamerp 10 cm,
yBesnHueHue B 25 pas, moJie 3peHus 3,6°) ceJexuus
OI'DaHHYEHHOT'O I0JI 3DEHHs BblpaBHHBAeT CeJieK-
ILIMI0 Pa3HBIX YIVIOBHIX CKOPOCTeH, Tak 4TO IPH CTa-
THCTHKE HalpaBJeHHH He HaJo IPHHUMATh BO BHH-
MaHHe MHCTPyMEHTa/JbHble M (DH3HONOrHUECKHE
BJIHSIHHS.

6. [laxke mpH yBeJIHUEHHH B 25 pa3 BJHSHHE yBe-
JINYeHHs YTJIOBOH CKOPOCTH He HacTOJIbKO 3HayH-
TeJIbHO, YTOObI JaTb BO3MOXKHOCTL HaO/I0AaTh Me-
TEOPbl TOJIbKO BOJIM3M pajfiHaHTa, Kak MpenroJa-
raloT HeKOTOpble aBTOPHI.

7. OmnpenesieHHe CTaHZAPTHOIO pacnpejeleHHs
HampaBJleHHH O0O0eCNeYnJo BO3MOKHOCTL IIPOH3-
BecTH 0oJiee MOJAPOOHBIE HCC/IeNOBAHHs aHH30TPO-
[IMH HalpaB/JeHHH [BHXKEHHST MeTeopOB BOJH3H
3emun. Kaxyieecss JBHKeHHe MeTeOPOB OT amek-
ca K aHTHaNeKCy, BbI3bIBaeMOe JBHXKeHHeM 3eMJIH
BOKpyr CoJiHIla, SICHO MpOsiBJIseTcs NpH HabJoze-
Husix. Kpome Toro, ycraHoB/leHa TakKXe KOH-
LIeHTPallksl METEOPHBIX OPOUT K MJIOCKOCTH 3KJIHII-
THKH, KOTOpas BMecCTe C GOJIbIIMM KOJHYECTBOM
NPSAMBIX JABHMKEHHH 110 CPABHEHHIO C OOPATHBIMH
MOKa3bIBAET, YTO OPOHMTHl YaCTH TeJECKOIHYECKHX
MeTeOpOB IIOXOXKH Ha OpPOHUTHI HEKOTOPBIX MAaJbIX
IVIaHEeT WJIH SKJHITHKAJIBHBIX [TOTOKOB.

8. JlBu:KeHHe MeTeopOB 1o HampasJeHHIo K CoJH-
U:y,.yC’l‘aHOBJIeHHOtE Onukom u bBaxapesnim, yna-
JIOChb OODBSCHHTb CeJIeKUHeH, KaK TOJbKO Kaxy-
meecs. - :

9. Jlaa TesecKONHYECKHX HaGJIIONeHHH MeTeop-
HBIX IOTOKOB OB/ BBIpaGOTaH CliellHaJbHbIH METO/,
KOTOPBIH JaeT BO3MOXKHOCTb YCTAHOBHTh HaJIHUHE H
YHCJIO CJ1abbIX MeTeOpOB B Pa3HBIX NMOTOKAX, B TOM
YHCJIe B [IPH OUeHb PaCCesTHHBIX paauanTax. Meron
paspaboraH TakuM 006pasoM, 4TO OJHOBPEMEHHO
JlaeT BO3MOXKHOCTb QNpeAe/]siTb H PasMephl U BHIL
oGsiacTu panuanud. IIpn moMoluu MoApoOHBIX Ta-
6JIML, OCHOBAHHBIX Ha NPHHIMIIAX TEOPHH BEPOST-
HOCTH,. MOXKHO HaJeXKHO ONpPeNe/UThb, SIBJISeTCs JH
M3BECTHBIH  PaHMaHT TeJIECKOTIHYECKH ~ AKTHBHBIM
Wi HEeT, :

]
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LUBOR KRESAK

ROZDELENIE SMEROV TELESKOPICKYCH METEOROV

V poslednom &ase venuje sa stale vidésia pozor-
nost najmensim pevnym &astockdm medziplane-
tarnej hmoty a ich postaveniu v slneénej ststave.
Presné fotografické merania poléh a rychlosti
meteorov, ktoré za dne$ného stavu ndm jediné
mozu podat blizSie intormécie o heliocentrickych
drdhach tychto telies, prakticky sa obmedzuji na
diastotky o hmotdch riddu 1072 aZ 10 gramov.
Hmoty pod 1072 gramov pripadaja na slabé vi-
zudlne a teleskopické meteory, ktoré tvoria pri-
rodzeny prechod k neviditelnym prachovym &ias-
totkdm. Najnovsie vyskumy naznadujd, Ze na ne-
viditeIny prach pripad4 ovela v#ési prinos hmoty
Zeme ako na viditeIné meteory. Pritom nae vedo-
mosti o drahach tychto telies sG velmi neisté
a analdgia s jasnymi meteormi nezda sa byt nijako
opodstatnend.

Medzi najnaliehavejSie problémy meteorickej
astronémie patri otdzka, ¢i, v akom poéte a v akomr
usporiadani st neviditeIné prachové éiastodky ob-
saZené v meteorickych rojoch réznych typov.
Z hladiska vzniku a vyvoja meteorickych rojov
zasltzia si osobitntt pozornost dve otdzky, ktorych
rozrieSenie mozno hladat uz v oblasti teleskopic-
kych meteorov. Po prvé je to zavislost rozptylu
dréh od velkosti meteorov, ktord ndm méze podat
uréity obraz o rozdelenf impulzu medzi rojové
meteory pri ich odltéeni od materskej kométy
(pripadne aj pri inom procese vzniku) a tym
i o podmienkach vytvorenia roja. Po druhé je to
zistenie systematického posunutia drdh mensich
dastic pod vplyvom dlhého pésobenia Poynting—
Robertsonovho efektu, ktoré ndm moze pedat in-
forméegiu o Gase,kedy k odludeniu doslo, a teda aj
o veku roja. Riefenie prvej otdzky predpokladd

%8

uréenie velkého po&tu presnych radiantov slabych
rojovych meteorov, ktoré je pri dnenych technie-
kych prostriedkoch mozné iba teleskopicky a ur-
&enie ich heliocentrickych rychlosti s vééSou pres-
nostou ako davaji radarové merania. Riefenie
druhej otdzky savisi s podetnosfou slabych me-
teorov v roji, o ktorej mozno rozhodnut iba vhodne
prispésobenou metédou teleskopického alebo ra-
darového pozorovania; z obidvoch metéd vSak
teleskopické pozorovanie mé nateraz vacsi dosah
a tym aj vadéSiu nddej na tuspech.

Pri pozorovaniach dalekohladom alebo rada-
rom vystupuje ako ruiivy faktor pozadie sporadic-
kych meteorov, ktoré sa da ovela fazsie eliminovat
ako pri vizudlnych a fotografickych pozorovaniach.
Hlavnou tlohou nafej prace bolo uréit vlastnosti
tohto pozadia, najst najvhodnej§i sydsob na po-
tladenie jeho vplyvu pri pozorovaniach meteoric-
kych rojov a vytvorit sutasne drubi, celkom ne-
zévisla metédu dopliiujicu Statistické zistovanie
&innosti rojov, o ktorom sa zmiefiujeme na inom
mieste tohto sbornika.

Platnost teoretickych vyvodov, zaloZenych na
uréditych predpokladoch, bolo treba na mnohych
miestach verifikovaf priamym pozorovanim; preto
préca obsahuje aj redukcie pozorovani vyse
1000 teleskopickych meteorov, vykonanych v ro-
koch 1946—1953 na Astronomickom observatériu
SAV na Skalnatom Plese. Co sa tyka Ztatistiky
smerov, tento pozorovaci rad je zo vietkych do-
sial publikovanych radov najobsiahlejsi. Preto sa
na fiom dali rieSit aj niektoré dalsie problémy,
ktoré nestvisia s vyvojom meteorickych rojov,
ale s geometrickymi a fyziologickymi podmienkami
vidite]nosti meteorov pri teleskopickom pozore-
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ani. Okrem toho bolo sktimané rozdelenie drah
teleskopickych meteorov v priestore, najmi pokial
sa prejavuje vo vztahu k apexu a k ekliptike.

Z prace vyplynuli tieto hlavné zavery:

1. Zdanlivé rozdelenie smerov teleskopickych
meteorov tzko stvisi s polohou pozorovanej ob-
lasti v horizontédlnom stradnicovom systéme. Této
zavislost daleko prevySuje vetky ostatné faktory,
ktoré sa prejavuji v Statistike smerov, t. j. pri-
strojové a fyziologické vplyvy, vplyv tvaru, pri-
tazlivosti a pohybu Zeme, alebo usporiadanie me-
teorickych drah v slnednej ststave.

2. Z geometrickych tvah podarilo sa odvodit
§tandardné rozdelenie smerov, ktoré velmi dobre
sthlasi s pozorovanim. Opravy na zakrivenie
atmosféry a zenitovi atrakciu boli vyjadrené
vzorcami a zahrnuté do definitivnych vypoctov.

3. Hoffmeistrov a Prenticov vzorec pre vypodet
zenitove] frekvencie meteorickych rojov boli po-
rovnané s tymi, ktoré nepriamo vyplyvaja z nasej
tedrie. Ukazalo sa, Ze pre teleskopické pozorovania
treba prijat mensie odchylky od jednoduchého
kosinového zakona, ako sa bezne udavaja pre vi-
zudlne pozorovania.

4. Z pozorovani mozno odvodit, Ze viditel-
nost teleskopickych meteorov je prakticky ne-
zavisld od uhla, pod ktorym vnikaja do zemskej
atmosféry.

5. Bolo dokézané, Ze pre ncrmélny dalekohlad,
vhodny pre teleskopické pozorovania meteorov
(priemer 10 ¢m, zvéicéSenie 25-nédsobné, zorné pole
3,6°) vyberovy efekt ohranideného zorného pola

priblizne vyrovnava vyberovy efekt roznych uhlo-
vych rychlosti, takze pristrojové a fyziologické
vplyvy pri Statistike smerov netreba brat do
uvahy.

6. Ani pri 25-ndsobnom zviéSeni nie je vplyv
zvidSenej uhlovej rychlosti taky, aby dovolil po-
zorovat meteory iba v blizkom okoli radiantu, ako
niektori autori predpokladajd.

7. Odvodenie Standardného rozdelenia smerov
umoznilo bliz§ie presktmat anizotropiu smerov
pohybu meteorov v blizkosti Zeme. Zdanlivé pri-
denie meteorov od apexu k antapexu, vyvolané
pohybom Zeme okolo Slnka, sa na pozorovaniach
zretelne prejavuje. Okrem toho sa ukézala uréitd
koncentracia meteorickych drah k rovine ekliptiky,
ktord spolu s prevahou priamych pohybov nad
retrogridnymi poukazuje na to, Ze drahy Casti
teleskopickych meteorov pripominajt driahy ma-
lych planét a ekliptikdlnych rojov.

8. Prudenie teleskopickych meteorov smerom
k SInku, ktoré zistili Oepik a Bacharev, podarilo
sa vysvetlit vyberovym efektom ako zdanlivé.

9. Pre teleskopické pozorovania meteorickych
rojov bola odvoden4 Specidlna metéda, ktord do-
voluje zistit pritomnost a podetnost slabych meteo-
rov v réznych rojoch, a to aj pri velmi diftznych
radiantoch. Metéda je upravens tak, aby sa si-
casne dali urit tieZ rozmery a tvar radiacénej ob-
lasti. Pomocou podrobnych tabuliek, zaloZenych
na zdkonoch poétu pravdepodobnosti, d& sa spo-
Tahlivo zistit, ¢i je urdity radiant teleskopicky
aktivny alebo nie.
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