M. KRESAKOVA

THE MAGNITUDE DISTRIBUTION OF METEORS
IN METEOR STREAMS

Abstract: The magnitude distribution of meteors in different meteor showers is investigated on the basis of about
48,000 magnitude estimates and 28,000 altitude estimates obtained at the Skalnaté Pleso Observatory. The probabili-
ties of perceiving meteors as a function of their magnitudes and positions are derived and applied to the construction
of the expected apparent magnitude and altitude distributions for different magnitude functions dN ~ x*dM. These
are compared with the observation and the values of the constant » are deduced. A seasonal invariability of the magni-
tude function of sporadic meteors, suggesting its independence of the geocentric velocity, is found. All seven major
showers under investigation yield a pronouncedly lower value of » than their sporadic background, which is confirmed
by a significant lack of shower meteors in the telescopic magnitude range. Attention is paid to the variation of the
magnitude function with the position within individual streams and to its changes with the magnitude. Some anomalies
assgociated with the evolution of meteor streams are established.

1. Introduction

The recent development of observing techniques
in meteor astronomy—in particular the appli-
cation of radio techniques and measurements
on artificial satellites—has considerably extended
the range of particle sizes accessible to direct
studies. Observations covering different magnitude
ranges have proved beyond doubt that many of
the statistical characteristics of meteor activity
and meteor orbits substantially vary with the
magnitude.

One of the most striking features is a different
proportional representation of shower meteors
in photographic, naked-eye, telescopic, and radio
surveys; this difference is quite distinct even
if the data of one survey are ample enough to be
treated separately for different magnitudes or
echo durations (Millman and MecIntosh 1963).
Telescopic observations reveal a general lack of
faint meteors associated with the major showers
known from naked-eye observations (Kresikovd
and Kresdk 1955); on the other hand, showers
composed of telescopic meteors only were found
(Stepan 1959). The rates of very faint radio meteors
show considerable variations attributed to their

shower properties (Gallagher and Eshleman 1960)
and the striking variations of the impact frequency
on artificial satellites suggest the existence of
dense micrometeorite showers (Dubin, Alexander
and Berg 1963). The extension of a direct deter-
mination of the orbits to smaller particles establis-
hed the presence of unusual types of short-periodic
orbits, hitherto unknown (Davies 1957, Hawkins
1963), and the proportion of asteroidal orbits was
shown to increase with decreasing brightness
(Kresdk 1964). Also the structure of meteoroids
appears to vary with their sizes (Whipple 1952,
Cook and Whipple 1955), being at the same time
different for different meteor showers (Jacchia,
Kopal and Millman 1950, Jacchia 1952, Verniani
1964); the colour indices suggest a different radia-
tion mechanism of bright and faint meteors
(Jacchia 1957, Ceplecha 1959, Davis 1963).

Although the abundance of meteors sharply
increases with decreasing brightness, the ratio » of
meteor numbers in two neighbouring magnitude
classes, .

M+1
N, (1)
remains approximately constant within broader
magnitude intervals. By adopting a constant s in

o =
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(1) the magnitude distribution is expressed by the
magnitude function

which may be conveniently plotted as a linear
relation between log N and M. The determination
of the ratio for various meteor samples and magni-
tude ranges—e.g. for individual meteor showers,
for sporadic meteors of a given period, for faint
telescopic meteors or bright fireballs—may reveal
differences among various meteor populations.

The determination of the constant x» is made
difficult by selection effects depending on meteor
. magnitudes, which are inherent in every method
of observation. As a rule, they are most interfering
just near the detectable limiting magnitude,
where the data are most abundant and thus of
greatest weight from the purely statistical point
of view. In visual observation they affect the whole
magnitude range, since the effective field of view,
controlling the number of meteors recorded,
continuously varies with the apparent magnitude.
The relation between the effective field of view
and meteor magnitude may be found only empi-
rically, with a special arrangement of observations
different from the current practice.

For the investigation of the magnitude distribu-
tion, as an important contribution to the studies
of the origin and evolution of meteors, meteor
showers deserve special attention for the following
reasons:

(a) Well-defined meteor streams represent the
earliest evolutionary stage of a more complicated
system, as a formation originating immediately
after the separation of meteoroids from the parent
body.

(b) The heliocentric orbits of the members of
a shower are almost identical.

(c¢) Individual members of a stream are very
probably more uniform as regards composition
and structure than the members of different streams
and sporadic meveors. A uniform age may also
be met more frequently.

The similarity of the orhits ensures that the
objective conditions for the influence of external
agents—solar radiation, planetary perturbations,
collisions—are uniform, differing for individual
particles only by a random selection. The fact
that the common velocity vector of individual
meteors yields uniform conditions for the atmos-
pheric collisions is of particular importance.
Assuming a uniform composition and structure
of all meteoroids of a given stream, the scale
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of absolute magnitudes may be directly associated
with the scale of masses, or dimensions. This
assumption is obviously only a rough approxim-
ation; however, for sporadic meteors even this is
impossible due to the dispersion of geocentric
velocities.

The data on the magnitude distribution of
meteors available at present are rather sparse,
and in some respects even discordant. Nevertheless,
remarkable anomalies have been reported, sug-
gesting

(a) different values of » in different showers,

(b) a variation of » with the location of the
meteor sample within the stream,

(c) a variation of » with the magnitude.

Attempts were made to explain these anomalies
by different evolutionary processes; the explana-
tions, which may be of basic significance for the
theories of origin and evolution of meteor streams,
are not yet generally accepted. The ratio » for
a number of meteor showers was derived by Levin
(1953) using the visual observations of Hoffmeister
(1948). He finds a broad range of x—from 1.7
(Lyrids) up to 4.4 (Virginids)—and attributes
the differences, at least partially, to a different
structure of the inner and outer regions of the
streams, respectively. He suggests that the distri-
bution of momenta at ejection from the parent
comet, by which smaller particles attain higher
relative velocities and disperse into a broader
belt, causes a preponderance of larger particles
in the inner part of the stream. An effect
of this kind is also predicted by Whipple (1951)
on the basis of his icy model of cometary nuclei.
A relative concentration of larger particles in the
central part of the stream is confirmed by Pickering
(1902) in visual observation of the Leonids, by
Plassman (1925) in visual observations of the
Perseids, by Hawkins and Almond (1952) and by
Kagéejev and Lebedinec (1959) in the radio
observations of the Geminids, and by Weiss
(1963) in radio observations of the & Aquarids.
A number of indications that » decreases at the
time of an extraordinarily strong meteor display
was collected by Levin (1956).

Another evolutionary process—the operation of
the Poynting-Robertson drag—requires a concent-
ration of larger particles at the outer boundary of
the stream, remote from the Sun (Wyatt and
Whipple 1950). A corresponding trend of the
magnitude distribution, more precisely speaking
of the distribution of echo durations, was found
by Lindblad (1952) in radio observations of ¢
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Aquarids and by Plavcova (1962) in radio observa-
tions of the Geminids. However, Lindblad’s result
finds no confirmation in the observations of
‘McKinley (1954).

The changes of » with the magnitude appear to
be the best confirmed of all these anomalies,
despite the selection effects which are most
interfering just in this case. As a rule, » decreases
towards fainter meteors, as is seen from the radio
observations of Browne, Bullough, Evans and
Kaiser (1956), Kasdejev and Lebedinec (1959) and
Weiss (1963). In visual observations of the Perseids
a deficiency of faint meteors was found by Opik
(1923), Watson (1934), Kresak and Kresikova
(1953) and Van den Bergh (1956), in telescopic
observations of the Perseids by Kresakova (1958),
in visual observations of the Leonids by Watson
(1934). In both cases we have to do with old
cometary showers of considerable dispersion. On
the other hand, in the observations of the young
compact shower of Draconids by de Roy (1933) and
Richter and Sandig (1933) no decrease of x can be
established, as was shown by the analysis of
Watson (1934) and Plavec (1957). This difference
would suggest that the effect appears only after
a longer evolution. Plavec (1950) attributes this
to the operation of the Poynting-Robertson
effect, Kresik (1960) to that of corpuscular
sputtering by solar radiation.

2. Observations and their errors

Insufficient reliability of the observing data is
a weak point of most of the results quoted in the
preceding section. Good photometry is possible
only for photographic observations which are not
numerous enough for statistical purposes and are
restricted to brighter meteors. Radio observations
permit the study of the magnitude distribution using
the distribution of echo amplitudes, or durations,
but the relation between photometric and radio-
echo characteristics is rather complicated by the
position and aspect sensitivity involved. Despite
their obvious shortcomings, due to the substitu-
tion of objective measurements by subjective
estimates, naked-eye observations still remain one
of the most promising means for obtaining infor-
mations on the magnitude distribution of meteors.

Visual observations of meteors have for a long
time been one of the permanent programs of the
Skalnaté Pleso observatory; in extent and homo-
geneity the series of data collected are compa-

rable with the best series available elsewhere. The
data are particularly extensive for the permanent
meteor showers: in comparison with Hoffmeister’s
observations analysed by Levin (1953), the total
number of magnitude estimates is about seven
times greater. In most cases, the altitudes of
individual meteors are also available. Inasmuch as
the altitude distribution of meteors is connected
with the distribution of their apparent magnitudes,
it may be used as another base for the investigation
of the magnitude distribution, yielding an indepen-
dent check of the results. :
The observational data used in the present
study were collected during the period 1944—1955,
by the following observers: J. Ambrus§, M. Antal,
R. Bajcar, I. Bajcarova, G. Bakos, A. Bedvai*,
K. Beévarova**, N. Blahova, Z. Bochnidek,
J. Bouska, Z. Ceplecha, I. Cajda, S. Dé&dek,
L. Drozd, M. Dzubak*, M. Forgaé, H. Frajovi,
V. Guth, J. Guthova, M. Hajkové, M. Hartmanov4,
V. Hoepfnerova, J. Ivan, T. Jandik, J. Kadarika,
V. Kiss, F. Kresak, Il. Kresak*, M. Kresikovi,
S. Krohova, J. Kudera, Z. Kviz, V. Letfus,
J. Lexa, B. Maletek, J. Malovec, D. Mayer,
A. Mrkos*, O. Obiirka, S. Olejnik, B. Onderlitka,
L. Pajdusdkova*, A. Paroubek, Z. Pichal,
J. Plavec, M. Plavec, Z. Plavcova, R. Podstanicka,
J. Sitar, J. Siroky, J. Stohl, S. Suba, V. Thurzo,
dJ. Uhlar, F. Vadovié, B. Valnidek, M. Vranovi.
In spite of the considerable number of col-
laborators the composition of the group was
fairly steady, most frequently formed by four of
the five observers denoted by asterisks and the
recorder denoted by a double asterisk. The method
of observation did not undergo changes during
the 12-year period; the only change to be noted
in connection with the present work was an
introduction of the altitude records in 1964. The
team was mostly composed of four non-plotting
observers watching four principal directions (azi-
muths 0°, 90°, 180° and 270°, altitude 45°) and
a recorder. Cloudiness, if present, was recorded in
10-minute intervals for each direction watched
as a percentage of the meteors presumably escaping
observation behind the clouds. The limiting
stellar magnitude was generally not recorded
because this is quite steady at the high-mountain
location of Skalnaté Pleso (1783 m above sea-level).
In order to suppress the effect of varying meteoro-
logical conditions, all observations, or partial
intervals thereof, during which the cloudiness
exceeded 20 %, were discarded from further elabor-
ation. The same was done with those observing
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records on which a sensible Table T
1¥1terference of moonlight, twi- Number | Numbor of estimatos
light or gale was noted. Shower L umbex
. . . returns observations M M. H+ H.
After this preliminary se- +
lection the data given in Tab- Lyrids 5 15 . 820 502 055
le I were found suitable for | 5 Aquarids 3 9 66 315 — —
8 Aquarids 9 48% 584 7012* 494 6282*
further treatment. It may | p  0g 10 138 19407 | 16691 8456 | 10659
be noted that there are more | Orionids 6 28 1015 1693 847 1149
; Leonids 5 13 234 547 170 280
data on the magnitudes, both | (L0, 7 33 4072 1930 3021 1425
of shower (J,) and spora- all showers 45 236 25885 21996 | 13490 14468
dic meteors (M_), than on

their altitudes. The differ-

ence mainly concerns the observations from the
first two years when no altitude estimates were
recorded. The sporadic meteors are primarily
considered as comparison samples useful for
suppressing the effects coming from unavoidable
moderate variations of observing conditions and
personal factors of the variable team of observers.
For the statistics of magnitudes they were taken
only from those nights when shower meteors
were recorded, too. The altitude distribution is
less sensitive to minor variations of observing
conditions, and it was decided to apply for this
purpose all observations from the whole period of
expected shower activity, irrespective of whether
any shower meteors were recorded on the night in
question. For this reason there are more altitude
than magnitude estimates in the case of the
Lyrids. Owing to a lack of data, the n Aquarids
were not used at all for the derivation of the
altitude distribution. The 6 Aquarids appear
simultaneously with the earlier Perseids; due to
this coverage the results for sporadic meteors
from the Aquarid period (denoted by asterisks) are
not included in the sums given in the last line of
the table.

An analysis of the errors committed in visual
meteor observations will be published elsewhere.
Nevertheless it appears reasonable to report here
briefly on the main results as regards the accuracy
of the magnitude and altitude estimates which
will be used for investigating the magnitude
distribution.

(I) The magnitude estimates: For naked-eye
observations the probable error near the centre of
the field of view is 4-0.4™. It slowly increases with
the distance from the centre (transition to perip-
heral vision), so that the mean probable error in
an unlimited field of view is 40.5™ to -4-0.6™.
The errors also increase with increasing angular
velocity; this is inferred from the telescopic
observations where the probable random error
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amounts to +0.7®. Systematic differences among
the estimates of individual observers are moderate,
generally 4-0.2™ to 4-0.3™ for naked-eye observat-
ions and +0.4™ to £0.5™ for telescopic observat-
ions.

(II) The altitude estimates: For naked-eye
observations, the probable error near the centre of
the field of view is +4°to --5°. It slowly increases
with the distance from the centre, so that the mean
probable error in an unlimited field of view is
about -7° Systematic differences among the
estimates of individual observers are less than the
random errors, about -4°. Both the greatest
random and systematic differences occur at the
altitudes of 50° to 70°, i.e. in the region where
a considerable range of azimuths is under observat-
ion, but the zenith distance is still too great to
allow a good direct estimate.

The size of the errors indicates that the visual
magnitude and altitude estimates are suitable for
a dependable derivation of the magnitude function,
provided that the data are extensive enough
within an interval of several magnitudes and that
the selection effects are properly accounted for.

3. Relation between apparent magnitude distribut-
ion and magnitude function

For the conversion of the apparent magnitude
distribution into the magnitude function (2)
a knowledge of the coefficients of perception for
individual magnitudes is necessary. These coeffici-
ents are proportional to the inverse values of the
probability that an observer will witness a meteor
of a given apparent magnitude appearing in
a random position on the visible hemisphere. An
equivalent, and perhaps more instructive, way is
to determine the sizes of the effective fields of view.
These are defined, separately for each magnitude,
as limited circular regions in which the actual
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frequency of meteors is equal to the observed
frequency in an unlimited field of view.

This procedure obviously requires that the
positions of individual meteors be distributed over
the visible hemisphere entirely at random or, in
particular, that the rate of appearance of meteors
be independent of the altitude. Levin (1956) has
demonstrated that this is not the case. However,
with a team of naked-eye observers watching
different directions and covering a wide altitude
range this assumption may be safely adopted as
a feasible approximation; it holds good, first of
all, for brighter meteors.

All methods for determining the coefficients of
perception are based on the laws of probability,
successfully applied to this problem for the first
time by Opik (1922) in his method of double
counts. Later, similar procedures were applied by
a number of authors to group observations of
meteors, often without ensuring that the necessary
conditions for the application of probability laws
are fulfilled. For a dependable determination of the
coefficients of perception it is necessary that
either the directions watched by individual
observers are distributed at random (which is
practically impossible without changing the direct-
ions permanently in a complex way) or that they
are identical at any time. This requirement is not
met in the group observations commonly arranged,
nor in our basic series of observations. To overcome
this difficulty, a special observing program
differing from the current practice was organized
at the Skalnaté Pleso . Observatory in the autumn
of 1958.

A group of six observers (M. Antal, A. Antalov3,
L. Kresdk, M. Kresdkova, L. Pajdusdkovd and
J. Stohl) viewed in the same, precisely specified
direction; strict simultaneity and independence of
observation was ensured. For each meteor the
exact time of appearance, position and direction
were recorded for the sake of an unambiguous
identification; in addition the magnitudes (to 0.5™),
altitudes (to 5°) and angular distances from the
centre of the field of view (to 5°) were independently
estimated. The presence of two observers active in
the main group since 1944 and 1946, respectively,
and the determination of the relative personal
factors of the others ensured that this team was
comparable to that working in 1944—1955. A total
number of 1351 observations recorded by the
team were subsequently found to refer to 476
individual meteors. The coefficients of perception
for different magnitudes were deduced as follows:

Let P denote the probability that an observer
will record a meteor of certain characteristics
which appears in the sky during the simultaneous
watch. If we have a team of Gf observers, observing
simultaneously under equal conditions and having
uniform personal factors, the probability P, that
a meteor will be recorded just by g observers is
given by the relation

(3)

For the computation of the probabilities it is
convenient to start from the average number of
observers who have recorded a meteor (obviously,
this need not be an integer). Denoting by n the
number of individual meteors in question and by
2n the total number of records (i.e. a sum of meteors
multiplied by the number of observers who saw
them) we have:
Zn PG
I= % TI1I—a—p¢" )

P, = (%) P (1— Pyo-,

2n, n and G being known from the observation, P
may be found as an a posteriori probability, e.g
using the auxiliary tables of Kviz (1958).

The probability P depends upon various
characteristics of the meteor, such as the brightness,
angular distance from the centre of the field of
view, direction, angular velocity, angular length,
duration and train intensity. In the first approx-
imation it is sufficient to consider the first two
factors mentioned, i.e. the apparent visual magni-
tude M and the angular distance from the centre
of the field of view D. These evidently surpass all
other effects as regards their influence on the
visibility conditions. Considering merely these
two parameters, we obtain a two-dimensional
display of the data, in which the a posteriori
probability P(M, D) may be determined for each
point from the observed ratios Xn/n using for-
mula (4).

The results of the observations referred to
above, with ¢ = 6, are presented in Table II.
The estimates of the individual observers have
been averaged and rounded off to obtain M and D;
for this reason the probable error of these quantit-
ies, and hence also of the position in the plot M
vs. D, is proportional to g—3. The values of ¢
were converted to P(M, D) using formula (4)
weighted according ;to the number of observat-
ions, and the relations between P(D) and D for
individual values of M were constructed. Further
adjustments were made by smoothing the relations
between P(M) and M for individual values of D.
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Table I1

Observed values %

N\ M
RN 1 (15| 2 (25| 3 (35| 4 |45] 5 |55
D \
o 6 2 |1
- T 2T
5 6 1215|5133
’ 1 243|132
0 5| 6 |44 (33|39 |29 9
Tl 1|10l 812|876
15 12 12 131610 2
2 25| 9|86 (8|1
% 11|10 23|35(29|20]| 8
- 22|66 |10|16|13]| 8§
25 6| 6|21 |45 23|47 |29 7
- 1| 1| 4126 |20|16]| 5
30 6 | 15|25 |35 64|42 (36| 6 | 3 | 1
) 113|535 |7 |19|13]16| 3|31
35 6 120 (59(25(20 |28 7|1
’ 1 (4 |13|6 (12|15 5 |1
0 20 | 40 | 25 | 32 | 30 | 10
4 | 9| 712|138
5 6|1 (22/17]|14| 6|3
2| 1|10 9|5 |62
50 3| 2| 4|4 7
1|1 |44 5
55 4| 3|7 2
1|13 1
60 5 L I
1 1|3
N

By successive approximations the most suitable
empirical relation between P(M, D), M and D,
shown in Figure 1, was found.

It is seen from the figure that almost all 1st
magnitude meteors are witnessed up to a distance
of 45° from the centre of the field of view, and
many others even at greater distances. On the
other hand, even in the field’s centre one fifth of
the 3™ magnitude meteors and one half of the 4t
magnitude meteors escape unnoticed. The 5th
magnitude meteors are witnessed only occasionally:
one of five in the field’s centre and none beyond
D = 30°.

The relative probabilities P(M) for individual
magnitudes may be found by integration of
P(M, D) over the whole visible hemisphere. For an
observer viewing the zenith and having his
horizon perfectly uncovered we should have
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/2
P(M) = fP(M, D) sin D dD. (5)
0

For the observations at Skalnaté Pleso, to which
our results are to be applied, the geometrical
conditions are not so simple. The centre of the
field of view of each observer is at the altitude
H, = 45°, and the line of the true horizon passes,
on the average, through the altitude H, = 10°.
A circle centered at H, does not lie completely
above the true horizon unless D < 35°; for
D = 35° that part of the circle which is unshielded
will be denoted by wu(D). Denoting by 2w the
angle formed by the directions to the two points,
where a circle of radius D centered at H, intersects
the circle of radius (90° — H,) centered at the
zenith, we have, according to the cosine formula,
sin H, = sin H, cos D/—{/— cos H, sin D cos w,. (6)
Inserting H, = 45° and H » = 10° we obtain for

the angle w the following relation:
cos w = 0.2456 cosec D — cot, D. (7)
Thus in our specific case the simple formula (5)

has to be replaced by

P(M) = fP(M, D) y(D) sin D dD, (8)

V]

where v
D) =1 for 0° <D< 35°,
p(D) = i"ﬂ— for 35° <D < 125°,
pD) =0 for125° <D < 180°.

The course of the integrands P(M, D) (D) sin D
for individual magnitudes M is graphically
represented in Figure 2. The probabilities P(M),
which are proportional to the areas delimited by
the curves and the horizontal axis, may be readily
found by numerical integration. They are given in
Table IIT together with the corresponding radii of
the effective field of view D, (M) computed using
the formula

D, (M) = cos~* [1 — P(M)]. (9)

Obviously, these figures are reliable enough
only within the magnitude range where both the
total number of observed meteors and the number
of multiple observations is high enough, i.e.
between about M = 1.5 and M = 3.5. An extra-
polation into the range of fireballs on one end and
into the range of very faint naked-eye meteors on
the other end requires a determination of P(M) by
different methods.
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Table III

M P(M) | D,(M)
1.0 0.420 54.5
1.5 0.387 52.2
2.0 0.343 48.9
2.5 0.290 4.8
0 0.232 39.8
3.5 0.170 33.9
4.0 0.111 27.2
4.5 0.055 19.1
5.0 0.013 9.2 i

4. Extrapolation of P(M) into range of brighter
and fainter meteors

For an extrapolation of the relation between
P(M) and M additional assumptions are necessary.
In agreement with the observing evidence as to
the validity of formula (2) in a wide magnitude
range of sporadic meteors (e.g. Millman and
Burland 1956) we shall assume that the value
of x best suited to the observed magnitude
distribution within the range 1.5 < M < 3.5
holds good also for brighter and fainter meteors.
In this case we may extend the basic data from
the 1351 observations of the special programme to
the total of 21996 sporadic meteor observations
obtained in 1944—1955.

In order to find the best value of x it must be
remembered that:

(a) Extraordinarily bright fireballs, from about
M = —T7upward, illuminate the sky so intensively
that they cannot escape observations, irrespectively
of their position in the sky. In this case P(M) = 1.

(b) For meteors of 221 and 3 magnitude the
results of Table III hold with considerable
accuracy.

(c) For the faintest naked-eye meteors, mostly
witnessed by one observer only, the figures of
Table III are very likely somewhat overestimated.
The reason is that some of the multiple observat-
ions may be due to atypical meteors (anomalous
trains and angular lengths) and to positive errors
in magnitude estimates.

Assuming a constant » we may express the
a posteriori probability P(M) as the ratio of the
observed number of meteors V(M ), of magnitude M
to the computed number N(M),, which is pre-
dicted by the distribution law (2), i.e.

N(M),
P = 3

The two unknowns on the right-hand side, ¢ and #,
must be adjusted so as to yield a series of P(M)

= cN(M), »~™. (10)
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values which suits best the three conditions
given above. We obtain, as the best solution,

¢ = 850,
x = 3.4.

Substituting other pairs of ¢ and x, it may be

- checked that a good agreement becomes impossible

if » differs from 3.4 by more than 4-0.2.

Table IV
M | logN(M), | logN(M), | P(M) | D,(M)

—8 0.477 —1.322
—17 0.602 —0.790
—6 —o0 —0.259
—5 0.845 0.273

—4 0.778 0.804 0.94 86.6

—3 1.301 1.336 0.92 85.4

—2 1.763 1.867 0.79 77.9

—1 2.182 2.399 0.61 67.0

0 2.568 2.930 0.435 55.6

1 3.008 3.461 0.352 49.6

2 3.523 3.993 0.339 48.6

3 3.857 4.524 0.215 38.3

4 3.835 5.056 0.060 20.0

5 3.464 5.587 0.0075 7.0

6 1.929 6.119 0.00006 0.6

The resulting values of P(M) and D, (M) for
% = 3.4 are shown in the last two columns of
Table IV. In Figure 3 these values of P(M) are
graphically represented by open circles, full
circles indicating the values taken from Table III.
Obviously, the two sets of probabilities are not
entirely independent. They are, indeed, based on
different series of observations and obtained by
different procedures, but the former set is bound
to the assumption » = 3.4 which partially rests
on the best P(M) values of the latter set. Consider-
ing the relative reliability of the two determinat-
ions in different magnitude ranges, a smooth
relation between P(M) and M was drawn in
Figure 3.

The curve shows some discontinuity near M = 0
which at first glance appears unfounded. However,
thereis areasonable argument for believing that this
change of the slope is genuine. A steeper increase
of P(M) begins at the point |[where the radius of
the effective field of view, D, (M), is about 60° and
most of the meteors are perceived by the perip-
heral vision. If the attention of the observer is
attracted by a flash of light at a considerable
distance from the centre of his field, a moment is
needed to change the direction of view and see the
meteor, or at least the luminous train left by it.
It is quite reasonable to assume that just near the
apparent magnitudes of 0 to —1™ the mean
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duration of the radiation and the mean initial
brightness of the trains becomes sufficient to
permit this type of observation frequently, which
is generally impossible in the case of fainter
meteors.

Table V
N(M),
M | POD) | D) | NOD),| NI, | 0—C | T
8 | 1.00 90°0 3 0o | +3
7 | 1.00 90°0 4 0 | +4 }47
—6 | 1.00 90°0 0 1] | (®
5 | 0098 88°9 7 2 | +5
—4 | 095 87°1 6 6 0| 1.00
—3 | 087 82°5 20 18 | 42| 111
—2 | 073 74°3 58 50 | +8]| 116
—1 | 057 64°5 | 152 | 134 | +18 | 113
0 | 048 58°7 | 370 | 383 | —13 | 0.97
1 | 0420 | 54°5 | 1019 | 1140 |—121 | 0.89
2 | 0343 | 48°9 | 3337 | 3165 |+172 | 1.05
3 | 0232 | 39°8 | 7187 | 7281 | —94 | 1.01
4 | 0064 | 20°6 | 6837 | 6828 | +9| 1.00
5 | 0.008 702 | 2011 | 2002 | +9| 1.00
6 | 000007 0°7 85 86 | —1| 099

The numerical results are shown in Table V
where, in addition to the definitive values adopted
for P(M) and D,(M), a comparison of the observed
meteor numbers N (M), with the expected numbers
P(M)N(M), is presented. The residuals O —C
are moderate; the ratio of the observed to the
computed number of meteors differs but little
from one, except an excess for the brightest
fireballs (M < —5). Nevertheless, this excess
cannot be visualized as an indication that a genuine
decrease of % occurs in this magnitude range. As
a matter of fact, two thirds of the excess fall to
two extremely bright fireballs,
one of —8™ magnitude recorded
on April 17, 1947, by a team
of 3 observers and the other of
—T7"  magnitude recorded on
August 12, 1946, by a.team of 4
observers.

It is of interest to compare
our probabilities P(M) (which are
the inverse values of the coeffici-
ents of perception) with those pu-
blished previously by other aut-
hors. Such a comparison is shown
in Table VI. In those cases where
only proportional values of P(M)
were given [Opik 1923: P(M)/P(2);
Hoffmeister 1954: P(M)/P(0)]

P(M)

Table VI
Probabilities P(M)

)

¢ |2 |® &
M ~ gz |52 €l 82| =1 2
2R |32 | 2B | €3 | g% | 88 2
2.5 =) ) o o B> > o 2
O |[MZT |oZ | HZ | <2 | MZ =
—6 . . . . . . 1.00
—5 . . . . . . 0.98
—4 . . . . . . 0.95
—3 . . . . . . 0.87
—2 . . . . . . 0.73
—1 . . . 0.65 0.59 0.57
0 0.466 | 0.538 | (0.40) 0.54 0.51 0.48

1 . 0.381 | 0.294 | (0.38) 0.44 0.46 0.420

2 1(0.30) | 0.268|0.225 | (0.312) | 0.33 | 0.36 | 0.343

3 [(0.27) | 0.166 | 0.175 | (0.204) | 0.23 | 0.20 | 0.232

4 | (0.15) |0.101]0.112 | (0.100) | 0.093| 0.07 | 0.064

5 |(0.025) | 0.055 | 0.085 | (0.020) | 0.034| 0.03 0.008

6 . . . (0.004) | 0.015| 0.01 | 0.00007

being given in parentheses. It is seen that indivi-
dual sets of P(M) are fairly consistent for the
brightest naked-eye meteors; however the agree-
ment becomes worse towards fainter meteors, the
discrepancies attaining as much as an order of
magnitude at M = 5. Our values are the lowest
ones of all for M = 4. We assume that the pro-
babilities have been overestimated by most
authors in this magnitude range, as it also follows
from the work of Millman (1957). An alternative
explanation would require a substantial .decrease
of » for sporadic meteors near M = 5, but this
possibility can be neither confirmed nor disproved
on the basis of naked-eye observations alone.
In general, little weight may be attributed to the
statistical results in this magnitude range where

rough scaling factors of 0.3 and 0.4
were applied, the respective figures

Figure 3
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the counts are, at any rate, highly incomplete
and sensitive to moderate variations of observing
conditions.

Adopting the probabilities P(M) given in the
last column of Table VI the expected magnitude
distributions of meteors recorded by one observer
may be computed from

N(M) = & P(M)x™.

The multiplication factor k£ may be chosen so as to
yield XN(M) = 100; in this case we obtain the
expected percentages of meteors of individual
magnitudes. These are given in Table VII and
Figure 4 for » = 2,5, 3.0, 3.5, and 4.0.

Table VIII gives the averages, medians and
values of maximum occurrence of the magnitudes
interpolated to tenths of ». It may be conveniently

(11)

Table VIII
% M M ea M e
2.50 2.66 2.9 3.2
2.60 2.75 3.0 3.2
2.70 2.84 3.0 3.2
2.80 2.91 3.1 3.3
2.90 2.98 3.1 3.3
3.00 3.04 3.2 3.3
3.10 3.09 3.2 3.4
3.20 3.15 3.3 3.4
3.30 3.20 3.3 3.4
3.40 3.24 3.3 3.4
3.50 3.29 3.4 3.5
3.60 3.33 3.4 3.5
3.70 3.37 3.5 3.5
3.80 3.40 3.5 3.5
3.90 3.44 3.5 3.6
4.00 3.47 3.6 3.6

used for finding » of a sample of meteors (e.g.

ble VII . .
" T&dle a meteor shower) provided that the observing
wpected percentages conditions are uniform with the series of observa-
o 05 " a0 5 40 tions f:rom which the probabilities have b(?en
determined, and that the data are extensive
s 0.01 0.00 0.00 0.00 enough to suppress random sampling errors.
—7 0.01 0.00 0.00 0.00
—6 0.04 0.01 0.00 0.00
—5 0.09 0.02 0.01 0.00 5. Magnitude function derived from statistics of
—4 0.22 0.06 0.02 0.01 itud
—3 0.50 0.17 0.07 0.03 magnitudes
—2 1.06 0.44 0.20 0.10
—1 2.07 1.02 0.54 0.30 : : _
0 +95 258 Lss Lol ‘The aim of thfa present Wf)rk is no.t only to deter
1 9.51 6.78 4.85 3.53 mine the magnitude function in different meteor
2 19.42 16.60 13.87 11.54 iati
3 3984 33.60 3985 3123 sh?Wers bl'lt also to search for any variations of
4 22.65 27.88 31.71 34.45 this function along the path traversed by the
5 7.08 10.46 13.87 17.22 s Jiv g
6 015 0.27 0.43 0.60 eart';h thx:ough .the stream. For individual obser
vations including, on the average, about 100
NM)
35 /4
y/
30
n
40
25
35
20 30
15 — 2.5
10
5
o T T T T T T T I M
-3 -2 -1 o 1 2 3 4 5 6
Figure 4
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magnitude estimates of shower meteors and about
100 magnitude estimates of sporadic meteors, the
ratio » may be found from the average magnitudes
using Table VIII. Obviously, the averages will
essentially depend upon the atmospheric condi-
tions, in particular upon the limiting stellar
magnitude. As it has already been mentioned, the
atmospheric conditions of Skalnaté Pleso are
usually perfect, and those cases where interference
by moonlight, twilight or cloudiness could be
inferred were intentionally discarded. Nevertheless,
minor variations are unavoidable even in the
remainder; apart from the observing conditions
they may also be due to the personal changes in
the team of observers. They may unfavourably
affect the determination of M, and M_ but the
difference M, —M_, characteristic for the differ-
ence between the magnitude distributions within
the shower and its sporadic background, will be
practically free from this effect.

Table IX lists all observations arranged accord-
ing to the showers and solar longitudes. For each
of them the solar longitude ©, the date, the time
of beginning 7', and end 7', of the observation
in M.E.T., the total number of shower N, and
sporadic N_ meteors (each meteor multiplied by
the number of observers who saw it), and the
average magnitudes M, and M_ are given.

The relation between » and M, as presented in
Table VIII, assumes that » is independent of
magnitude. Although this may be adopted without
great precautions for sporadic meteors, in meteor
showers the situation may be different. The value
of x; found from Table VIII with M, as the
argument is rather a mean value within the
magnitude interval covered by naked-eye observa-
tions. It was mentioned in the introduction that
many observations suggest a decrease of x with
increasing M in some of the meteor showers. To
reveal this effect a knowledge of the whole magni-
tude distribution—not only of M,—is necessary.
This is given in Table X for the shower meteors
and in Table XI for the sporadic meteors from
the same periods. In the latter table the data
for 6 Aquarids are omitted, because the period of

their activity coincides with that of the early
Perseids.

The values of M,, x,, M_ and x_ obtained
from Tables VIII, X and XTI are given in Table XII;
the comparison of the observed magnitude distribu-
tions with those predicted for an invariable » is
shown in Figure 5. The left-hand side of the figure
refers to the shower meteors, the right-hand side

to their sporadic background, the numbers of
meteors included in each sample being also
indicated. No striking departure of the observed
distribution from that computed is apparent. The
question whether » is independent of M in indivi-
dual showers will be considered in section 9; at this
point the following rough conclusions may be
drawn:

(1) The magnitude function of sporadic meteors
observed during the periods of activity of different
showers is always practically the same. The
observed variations of »_ (within +-59%, for all seven
cases and within 419, for the three periods
where the data are most extensive) may be
attributed to random errors of sampling.

(2) As the mean geocentric velocity of sporadic
meteors undergoes essential seasonal variations,
it may be concluded from (1) that the ratio x_
is independent of the geocentric velocity, at least
within the limits set by the accuracy of this
method.

(3) The ratio x» is systematically lower for
shower meteors than for sporadic meteors.

(4) The dispersion of the values of ». is about
twice as great as that of »_. This suggests genuine
differences among individual showers which,
however, are less than those between sporadic and
shower meteors.

(5) As among sporadic meteors, in meteor
showers no correlation between » and the geo-
centric velocity, or type of orbit, is established.
It is just the n Aquarids and Orionids, assoc-
iated with the same comet and differing wery
little in geocentric velocity, that differ most

-significantly from one another as regards the

ratio .

(6) The relatively stable value of »_ throughout
the year, compared with a much smaller », in
permanent meteor showers, indicates that the
contribution of minor showers with x similar to
that of the permanent major showers is either
relatively small, or relatively invariable. It must
be remembered, however, that our analysis does
not refer to the whole range of solar longitudes but
only to shorter intervals, including on the whole
about 100°.

6. Relation between apparent altitude distribution
and magnitude function

The magnitude function may be derived even
without direct magnitude estimates, using the
observed distribution of meteors in altitude. In
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Table IX

Lyrids No.| © Date T, T, |N,|N_|M, | M_
No. o Date T, T, |N.|\N_| M, | M_
38 | 131.71 | 51.8. 4 (23 :20[00 : 02| 5 | 41 | 3.00 | 3.22
39 | 132.02 | 46.8. 4 (23 :17/02 : 30| 23 |214 | 3.52 | 3.09
1| 2556 | 45.4.15 |20 : 4322 : 13 2| 22 | 1.50 | 3.18 40 | 132.98 | 46.8. 5 (23 : 0202 : 39 1 [264 | 5.00 | 3.50
3 927.10 | 47.4.17 |21 : 1501 : 18 15 | 91 | 3.67 | 3.12 42 | 133.68 | 51.8. 6 |23 : 6002 :30, 5| 36 | 1.80 | 3.36
4! 2902 | 47.4.19 |22 : 0122 :37 1| 18 | 3.00 | 2.89 43 | 184.27 | 44.8. 6 (20:38/21 : 38| 1| 11 [3.00] 2.55
6 | 30.09 | 47.4.20 |22 : 33002 : 52| 26 |104 | 2.77 | 3.28 45 | 134.62 | 51.8. 7 122:06/02 : 30 2| 75 | 1.00 | 3.40
9 | 31.24 | 46.4.21 (21 : 1000 : 271282 160 | 3.18 | 3.39 48 | 135.83 | 46.8. 8 |21 : 3602 : 51 6 |288 | 3.00 | 3.53
10 | 31.95 | 47.4.22 (21 : 2923 : 29| 21 | 30 | 1.95 | 3.67
11 | 32.24 | 46.4.22 |23 :24[23 : 44| 17 | 5 | 4.00 | 4.00
12 | 32.71 | 52.4.22 |23 : 1200 : 42| 10 | 25 | 3.70 | 2.76 Perseids
13 | 33.83 | 51.4.24 120 :35(21 : 51| 1| 12 |4.00| 3.67
14 | 35.08 | 46.4.25 (21 : 0821 : 45| 3 | 21 | 3.00 | 2.81 i
15 | 36.06 | 46.4.26 (21 : 0422 : 06] 2 | 38 | 2.50 | 3.79 1|117.58 | 46.7.20 |21 : 36/23 : 10, 8 | 60 | 2.00 | 3.42
| 2 | 118.61 | 46.7.21 (23 : 3801 : 10, 2 | 15 |-1.00]| 2.67
3 1 121.30 | 47.7.24 |01 : 2402 : 24 2 | 55 | 2.00 | 3.36
n Aquarids 4 |121.45 | 46.7.24 |21 :18/02 : 02| 30 [156 | 1.80 | 2.95
5 | 122.21 | 47.7.25 |23 : 14002 : 33| 18 (198 | 2.17 | 3.23
| 00| 46450 o1 ootz o 4 |1 | ns0 | nas| | 8| 12242] 46T 25 L s00z 1o ds bua | 208 327
2 | 40.58 | 52.4.30 |01 : 3502 : 50| 6 | 35 | 2.33 | 3.37 8 112337 | 46.7. 26 121 : 42102 - 00| 42 1215 | 2.36 | 3.16
3| 41.04 | 46.5. 1 (00:16/01 :17 4|13 |1.25|2.92 9 112342 | 50.7.26 |01 - 16/02 : 05 8 | 38 | 1.00 | 3.03
4| 42.03|46.5. 2(00:1302:31] 1|53 )4.00]3.13 10 | 123.56 | 45.7.26 |21 : 25123 . 021 2 | 15 | 0.00 | 2.33
5| 43.02 | 46.5. 3 |01 : 03/02 : 45| 32 | 64 | 2.03 | 3.38 11 | 123.86 | 44. 7. 26 |22 : 4500 : 45| 14 |101 | 2.07 | 3.10
6 | 43.26 | 49.5. 3 (01 : 4002 : 44 8 | 20 | 2.50 | 3.00 : - ; : ’ )
7| 4398 | 46.5. 4 100 . 3202 . 34 8|67 |35 303 12 | 124.13 | 47.7.27 |00 : 0502 : 06 17 111 | 1.35 | 3.28
8| 4519 | 49,5 5 (01.3202 .30 2| 9 |400|3ds 13 | 124.33 | 46.7.27 |21 : 2502 : 23| 73 293 | 1.90 | 3.21
o| 1501|465 6100, 5005 . 20 123300501 14 | 124.49 | 45.7.27 |21 : 2222 :10, 3 | 39 | 0.00 | 2.15
- -0 : ' : . . 15 | 124.78 | 48.7.27 |21 : 3001 : 30| 26 [131 | 2.27 | 3.01
16 | 124.81 | 52.7.27 |28 : 1502 : 15| 9 1219 | 2.67 | 3.48
. 17 1125.08 | 47.7. 28 |23 : 16/02 : 21| 17 [273 | 1.88 | 2.92
6 Aquarids 18 | 125.30 | 46.7.28 |21 : 5802 : 28| 85 290 | 2.20 | 3.34
19 | 125.76 | 48.7.28 (22 : 25}01 : 46 27 233 | 2.74 | 2.77
1 |118.61 | 46.7.21 (28 : 38'01 100 1] 15 |3.00] 2.67 20 | 125.77 | 52.7.28 {00 : 10{01 100 6 | 27 | 2.00 | 4.26
2 | 121.45 | 46.7.24 (21 : 1802 : 02| 9 |156 | 3.22 | 2.95 21 | 125.99 | 51.7.29 (22 : 2002 : 00| 6 (126 | 2.00 | 2.87
3 |122.21 | 47.7.25 |23 : 1402 : 33 5 [198 | 3.20 | 3.23 22 |126.01 | 51.7.29 |00 : 0001 : 30, 5 | 35 3.20 | 3.77
4 | 122.42 | 46.7.25 121 : 30,02 : 15| 20 |262 | 2.60 | 3.27 23 | 126.42 | 45.7.29 |21 : 0823 : 38/ 7 |110 | 2.29 | 3.20
5 |122.45 | 50.7.25 00 : 15/02 : 00 10 (159 | 2.10 | 2.98 24 | 126.67 | 48.7.29 |21 : 5423 : 54| 25 | 59 | 2.72 | 3.41
6 | 122.67 | 49.7.25 (23 : 0502 : 00| 15 | 75 | 2.80 | 3.20 25 | 127.28 | 46.7. 30 |21 : 30’02 : 17]124 (398 | 2.52 | 3.12
7 1122.85 | 44.7.25 (22 : 1922 : 42| 1 6 | 4.00 | 3.67 26 | 127.66 | 48.7.30 |21 : 53,01 : 30| 47 |184 | 2.98 | 3.14
8 | 123.37 | 46. 7. 26 |21 : 42/02 : 00| 17 [215 | 3.00 | 3.16 27 | 127.88 | 51.7.31 |22 : 55/00 : 30 6 | 36 | 2.83 | 3.39
9 |123.42 | 50.7.26 |01 : 16/02 : 05| 1 | 38 | 2.00 | 3.03 28 | 127.91 | 51.7.31 |22 : 26,02 : 20] 23 (166 | 1.96 | 3.09
10 | 123.55 | 45.7.26 |21 : 25/123 : 02| 8| 15 | 2.50 | 2.33 29 | 128.14 | 46. 7. 31 |21 : 5901 : 25| 80 252 | 2.98 | 3.10
11 | 123.62 | 49.7.26 |22 : 4902 : 02 16 143 | 3.81 | 3.31 30 | 128.63 | 52.7.31 |23 : 3201 : 33| 26 (120 | 2.62 | 3.37
12 | 123.86 | 44. 7. 26 |22 : 45/00 : 45 20 |101 | 3.00 | 3.10 31 | 128.87 | 51.8. 1 |22 :25/02 : 20, 39 |242 | 2.03 | 3.01
13 | 124.18 | 47.7.27 (00 : 05/02 : 06| 12 {111 | 2.67 | 3.28 32 | 128.89 | 51.8. 1 (23 :5502:00 22 | 57 | 3.55 | 3.39
14 | 124.33 | 46. 7. 27 |21 : 2502 : 23| 7 293 | 3.86 | 8.21 33 | 129.56 | 48.8. 1 122 :14/00 : 50/ 39 | 99 | 2.87 | 3.44
15 | 124.49 | 45.7.27 |21 : 2222 : 10| 2 | 39 | 3.00 | 2.15 34 | 129.78 | 51.8. 2 |22 :3523 : 50 6 | 28 | 1.83 | 3.11
16 | 124.61 | 49.7.27 {00 : 37102 : 00| 3 | 30 { 3.67 | 3.17 35 | 130.06 | 46.8. 2 |21 : 3801 : 401136 206 | 1.95 | 3.15
17 | 124.78 | 48.7.27 |21 : 30/01 : 30| 11 [131 | 2.82 | 3.01 36 | 130.27 | 49.8. 2 |22 : 2300 : 23| 53 1131 | 2.66 | 2.98
18 | 124.81 | 52.7.27 |23 : 15/02 : 15| 22 [219 | 2.77 | 3.48 37 | 130.55 | 48.8. 2 |21 : 45/02 : 30| 69 |188 | 2.49 | 3.07
19 | 125.08 | 47.7.28 (23 : 16,02 : 21| 52 273 | 2.60 | 2.92 38 | 131.10 | 46.8. 3 |00 : 10,01 : 15/ 48 | 72 | 3.10 | 3.57
20 | 125.30 | 46.7.28 |21 : 5802 : 28| 89 |290 | 2.83 | 3.34 39 | 131.22 | 49.8. 3 |22 : 1300 : 13) 29 | 66 | 2.55 | 3.30
21 | 125.76 | 48.7.28 (22 : 25(01 : 46| 17 [233 | 3.00 | 2.77 40 | 131.44 | 48.8. 3 |22 : 0023 : 00, 9 | 15 | 2.11 | 3.20
22 | 125.99 | 51.7.29 |22 : 20/02 : 00| 12 |126 | 2.67 | 2.87 41 |131.63 ) 51.8. 4 122:3523:25 2| 8 |-1.00| 2.38
23 | 126.42 | 45.7.29 (21 : 0823 : 08| 13 (110 | 2.00 | 3.20 42 | 131.71 | 51.8. 4 |23 : 20,00 : 02 21 | 41 | 1.29 | 3.22
24 | 126.67 | 48.7.29 (21 : 5423 : 54| 22 | 59 | 2.64 | 3.41 43 | 132.02 | 46.8. 4 123 : 1702 : 30141 214 | 2.64 | 3.09
25 | 127.28 | 46.7.30 |21 : 3002 : 17) 31 | 398 2.71 | 3.12 44 | 132.98 | 46.8. 5 |23 : 0202 : 39169 |264 | 2.78 | 3.50
26 | 127.66 | 48.7.30 (21 : 53/01 : 30| 17 |184 | 2.35 | 3.14 45 | 133.94 | 49.8. 5 |00 : 48002 : 48] 89 (109 | 2.27 | 3.04
27 | 127.88 | 51.7.81 |22 : 5500 : 30| 4 | 36 | 3.50 | 3.39 46 | 133.67 | 51.8. 6 [22 : 54/02 : 41| 50 (238 | 2.80 | 2.99
28 | 127.91 | 51.7.31 |22 : 26/02 : 20| 5 (166 | 2.40 | 3.09 47 | 133.68 | 51.8. 6 23 : 5002 : 30, 32 | 36 | 3.16 | 3.36
29 | 128.14 | 46.7. 31 |21 : 59|01 : 25| 21 [252 | 3.38 | 3.10 48 | 134.18 | 45.8. 6 |23 : 28/02 : 39123 (135 | 2.19 | 3.26
30 | 128.87 | 51.8. 1 (22 :25/02 :20] 2 |242 | 3.00 | 3.01 49 | 134.27 | 44.8. 6 120 : 38221 : 38 2 | 11 | 3.50 | 2.55
31 | 129.78 | 51.8. 2 (22 :380/00:02 3| 63|3.00| 2.90 50 | 134.30 | 44.8. 6 |21 : 0022 : 40, 3 | 11 | 3.00 | 2.09
32 | 129.78 | 51.8. 2122 :38523:50] 1|28 |3.00]|3.11 51 | 134.37 | 48.8. 6 |21 : 2002 : 301167 |156 | 2.89 | 3.24
33 | 130.06 | 46.8. 2 |21 : 3801 : 40| 23 |206 | 2.87 | 3.15 52 | 134.62 | 51.8. 7 122 : 0602 : 30| 81 | 75 | 2.77 | 3.40
34 |130.27 | 49.8. 2 (22 :23/00 : 23 3 |131 | 4.33 | 2.98 53 | 134.64 | 51.8. 7 |00 : 01{02 : 45| 73 |255 | 2.85 | 3.31
35 | 130.55 | 48.8. 2 (21 : 45(02 : 30| 16 [188 | 2.88 | 3.07 54 | 134.66 | 47.8. 7 (00 : 2901 : 39| 13 | 26 | 2.23 | 2.96
36 | 131.22 | 49.8. 3 |22 :13/00:13 4 | 66 | 3.00| 3.30 55 | 134.90 | 46.8. 7 |22 : 46|02 : 47/328 (228 | 2.62 | 3.42
37 | 131.44 | 48.8. 3 |22:0023:00 3! 15| 3.00| 3.20 56 | 135.10 | 45.8. 7 |21 : 27|01 : 59/106 {189 | 2.55 | 3.15
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Continuation Table IX

No.| © Date T, | T, |N,|N_|M,| M. No.| © Date T, | T, |N,N_| M, |
57 | 135.30 | 44. 21 : 1000 : 10| 12| 16 | 2.58 | 3.00 129 | 145.18 | 47.8.18 (23 : 19|00 : 49 49 | 2.14 | 3.31
58 | 135.83 | 46. 21 : 36/02 : 51| 302288 | 2.94 | 3.53 130 | 145.34 | 46. 8. 18 |21 : 2722 : 27 24 | 3.20 | 3.42
59 | 136.02 | 53. 21 : 1402 : 44| 275266 | 2.61 | 3.53 131 | 145.73 | 45.8. 18 |00 : 22002 : 50| 11 (125 | 2.73 | 2.98
60 | 136.06 | 45. 29 : 15/01 : 35| 101135 | 3.12 | 3.37 132 | 145.83 | 44. 8. 18 {20 : 38|23 : 38 138 | 2.14 | 2.89
61 | 136.23 | 44. 21:3622:30 8 7|1.38]3.14 133 | 145.99 | 48.8.18 |01 : 5003 : 04 25 | 3.50 | 3.24
62 | 136.26 | 44. 21 : 10/00 : 40| 25| 38 | 1.40 | 3.13 134 | 146.29 | 46. 2.88

63 | 136.28 | 48.
64 | 136.50 | 51.
65 | 136.58 | 51.
66 | 136.70 | 46.
67 | 136.75 | 50.
68 | 137.02 | 53.
69 | 137.04 | 45.
70 | 137.17 | 44.
71 | 137.22 | 44.

140 | 3.00 | 3.36
113 | 2.76 | 3.40

82 | 1.71 | 3.23
126 | 1.33 | 3.24

21 : 2702 : 27| 159185 | 2.81 | 3.25 135 | 146.79 | 44.
22 : 3600 : 52| 16| 70 | 3.00 | 3.16 136 | 147.28 | 46.
: 3C)02 : 45 77| 61 | 3.22 | 4.16 137 | 147.75 | 44.
21 : 42[22 : 40| 9 22 | 2.67 | 2.73 138 | 148.73 | 44.
21 : 42|02 : 00| 116(130 | 2.68 | 3.04
23 : 2002 : 45| 124 52 | 2.52 | 3.35
22 : 13/02 : 48] 299|358 | 3.02 | 3.34 Orionids
20 : 35122 : 46| 52 43 | 2.10 | 3.26
21 : 16j00 : 20| 24 32 | 2.25 | 2.94

19 |20 : 2523 : 25
20 {21 : 0523 : 17| 2
20 120 : 50]22 : 50
21 |20 : 51123 : 31

% 00 90 90 0 90 90 P 00 0

7
5
1
7
4
19 |20 : 4822 : 25| 13 | 56 | 2.92
6
9
7
3

200.96 |47.10. 14 |03 : 40/04 : 40, 6 | 32 | 3.33 | 3.31

€D € O W W© W © O O 00 W O 00 0 W I
(=3
(=]

1
7.97 | 48. 1 4002 : 35| 1911185 | 2.52 | 3.
72113 48 22 : 4002 : 35| 191185 1 2.52 | 3.34 2 1201.09 | 50.10. 14|01 : 1002 : 10 7 | 21 | 3.00 | 3.14
73 | 13772 | 50. 8. 10 |21 : 2502 : 40| 228/193 | 3.00 | 3.35
T 3 | 201.64 | 44. 10. 14|01 : 36/04 : 08| 10 |142 | 3.00 | 2.82
74 | 137.74 | 46.8. 10 |21 : 11103 : 03| 318/171 | 2.53 | 3.43
: : 4 | 201.94 |47.10.15(03 : 2504 : 05 8 | 19 | 3.25 | 3.26
75 | 137.94 | 53.8. 10 |21 : 34/02 : 32| 180]117 | 2.29 | 3.47
5 | 202.13 | 50.10. 15 |02 : 3003 : 30| 14 | 13 | 2.86 |;2.31
76 | 137.95 | 53.8. 10 |21 : 3002 : 41| 612)309 | 2.87 | 3.61 :
6 | 202.52 | 44.10. 15 |21 : 2502 : 27| 19 109 | 2.74 | 3.29
77 | 138.04 | 45.8. 10 |00 : 18102 : 43| 247147 | 2.78 | 3.14
7 | 202.93 | 46. 10. 16 |18 : 33100 : 58 18 | 53 | 2.72 | 2.85
78 | 138.14 | 44.8.10 |21 : 1522 : 30| 18] 10 | 1.78 | 3.20
8 | 203.11 | 50. 10. 16 |02 : 00/03 : 00 15 | 21 | 2.60 | 3.00
79 | 138.16 | 48. 8. 10 |21 : 2000 : 10| 196133 | 2.82 | 3.15
9 | 203.37 | 45.10. 16 |00 : 2804 : 35| 72 182 | 2.99 | 3.45
80 | 138.16 | 44.8.10 |21 : 0523 : 44 209, 85 | 2.11 | 2.66
10 | 205.21 | 46.10. 18 |04 : 4005 : 10| 8 | 5 | 1.88 | 3.00
81 | 138.26 | 52.8.10 |00 : 56002 : 56| 40| 16 | 1.40 | 2.81
11 | 205.34 | 49.10. 18(02 : 00/03 : 00| 16 | 18 | 2.31 | 2.78
82 | 138.35 | 47.8. 11 (20 : 47122 : 00| 38 15 | 2.74 | 4.13
12 | 206.09 | 46.10. 19|23 : 22/04 : 52/109 [189 | 2.71 | 3.25
83 | 138.66 | 50.8. 11 |21 : 18l02 : 00| 339125 | 2.73 | 3.11
13 | 206.33 | 49.10. 19 |02 : 0003 : 00 23 | 21 | 3.09 | 3.52
84 | 138.70 | 46.8. 11 |21 + 14|03 : 08| 418103 | 2.00 | 3.20
14 | 206.42 | 45.10. 19|03 : 40[04 : 57 36 | 35 | 2.00 | 3.06
85 | 138.71 | 54.8.11 |00 : 5501 - 55| 98| 35 | 2.04 | 3.00
15 | 206.80 | 47. 10. 20|00 : 40/01 : 40 30 | 21 | 3.27 | 2.90
86 | 138.91 | 53.8. 11 |21 : 33(02 : 451281/228 | 2.92 | 3.46
16 | 207.08 | 46. 10. 20 |23 : 50104 : 30140 [167 | 2.95 | 3.25
87 | 138.95 | 45.8. 11 |23 : 0401 : 35| 248| 64 | 2.65 | 3.14
17 | 207.34 | 49. 10. 20|02 : 07/03 : 37 46 | 39 | 3.30 | 3.44
88 | 138.95 | 53.8. 11 |23 : 5102 : 37 246| 45 | 2.70 | 3.40
18 | 207.91 | 47.10. 21 |00 : 30(04 : 46/201 168 | 3.05 | 3.26
89 |139.13 | 44.8. 11 [20 : 5500 : 10| 117] 28 | 1.76 | 2.89
19 | 208.32 | 49. 10. 21 [02 : 0503 : 05| 18 | 35 | 3.28 | 3.14
90 | 139.16 | 44.8. 11 |21 : 5301 : 00| 600| 90 | 1.90 | 2.42
20 | 208.55 | 44. 10. 21|00 : 4502 : 45| 36 | 45 | 2.89 | 3.33
91 [139.17 | 52.8. 11 |22 : 2002 : 50| 461101 | 2.13 | 2.73
21 | 208.89 | 47.10. 2203 : 15/04 : 15 21 | 35 | 2.90 | 2.91
92 | 130.36 | 47.8.12 |21 : 52123 : 25| 169 48 |2.38 | 3.35
29 | 209.43 | 44.10. 22 |22 : 20123 : 25/ 10 | 15 | 1.80 | 3.40
93 | 139.39 | 51. : 4003 : 00| 356/ 73 | 2.77 | 3.37
23 | 209.78 | 47.10. 23 |00 : 26/01 : 26 24 | 20 | 3.13 | 3.21
04 | 139.41 | 51.8. 12 |22 : 1502 : 46| 695204 | 2.18 | 3.11
24 | 210.81 | 47.10.24 |01 : 27/02 : 27| 10 | 33 | 2.60 | 3.73
95 | 139.41 | 51.8. 12 |21 : 53002 : 48] 5631264 | 2.70 | 3.43
25 | 211.10 | 46, 10. 24 02 : 3203 : 32| 43 | 39 | 3.14 | 3.51
96 1139.63 | 50. 8. 12 |21 : 12002 : 20| 442]104 | 2.83 | 3.39
26 | 211.85 | 47.10. 25 |02 : 4303 : 23| 4 | 28 | 3.75 | 3.36
97 | 139.65 | 46.8. 12 |20 : 42(03 : 07| 404! 87 | 2.05 | 2.61
i 27 | 212.12 | 46. 10. 25 |02 : 4204 : 42| 58 (154 | 3.47 | 3.37
98 | 130.87 | 53.8.12 |21 : 3802 : 39| 656147 | 2.60 | 3.23 R vl B Ko i Il il gl B
99 1139.90 | 53.8. 12 |23 : 1702 : 33 197] 43 | 2.25 | 3.14 : - 10. : : 54 3.
100 | 139.94 1 45.8.12 00 : 2301 : 37 57 23 | 2.98 | 3.39
44

101 | 140.09
102 | 140.13 | 52.
103 | 140.14 | 44.
104 | 140.40 | 51.

12 |21 : 1000 : 20| 80| 30 | 2.16 | 2.60 Leonid
12 (22 : 2302 : 52| 528205 | 2.40 | 3.20 eonids
12 |20 : 28,03 : 151316246 | 2.53 | 3.20

13 123 : 4302 : 52| 423|126 | 2.39 | 3.48 1 [224.16 ({46.11. 6|04 : 08/05: 11| 4 | 39 |2.75| 3.36
105 | 140.40 | 51. 8. 13 |23 : 45|02 : 37 366|186 | 3.29 | 3.78 2 | 227.52 |48.11. 900 : 53/01 : 53] 5 | 31 | 2.00 | 3.13
106 | 140.40 | 51.8.13 |23 : 18|03 : 00| 160 59 | 3.14 | 3.44 3 | 228.63 | 48.11.10|03 : 45/04 : 15/ 1 7 13.00 | 3.14
107 | 140.59 | 50. 8. 13 |21 : 35|01 : 58 303154 | 2.66 | 2.87 4 | 230.53 144.11.1223 : 4901 : 49, 6 } 57 | 2.50 | 3.39
108 | 140.80 | 45.8.13 |21 : 0323 : 47| 140/150 | 2.84 | 3.50 5 1230.63 [48.11.12(03 : 1504 : 15| 8 | 22 | 3.00 | 3.27
109 | 140.83 | 53. 8. 13 (21 : 3502 : 46| 583252 | 3.04 | 3.60 6 | 231.17 |46.11.13 (03 : 1704 : 17; 11 | 11 | 2.09 | 3.09
110 | 141.09 | 52. 8. 13 |22 : 21|02 : 45| 258150 | 2.44 | 3.39 7 | 232.59 | 44.11.14 (00 : 3803 : 12| 24 |185 | 2.92 | 3.10
111 | 141.35 | 47. 8. 14 |21 : 49|02 : 50, 131|136 | 2.47 | 3.32 8 | 233.18 | 46.11. 15 (02 : 5004 : 50| 59 | 37 | 2.54 | 2.57
112 | 141.50 | 46. 8. 14 |20 : 31123 : 31| 55| 34 | 1.93 | 2.88 9 | 233.65 |48.11.15|03 : 0804 : 25| 6 | 3 | 2.33 | 2.67
113 | 141.76 | 53. 8. 14 |21 : 35/01 : 00, 185167 | 2.89 | 3.35 10 | 234.44 | 53.11.16 |04 : 16|05 : 16/ 34 | 27 | 2.29 | 3.41
114 | 142.00 | 44. 8. 14 (20 : 42(23 : 48| 93| 82 | 2.86 | 3.02 11 | 235.19 | 46.11. 17|02 : 35|04 : 35| 59 | 54 | 2.92 | 3.48
115 | 142.05 | 52. 8. 14 (22 : 20|02 : 41 222289 | 2.69 | 3.51 12 | 237.95 [47.11.20(02 : 3203 : 32| 6 | 49 | 3.33 | 3.37
116 | 142.30 | 47.8.15 |21 : 3002 : 35| 1611250 | 2.45 | 3.29 13 | 238.26 | 46.11. 20|04 : 01/05 : 01} 11 | 25 | 2.27 | 3.20

117 | 142.44 | 46.
118 | 142.50 | 50.
119 | 142.76 | 53.
120 | 142.99 | 44.
121 | 143.01 | 52.

15 |20 : 29122 : 24 9| 39 | 2.11 | 3.23
15 (22 : 55/23 : 50| 20| 15 | 3.30 | 2.47
15 {00 : 0001 : 00{ 59 55 | 3.41 | 3.64 Geminids
15 |21 : 3000 : 30| 75/134 | 2.32 | 3.21
15 |22 : 17/02 : 50] 103199 | 3.04 | 3.61

%0 00 90 00 0 90 90 30 00 G0 00 00 00 0 G0 00 90 00 90 90 00 9 90 00 90 00 99 00 G0 00 00 00 00 00 00 G0 00 00 90 00 90 00 90 00 00 90 00 B0 00 00 00 00 B0 00 00 B0 00 90 00 90 O 0O 00 00 B0 0 B0 00 0 0 90
[\
Do
(=}

122 1143.25 | 47.8. 16 |22 : 21l01 - 32| 25 80 | 2.36 | 3.60 1 | 247.27 | 46.11.29 (01 : 50[02 : 50 11 | 27 | 2.18 | 3.56
2 | 248.40 | 46.11. 30|04 : 4605 : 46| 3 | 61 | 4.00 | 2.98

123 | 143.79 | 45. 8. 16 23 : 26/02 : 53] 48|147 | 2.92 | 3.60
3 | 251.36 |45.12. 3|20 : 1521 : 45 3 ; 41 | 2.00 | 2.98

124 | 143.93 | 44.8.16 (20 : 43/00 : 16| 87|149 | 2.82 | 3.14
4 | 251.40 |46.12. 3|03 : 3304 : 33| 7 | 37 | 3.43 | 3.03

125 | 144.31 | 47.8.17 |01 : 5502 : 55| 4| 33 | 2.25 | 3.52
9 5 | 252.58 | 44.12. 419 : 5020 : 28 1 | 20 | 3.00 | 3.00

126 | 144.42 | 50.8.17 |22 : 4823 : 52 5 35 | 3.40 | 3.31
6 | 253.61 |44.12. 5|19 : 4421 : 13| 6 | 71 | 4.00 | 2.90

127 | 144.85 | 44.8.17 |20 : 38/22 : 15| 5| 52 | 3.80 | 2.44
128 | 145.01 | 48 17 lo1 : 00003 : 00| 7| 44 | 1.86 | 3.45 7 | 254.63 [45.12. 6|01 : 4503 : 48 19 | 79 | 1.11 | 3.22
: : ST T . : 8 | 256.86 [48.12. 8|01 : 3502 : 35| 10 | 28 | 3.10 | 3.04
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Continuation Table 1X

Date T, T, |N,|N_|M, |M_

2.89
1.60
2.59
2.67
3.26
2.91
2.84
3.07
2.63
2.65
2.65
2.59
3.00
0.90
2.29
2.77
2.82
3.33
3.00
4.17
3.46

3.20
2.86
2.73
3.24
3.55
3.60
2.85
3.01
3.39
3.10
3.38
3.13
3.27
2.25
3.14
3.21
3.56
3.73
4.05
3.81
3.19
3.86
3.60
3.55
3.06

9 | 257.93 |48.12. 902 : 45/03 : 45 9 | 35
10 | 258.87 | 44.12. 10|00 : 3901 : 11| 10 | 14
11 | 259.42 | 46.12. 11|00 : 34|02 : 34| 54 | 40
12 | 259.75 | 44.12. 11|19 : 3723 : 24| 81 | 68
13 | 259.98 | 48.12. 11|03 : 10{04 : 10| 46 | 31
14 | 260.18 |47.12. 12 |21 : 50/04 : 30487 (234
15 | 260.54 | 49.12. 12 |21 : 4223 : 23|136 | 46
16 | 260.77 | 45.12. 12 |01 : 2305 : 55/906 |277
17 | 260.96 | 44. 12. 12 |01 : 49|02 : 42) 48 | 18
18 | 261.38 | 46.12. 13 |19 : 0504 : 00831 (124
19 | 261.58 |49.12. 13 (21 : 33|00 : 33353 | 40
20 | 261.68 | 53.12. 13 |00 : 12/04 : 05[517 {183
21 | 261.73 | 44.12. 13 |19 : 0921 : 02216 | 49
22 | 261.75 | 48.12. 13 |20 : 0522 : 05| 67 | 8
23 | 262.38 | 46.12. 14|20 : 59|01 : 12| 96 | 66
24 | 262.53 | 49.12. 14|20 : 4021 : 32| 30 | 14
25 | 262.69 | 53.12. 14|01 : 12/02 : 12| 66 | 52
26 | 263.34 | 46.12. 15 (21 : 26[22 : 00| 3 | 22
27 | 263.79 |44.12.15 (20 : 1821 : 15| 5 | 21
28 | 264.34 | 46.12. 16 |20 : 5721 : 57| 6 | 31
29 | 264.84 |44.12.16 |18 : 5800 : 24| 24 | 74
30 | 265.12 | 47.12. 17|20 : 57|21 : 57 3 | 29 | 2.00
31 | 265.90 | 44.12.17|21 : 5023 : 34| 15 | 43 | 3.40
32 | 266.17 | 47.12. 18 (21 : 4022 : 43| 1 | 29 | 4.00
33 | 267.94 | 44.12.19|22 : 1523 : 15| 2 | 18 | 3.00

Table X
Shower meteors

S
£
E|

nAqr|dAqr| Per | Ori Gem| X

—13
—1
—6
—5
—4
—3

13

OO
©

70
164
440
909 21
57 | 2019 63 | 29
4459
6022
3943 987
1271 98 | 10 | 356
0 0 1 44 0 0 4 49

13 88
41 211
86 547
190
294
772
1319

0 0
0 0
0 0
0 16 0
0 32 0
0 5
2 1
2 5
16

—1

NOWOOOROO
QWP OOODODOO

85 19

S OUR W ~O
—
<
—
=
©

2 | 5071 66 584 |19407 |1015 | 234 (4072 (25885

different altitudes meteors are observed down to
the same limiting apparent magnitude which,
however, due to the varying slant range and
extinction corresponds to a varying absolute
(zenithal) magnitude. This effect displaces the
maximum of occurrence and the mean altitude of
meteors towards the zenith if the ratio » increases.

A procedure based on this effect was applied
to naked-eye observations by Millman and Burland
(1956) who obtained the best agreement with
% = 3.7. Levin (1956) treated the problem more
broadly, but without comparing the theory with
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Table XI
Sporadic meteors
M Lyr |pAqr| Per Ori Leo | Gem P
—8 3 0 0 0 0 0 3
—17 0 0 4 0 0 0 4
—6 0 0 0 0 0 0 0
—5 0 0 4 0 0 3 7
—4 0 0 6 0 0 0 6
—3 2 (1] 12 3 2 1 20
—2 5 0 25 7 8 13 58
—I1 3 0 129 10 0 10 152
0 0 6 287 29 7 41 370
1 32 6 795 83 18 85 | 1019
2 103 62 2546 262 92 272 | 3337
3 283 105 5408 570 179 642 | 7187
4 281 122 5204 468 172 590 | 6837
5 106 14 2202 253 69 267 | 2911
6 2 0 69 8 0 6 85
P 820 315 | 16691 | 1693 547 | 1930 {21996
Table XII
M, Xy M, x_
Lyrids 2.97 2.88 3.30 3.52
7 Aquarids 2.47 2.32 3.18 3.26
0 Aquarids 2.87 2.74 3.16 3.22
Perseids 2.58 2.42 3.25 3.41
Orionids 2.95 2.86 3.23 3.37
Leonids 2.63 2.47 3.20 3.30
Geminids 2.77 2.62 3.23 3.37
all showers 2.64 2.48 3.24 3.40

the observations. Using a number of models
for » (in some of them #x is assumed to change
with the magnitude) he computed the respective
altitude distributions. Unfortunately, Levin’s re-
sults cannot be directly applied to our data for the
following reasons:

(a) Levin does not compute the number but the
density of meteors in different altitudes. If we
were to construct analogous curves from the
observation, individual meteors would have widely
different weights. The densities are referred just to
the region of the zenith where the observed number
of meteors is low.

(b) The variation of the perception coefficients
with the altitude, depending on the position of the
centre of the field of view, is not taken into
account.

(c¢) Also the local conditions, in particular the
local extinction factors, could not be included in
a general solution. Unfortunately, it is just the
region immediately above the horizon, where the
difference may be considerable, that is most
sensitive to the change of x.
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For our purpose it is most reasonable to deter-
mine the expected dependence of the number of
observed meteors on the altitude for different
ratios % and to compare this with the observed
altitude distribution. The expected relation be-
tween the number of observed meteors and the
altitude may be written as

N(H) dH ~ o(H)o(H)P(H)x-4M@—aM©) dH,
(12)

where N(H) denotes the number of meteors at the
altitude H, o(H) the correction factor for the
coverage of the parallel of altitude H by the true
horizon, ¢(H) the relative size of the area in the
atmospheric layer, in which meteors appear at the
altitude H, P(H) the probability of observation
of a meteor appearing at the altitude H, 4M(d)
the difference between the apparent and absolute
(zenithal) magnitude of the meteor corresponding
to its slant range d, and AM(e) the change of the
apparent magnitude by the atmospheric extinction.
Individual factors appearing in formula (12) are
derived as follows:

(I) The factor o(H)

This factor takes into account the extent of the
coverage of individual parallels of altitude by the
true horizon. Denoting by A(H) the shielded
portion of the parallel (in radians, referred to the
geometrical horizon) we have

MH)

oH)y=1—"—"+=.

o (13)

For the Skalnaté Pleso observatory measurement
of the horizon’s contour by a theodolite was
supplemented by a panoramatic set of photographs
taken from the seats of the meteor observers. The
resulting contour was shifted down by 3° to take
into account the angular lengths of the meteors
and from the values of A(H), determined graphi-
cally, the factors o(H) were found using (13). These
are given in the second column of Table XVI.

(II) The factor o(H)

Owing to the earth’s curvature this factor
depends upon the height of the meteors. Although
the height varies with geocentric velocity, and thus
systematically differs for different showers and
sporadic meteors, we may adopt a uniform height
of 100 km without any serious loss of accuracy.
Expressing all distances in terms of the earth’s
radius, denoting the height by y, the slant range
by d and the angle formed by the directions from
the earth’s centre to the observer and to the
meteor by ¥, we have

o(H)dH ~ d?cos H cosec (H + ¢) dH.

From the sine formula we obtain the relation

(14)

cos
I+y
which may be used for the elimination of the
angle ¢ from (14). After simple adaptations we
have

cos (H + #) =

(15)

2
o(H) ~ +yd . (18)
]/(1 + y)?sec2H —1
The distance d is obviously equal to
d:l/sin2H+2y+y2——sinH. (17)

Inserting selected altitudes H and a uniform
height y = 0.0157 into (16) we obtain the values
of o(H) given in Table XVI; the relative collecting
area at H, = 45° is here adopted as a unit.

(IIT) The factor P(H)

The derivation of this factor is most difficult as
it depends upon the probabilities of perception of
the meteors appearing in different positions with
respect to the centre of the field of view. The
relation between H and P(H) has to be derived
empirically, from the same series of observations
that have been used in section 4 to find the relation
between M and P(M). It is necessary to find
first how the probability of witnessing a meteor
changes with its distance from the field’s centre D,
no discrimination according to the magnitudes
being required.

From 1344 distances D, estimated to the near-
est 5°, the number of meteors within the an-
nular spaces described around the centre of the
field of view was determined. The diameter of the
central spherical cap and the width of the other
ring-like zones was 10°; the numbers of meteors
N(D) within individual zones were computed
from the frequencies of individual distances
N(D), i.e.

1 1
N(D) = —Q—N(D—5°) + N(D) +—2—N(D + 5°).
(18)
The relative frequency per unit area is obtained

if N(D) is divided by the area of the zone which,
expressed in thousands of square degrees, equals
8(D) = 206.3 [cos (D —5°) — cos (D + 5°)].

’ (19)

Obviously, the actual density of meteors varies
even along each zone but these differences

essentially cancel out in the total, in particular
for the inner zones where P(D) is high. Putting
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P (0) = 1 we may define the relative probability
of perception referred to the probability at the
field’s centre as

S(0)N (D)
S(D)N(0)
All quantities entering the determination of P(D)
are shown in Table XIII; the result is graphically
represented in Figure 6 where a smooth curve
of P(D) is fitted to the histogram of the a posteriori
probabilities P(D), derived from the observation.

P(D) = (20)

Table XIII
v N(D)
D |N(D)|N(D)|S(D) 5(D) P,(D)P(D)P,(D)-P(D)
0 9+ 27+ 10.079|34.2 [0.90 |1.00 —0.10
5 45 | 132 |0.313|42.2 |1.10 |0.99 +0.11
10 | 165 | 249.5|0.624 | 40.0 | 1.05 |0.94 +0.11
15 | 124 | 274.5{0.931|29.5 |0.78 |0.85 —0.07
20 | 136 | 290 |1.230|23.6 |0.62 [0.74 —0.12
25 | 184 | 368.5|1.519| 24.3 | 0.64 |0.63 +0.01
30 | 233 | 410 |1.79822.8 |0.60 [0.52 +0.08
35 | 170 | 365 |2.062|17.7 | 0.47 |0.41 +0.06
40 | 157 |276.5|2.311|12.0 |0.32 [0.30 +0.02
45 69 | 157.5|2.542| 6.20|0.16 |0.19 —0.03
50 20 62.5 | 2.754 | 2.27|0.06 |0.08 —0.02
B85 16 30.512.945| 1.04|0.027 |0.028) —0.001
60 9 20.5 | 3.114 | 0.66 | 0.018 [0.017 +0.001
65 7 11.5 | 3.259 | 0.35| 0.009 | 0.009 0.000
70 0 3.5 3.379| 0.10] 0.003 |0.003 0.000
75 0 0 |3.473| 0.00 0.000 |0.000 0.000

In order to convert the probabilities P(D) to
P(H) it is necessary to integrate P(D) along the
individual parallels of altitude. The distance D
from the centre of the field of view (altitude H,,
azimuth 4,) to a point with the co-ordinates H,
A is given by

0.8 —

0.6 -

]

04

0.2

0.0 D
0 10 20 30 %0 50 60 70

Figure 6

cos D = sin H sin H, + cos H cos H,cos (A — A,)
(21)
or, in our specific case where H, = 45°,

cos D = 2-¥[sin H + cos H cos (A — 4,)].

(22)
The distances D(4, H) are given in Table XIV;
the probabilities P(4, H) corresponding to them
according to Table XIII are given in Table XV.
Figure 7 shows the relation between the azimuthal
displacement of the meteor and the relative proba-
bility of perception for different altitudes if

Table XIV
Distance
) H
0 10 20 30 40 50 60 70 80 90
A—A4,

0 45.00 35.00 25.00 15.00 5.00 5.00 15.00 25.00 35.00 45.00

10 45.86 36.04 26.33 16.94 8.90 8.39 16.15 25.49 35.19 45.00

20 48.36 39.00 29.98 21.72 15.52 14.35 19.16 26.91 35.73 45.00

30 52.24 43.46 35.19 27.89 22.54 20.72 23.28 29.08 36.61 45.00

40 57.20 48.99 41.34 34.65 29.60 27.15 27.97 31.82 37.77 45.00

50 62.97 55.22 48.01 41.65 36.61 33.51 32.90 34.92 39.17 45.00

60 69.31 61.90 54.96 48.72 43.50 39.74 37.89 38.24 40.73 45.00

70 76.00 68.84 62.02 55.74 50.22 45.80 42.84 41.65 42.41 45.00

80 82.95 75.89 69.07 62.62 56.73 51.64 47.64 45.05 44.14 45.00

90 90.00 82.95 76.00 69.30 62.97 57.20 52.24 48.36 45.86 45.00

100 97.05 89.89 82.73 75.69 68.87 62.44 56.57 51.50 47.54 45.00

110 104.00 96.63 89.16 81.71 74.38 67.28 60.56 54.43 49.13 45.00

120 110.69 103.03 95.19 87.28 79.42 71.67 64.18 57.07 50.58 45.00

130 117.03 108.96 100.68 92.30 83.90 75.55 67.35 59.40 51.87 45.00

140 122.80 114.25 105.50 96.64 87.73 78.84 70.03 61.37 52.96 45.00

150 127.76 118.70 109.49 100.18 90.84 81.49 72.17 62.93 53.84 45.00

160 131.64 122.11 112.49 102.82 93.12 83.42 73.73 64.07 54.48 45.00

170 134.14 124.26 114.36 104.45 94.53 84.60 74.68 64.77 54.87 45.00

180 135.00 125.00 115.00 105.00 95.00 85.00 75.00 65.00 55.00 45.00
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Table XV

Probability
H i
0 10 20 30 40 50 60 70 $0 20
A—A4,
0 0.184 0.408 0.634 0.852 0.987 0.987 0.852 0.634 0.408 0.184
10 0.165 0.384 0.604 0.812 0.951 0.957 0.829 0.623 0.404 0.184
20 0.113 0.318 0.521 0.708 0.842 0.865 0.765 0.591 0.391 0.184
30 0.051 0.217 0.404 0.569 0.690 0.730 0.673 0.542 0.372 0.184
40 0.022 0.101 0.265 0.416 0.530 0.586 0.567 0.480 0.345 0.184
50 0.011 0.028 0.120 0.258 0.372 0.442 0.455 0.410 0.314 0.184
60 0.004 0.012 0.029 0.106 0.216 0.301 0.343 0.335 0.278 0.184
70 0.001 0.004 0.012 0.026 0.081 0.166 0.231 0.258 0.241 0.184
80 0.000 0.001 0.004 0.011 0.023 0.059 0.128 0.183 0.202 0.184
90 0.000 0.000 0.001 0.004 0.011 0.022 0.051 0.113 0.165 0.184
100 0.000 0.000 0.000 0.001 0.004 0.012 0.023 0.061 0.130 0.184
110 0.000 0.000 0.000 0.000 0.001 0.006 0.015 0.032 0.099 0.184
120 0.000 0.000 0.000 0.000 0.000 0.002 0.009 0.022 0.075 0.184
130 0.000 0.000 0.000 0.000 0.000 0.001 0.006 0.017 0.056 0.184
140 0.000 0.000 0.000 0.000 0.000 0.000 0.003 0.013 0.043 0.184
150 0.000 0.000 0.000 0.000 0.000 0.000 0.002 0.011 0.036 0.184
160 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.009 0.032 0.184
170 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.008 0.030 0.184
180 0.000 0.000 | 0.000 0.000 0.000 0.000 0.001 0.008 0.029 0.184
H, = 45°. A numerical integration yields the Table XVI
desired relation between P(H) and H; this is o o & .
. . . p
presented in Figure 8 and in the last column of o(H) ) (H)
Table XVI. 0 0.00 378 0.026
It was the neglect of the factor P(H) which led 5 0.35 131 0.0 47
to some disagreement between the observation ig g.ég g.g g.g;;
and theory in the work of Millman and Burland 20 0.80 9,80 0.127
(1956). Figure 5 of their paper shows a distinct ig : i-gg ?ig g.;gg
excess of observed meteor numbers in mean 50 1.00 0.721 0.958
altitudes combined with a lack in the highest and 60 1.00 0.393 0.251
70 1.00 0.212 0.224
80 1.00 0.0936 0.192
PCA—-A) 90 1.00 0.0000 0.184
—Ao

10

08 —

0.4

0.0

Towest

altitudes, which fact agrees well with our
Figure 9. Nevertheless Millman and Burland
obtained a good value of x because they sagaciously
restricted the examination to the altitudes H > 25°
where the effect becomes less significant and the
decrease of P(H) to the lower altitude limit
adopted becomes roughly counterbalanced by the
defect around the zenith. Levin (1956) also does
not consider this effect. The present results
suggest, however, that the effect is of substantial
importance and its evaluation unavoidable for
a correct determination of the ratio x» from the
visual counts of meteor altitudes.

100

120 140 160

Figure 7
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It must be pointed out that the function P(D),
and hence also the function P(H), to some extent
depends upon the magnitudes function of meteors
under observation. Our numerical results have

P(H)!
03

0.2

Figure 8

been derived from a period without any sig-
nificant shower activity; as was demonstrated in
section 5, » is essentially invariable in such
periods throughout the year. If we apply the
factors P(H) to meteor showers where x is different,
some systematic departures may appear. These
are, however, not very significant and have
the same sign in both tails of the P(H) curve.
If we deduce the magnitude function from the
average altitudes we may reasonably expect that
these systematic departures remain negligible.

NC(H)

10 —

(IV) The exponent AM(d)

This factor expresses the decrease of the
apparent brightness with increasing slant range
of the meteor. We have

AM(d) = 5 (log d — log ) (23)

where d denotes the slant range and y the standard "
height of 100 km to which the absolute magnitudes
are reduced. Assuming again a uniform height
of 100 km for all meteors the numerical values of
Table XVII are obtained.

Table XVII
d
H ; AM(d) AM(e)
90 1.000 0.00 0.00
80 1.015 0.03 0.00
70 1.063 0.13 0.01
60 1.152 0.31 0.02
50 1.298 0.57 0.05
40 1.539 0.94 0.09
30 1.956 1.46 0.16
20 2.771 2.21 0.31
10 4.774 3.39 0.74
0 11.331 5.27

(V) The exponent AM(e)

This factor expresses the diminution of the
apparent brightness by atmospheric extinction.
Denoting by p the transmission factor and by
F(H) the air mass we have, according to the
well-known formula

AM(e) = —2.5log p [F(H) —1]. (24)

0 T T T T
0 10 20 30 2]

50 60 70 80 90

Figure 9
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The transmission factors of the Skalnaté Pleso
Observatory were measured by Lexa (1958) who
obtained a close agreement with Abbot’s (1911)
extensive measurements at the Mount Wilson
Observatory; the agreement is comprehensible
with regard to the almost identical height
above sea-level (1783 m and 1780 m, respectively).
We adopted Abbot’s value interpolated for the
wave-length of 5100 A corresponding to the
maximum sensitivity of the human eye adapted
to the night, p = 0.862. The air masses were
found from Bemporad’s Tables (Schoenberg 1929).
The resulting values of 4M (e) are given in the last
column of Table XVII.

In order to obtain the expected altitude distribu-
tions for different ratios » the factors (I) to (V)
for selected values of H are inserted into formula
(12), a numerical integration of N(H)dH being
necessary for converting the relative abundances
into percentages. The results are given in Table

Table XVIII
Expected percentage N(H)

|
>
N 2.5 3.0 3.5 4.0

0 0.00 0.00 0.00 0.00

5 0.85 0.37 0.18 0.09
10 2.80 1.66 1.05 0.68
15 5.44 3.82 2.76 2.06
20 7.62 6.05 4.86 3.96
25 10.32 8.97 7.80 6.81
30 10.59 9.92 9.17 8.45
35 10.47 10.40 | _ 10.11 9.72
40 9.99 10.42 10.56 10.52
45 9.20 9.99 10.48 10.75
50 8.15 9.16 9.88 10.40
55 6.91 7.99 8.82 9.48
60 5.61 6.63 7.47 8.17
65 4.35 5.25 6.01 6.66
70 3.21 3.92 4.55 5.10
75 2.20 2.72 3.18 3.61
80 1.34 1.67 1.97 2.24
85 0.62 0.78 0.92 1.04
90 0.00 0.00 0.00 0.00

XVIII and Figure 9 for » = 2.5, 3.0, 3.5 and 4.0.
The discontinuity below H = 25° is due to the
factor y(H) and comes from the partial coverage
of the horizon at Skalnaté Pleso. Analogously to
our procedure with the magnitude distribution,
the average altitudes H, median altitudes H,,.,
and altitudes of maximum occurrence H,, were
computed for x interpolated to 0.1, and listed in
Table XIX. Table XIX demonstrates that this
method is more sensitive for lower values of x;
H,, is the distribution parameter most affected

by the changes of x. The principal potential

sources of uncertainty are, firstly, systematic
errors of the altitude estimates and, secondly,
the factors P(H) found empirically. In general the
method is less sensitive than that based on direct
magnitude estimates. '

Table XIX

% H Heea Hp,.
2.50 39.92 38.4 31.0
2.60 40.56 39.1 - 32.6
2.70 41.16 39.8 34.1
2.80 41.73 40.5 35.4
2.90 42.26 41.1 36.6:
3.00 42.76 41.7 37.7
3.10 43.23 42.2 38.7
3.20 43.68 42.7 39.6
3.30 44.11 43.2 40.4
3.40 44.51 43.7 41.1,
3.50 44.89 441 41.8
3.60 45.25 44.5 42.4
3.70 45.60 449 43.0
3.80 45.94 45.3 43.5
3.90 46.26 45.7 44.0
4.00 46.58 46.0 44.5

7. Magnitude function derived from statistic of
altitudes

Our observational data, to which the results of the
preceding section are applicable, are about 40 9,
less comprehensive than those concerning the
magnitude distribution: they consist of 14468
altitudes of shower meteors and 13490 altitudes of
sporadic meteors of the background. The shower
of n Aquarids was omitted from the elaboration
because there were relatively few data and,
moreover, they referred to the time when the
radiant is close to the horizon and the meteor
trails are extraordinarily long. The observations of
the Perseids were divided into two: (A) those
from the period 1944—1949 and (B) those from the
period 1950—1954. As there were some changes
in the composition of the team of observers,
this division should provide a check on the
possible systematic errors of the altitude estimates.

The observed altitude distribution within indivi-
dual showers is shown in Table XX, that of their
sporadic background in Table XXI. In the last
column of the latter table the sporadic meteors
from the ¢ Aquarid period are omitted because
these were identical with the sporadic meteors
from the earlier part of the Perseid period. From
the basic data of Tables XX, XXT the average
values H, and H. were computed; they are
given, together with the corresponding values
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Table XX
Shower meteors
H | Lyr |6Aqr|Per A|Per B| Ori | Leo |Gem | X
5 0 7 15 14 1 0 4 41
10 5 17 102 102 9 2 45 282
15 24 27 203 187 52 | 12 | 128 633
20 19 31 259 206 50 7 | 209 781
25 29 24 274 225 58 | 13 | 152 775
30 41 64 443 447 | 112 | 15 | 375 | 1497
35 50 30 372 348 77 | 20 | 265 | 1162
40 35 60 569 508 | 118 | 18 | 450 | 1758
45 39 49 461 491 69 14 | 247 | 1370
50 82 66 450 511 | 106 | 19 | 412 | 1646
55 27 7 228 168 25 6 | 117 578
60 58 25 285 195 42 | 15 | 223 843
65 29 19 190 113 34| 10 78 473
70 19 19 237 197 32| 10 | 153 667
75 6 16 89 109 27 6 | 48 301
80 29 21 145 110 21 3 76 405
85 8 4 58 44 10 0 28 152
90 2 8 44 57 4 0 11 126
0—90(502 | 494 |4424 (4032 | 847 [170 [3021 [13490
Table XXI
Sporadic meteors
H | Lyr |6 Aqr|Per A|Per B| Ori | Leo |Gem | X
5 2 33 33 13 0 1 7 56
10 91 100 104 77 8 4 35 237
15 20 | 196 207 115 43 7 47 439
20 43 | 311 331 193 57 18 63 705
25 51| 390 | 414 216 64 | 14 92 851
30 75 | 658 666 378 | 120 | 24 | 165 | 1428
35 102 | 513 530 330 (109 | 26 | 110 | 1207
40 127 | 798 867 493 | 137 | 34 | 215 | 1873
45 101 | 630 763 371 | 105 | 35 | 128 | 1503
50 118 | 695 797 413 | 124 47 210 | 1709
55 53 | 308 355 177 60 | 12 51 708
60 64 | 371 458 233 78 | 18 | 108 959
65 39 | 298 336 128 70 | 13 40 626
70 68 | 373 460 165 79 7 70 849
75 19 | 191 249 80 36 6 15 405
80 38 | 224 272 138 35| 13 48 544
85 19 | 119 124 68 22 1 12 246
90 7 74 73 32 2 0 9 123
0—90| 955 | 6282 |7039 |3620 |1149 |280 [1425 |14468
Table XXII
H, %y H_ %
1
Lyrids 46.93 4.11 46.74 4.05
6 Aquarids 42.70 2.99 45.60 3.70
Perseids 43.68 3.20 45.91 3.79
Orionids 42.23 2.89 46.04 3.83
Leonids 43.44 3.15 44.37 3.37
Geminids 42.79 3.01 43.43 3.14
all showers 43.47 3.15 45.63 3.71
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of », and »_ (found by interpolation in Table XIX),
in Table XXITI.

It is interesting to note that the mean value of
x_ perfectly agrees with that derived from the
altitude distribution by Millman and Burland
(1956). Both the values of x», and x»_ are systema-
tically higher than those based on the magnitude
estimates; the difference corresponds to an average
overestimation of the altitudes by about 3°.
Considering that the systematic differences among
the altitude estimates of individual observers
amount to 4° (see p. 78) and that additional discre-
pancies may arise from the uncertainty of the
probability factors P(M) and P(H), this difference
is not so high as to cast doubts on the correctness
of the method applied. The method based on the
altitude distribution is evidently inferior to that
based on the magnitude distribution. Nevertheless
the main conclusion that the ratio is systematic-
ally lower for shower meteors than for sporadic
meteors is confirmed beyond doubt. For the total
data the ratio x,/x_ obtained from the magnitude
distributions is 0.73, that obtained from the
altitude distributions is 0,85.

Adopting the values of » given in Table XXII
we may construct the expected altitude distri-
butions and compare them with the observation;
this is done in Figure 10. Since Tables XX and

. XXI show the preference of some observers to

round off the altitudes to the nearest 10° instead
of 5° (this is naturally most striking in the region
50° < H < 70° where the accuracy of the esti-
mates is less than elsewhere) the summed numbers
N(H) from the neighbouring pairs of H were used

-as the frequencies in 5° intervals. The agreement

between observation and theory is good. Some
random fluctuations become apparent where the
number of meteors is relatively low; in addition
to this a depression of the histogram below the
curve between H = 50° and H = 70° appears
in most cases. We have already noted that just
in this region the errors of the altitude estimates
are greatest. It may be reasonably assumed that
an excessive proportion of the meteors from this
region was erroneously distributed into the neigh-
bouring zones, H = 40° to 50° and 70° to 80°,
where an excess is actually observed. This expla-
nation is confirmed by the fact that the depression
is most pronounced for the Perseids B where some
observations are due to two teams of observers
simultaneously active, the greater part being
composed of less experienced observers.
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8. Dependence of magnitude function on position
within stream

As was mentioned in the introduction, there are
two principal effects which may produce variations
of » with the position of the earth:

(I) The changes of the magnitude function in the
direction from the stream’s centre towards its
boundary.

(IT) The changes of the magnitude function
from the inner to the outer boundary (relative
to the Sun), in the orbital plane.

The former effect could be observable in each
stream, but in particular where the earth passes
near to the orbit of the parent comet. It should
be more pronounced in the streams with steep
curves of activity; inasmuch as the threshold
observable frequency of each shower is practically
the same, the chance of establishing this effect
increases with the peak hourly rate. The latter
effect, associated with the potential operation
of the Poynting-Robertson and corpuscular drag,
may appear only in the streams with moderately
inclined orbital planes (¢ % 90°), met by the
earth far enough from the perihelion (g # 1
o # 0° or 180°). The conditions are most favour-
able in old, widely dispersed streams, with the
orbits not approaching closely to the orbits of
major planets which would effectively intermingle
the meteors by the perturbations.

In order to judge these two effects each shower
was divided into four parts along the path traver-
sed by the earth through the stream:

(a) from the beginning of the activity to the
point where the shower attains one half of its
maximum frequency (reduced to the radiant in
the zenith),

(b) from this point to the point of maximum
frequency,

(c¢) from this point to the point where the
frequency drops again to one half of the maximum,

(d) from this point to the end of the shower’s
activity.

The adopted solar longitudes of the limiting
points are given in Table XXIII. The number
of nights n, the number of shower and sporadic
meteors N,, N_, the average magnitudes M.,
M_, the corresponding ratios x;, % according
to Table VIII, and the differences of the average
magnitudes M, — M_ are given in Table XXIV.
The results obtained for individual showers
require the following comments:

The Lyrids. The gradual increase of »x; is

7 Prace

Table X XIII

Solar longitudes

(a) (b) (c) (a)

Lyrids 30.5° 31.0° 31.5°
7 Aquarids 41.0 44.5 50.0
0 Aquarids 123.0 125.0 127.0
Perseids 138.0 139.5 140.5
Orionids 205.0 209.0 212.0
Leonids 233.5 234.0 234.5
Geminids 259.0 261.0 262.5

accompanied by a simultaneous increase of x_j;
this indicates that it is likely due to random
changes of observing conditions. There is no evid-
ence of any systematic changes of », with the
position within the stream, although some con-
centration of brighter meteors towards the stream’s
centre is not excluded.

The n Aquarids. The data are insufficient for
drawing any dependable conclusion. The excep-
tionally positive difference 3/, — M _ in subgroup
(c) deserves no attention, being based on three
shower meteors only. The only remarkable feature
is a distinctly lower value of », than that found
for the other shower associated with Comet
Halley—the Orionids.

The & Aquarids. The values of M_ and x_ are
very stable, owing to the comprehensive data on
the sporadic background. For the shower meteors
the variations are much greater but without any
distinct tendency.

The Perseids. Here the data are extensive
enough in all subgroups, and all quantities compu-
ted are much less affected by random variations
than in other cases. The differences M, — M_
show regular variations of low amplitude, indi-
cating a moderate concentration of brighter
meteors to the stream’s centre. The reality of this
effect is supported if the innermost region (12
observations between © = 139.0° and 140.0°) is
analogously elaborated: here we get M, = 2.37,
%y =23 and M, —M_—= —0.76. It appears
that », of the Perseids is about 0.2 lower in the
centre than at the boundary of the stream.

The Orionids. In the subgroups (a)—(c) no
changes of the magnitude function are apparent,
but in subgroup (d) both x», and M, — M_
increase abruptly. As the subgroup (d) corresponds
to the inner boundary of the stream, the effect
qualitatively agress with the potential separation
of smaller particles by the Poynting-Robertson
drag. The differences M, — M_ suggest, like
in the case of the Perseids, some concentration
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Table XXIV

region nights . N, N_ M, ‘ M. P % M. —M_
Lyrids
(a) 6 70 344 2.81 3.20 2.7 3.3 —0.39
(b) 2 101 185 2.43 3.36 2.3 3.7 —0.93
(c) 1 282 160 3.18 3.39 3.3 3.8 —0.21
(d) 6 54 131 3.04 3.40 3.0 3.8 —0.36
z 15 507 820 2.97 3.30 2.9 3.5 —0.33
7 Aquarids
(a) 2 10 66 2.80 3.36 2.7 3.7 —0.56
(b) 5 53 217 2.34 3.15 2.2 3.2 —0.81
(c) 2 3 32 3.67 3.06 3.0 +0.61
(d) 0 0 .0 ) . ) ) .
P 9 66 315 2.47 3.18 2.3 3.3 —0.71
6 Aquarids
(a) 7 61 871 2.74 3.14 2.6 3.2 —0.40
(b) 11 119 1335 3.04 3.19 3.0 3.3 —0.15
(e) 6 205 1091 2.70 3.05 2.5 3.0 —0.35
(d) 24 199 3715 2.97 3.19 2.9 3.3 —0.22
z 48 584 7012 2.87 3.16 2.7 3.2 —0.29
Perseids
(a) 76 5769 10070 2.64 3.23 2.5 3.4 —0.59
(b) 19 6339 1814 2.47 3.16 2.3 3.2 —0.69
(c) 11 4629 1256 2.57 3.29 2.4 3.5 —0.72
(d) 32 2670 3551 2.75 3.31 2.6 3.5 —0.56
P 138 19407 16691 2.58 3.25 2.4 3.4 —0.67
Orionids
(a) 9 169 592 2.91 3.15 2.8 3.2 —0.24
(b) 12 684 778 2.91 3.22 2.8 3.4 —0.31
(c) 5 91 144 2.96 3.46 2.9 4.0 —0.50
(d) 2 71 179 3.48 3.35 4.0 3.6 +0.13
P 28 1015 1693 2.95 3.23 2.9 3.4 —0.28
Leonids
(a) 8 118 389 2.59 3.13 2.4 3.2 —0.54
(b) 1 6 3 2.33 2.67 2.2 2.5 —0.34
(c) 1 34 27 2.29 3.41 2.2 3.8 —1.12
(d) 3 76 128 2.86 3.38 2.7 3.7 —0.52
z 13 234 546 2.63 3.20 2.5 3.3 —0.57
Geminids
(a) 10 79 413 2.37 3.07 2.3 3.1 —0.70
(b) 7 1758 714 2.97 3.23 2.9 3.4 —0.26
(c) 6 2080 470 2¢60 3.14 2.4 3.2 —0.54
(d) 10 155 333 3.03 3.53 3.0 4.2 —0.50
x 33 4072 1930 2.717 3.23 2.6 3.4 —0.46
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of bright meteors towards the stream’s centre,
but the random variations are too great to allow
of a definite conclusion.

The Leonids. Even for this stream some concen-
tration of brighter meteors towards the centre is
indicated. Unfortunately, there are few observa-
tions from the central region of the stream.

The Geminids. In spite of a sufficient number
of magnitude estimates, »., »_ and M, — M_
vary rather irregularly within a wide range. None
of the two effects anticipated is apparent.

The results obtained on different streams may
be summarized as follows:

(1) A difference between the inner and outer
boundary of a stream was found merely in the
case of the Orionids, where it qualitatively agrees
with the potential operation of the Poynting-Ro-
bertson drag. Additional observations, in particular
between the solar longitudes 212—215°, are
necessary for confirming this effect; telescopic and
radio-echo investigations of the magnitude func-
tion of this shower would be of special interest.

(2) The two short-periodic showers with a low
inclination and a small perihelion distance which
are represented in our data, the Geminids and
6 Aquarids, show considerable variations of the
magnitude function. These variations, however,
are not systematically associated with the position
within the stream. This agrees with the suggestion
of Kas&¢ejev and Lebedinec (1959) that the Geminid
stream contains isolated regions where the number
of greater particles is relatively increased.

(8) The long-periodic showers of great inclina-
tion—the Perseids, Orionids, Lyrids and Leonids—
yield a lower value of », near the stream’s centre.
For the Perseids the diminution is moderate
(about 0.2) but, owing to the great extent of the
data, it appears well established. For the other
streams the number of observations is too low
to allow a decided conclusion; however, the
qualitative agreement among them makes the
effect rather probable.

(4) The reality of this effect is supported by
comparing the results obtained for the Orionids
and Aquarids. These two showers are associated
with the same comet, but the » Aquarids move
much nearer to the orbit of the parent comets,
the minimum distances being 0.07 and 0.15 A.U.,
respectively. As a matter of fact, the ratio x comes
out considerably smaller for the » Aquarids than
for the Orionids.

(5) The decrease of x in the centre of the streams
is in our data considerably less pronounced than

in the examples quoted by Levin (1956). It must
be remembered, however, that the cases referred
to by Levin are mostly observations of extraordi-
narily strong displays, not represented in our data.

9. Changes of ratio » with magnitude

In the preceding sections we have assumed
that the ratio x» remains constant throughout
the whole magnitude range investigated. As
a matter of fact, only for brighter naked-eye
meteors (down to about 3™) could the probability
factors P(M) be determined with an accuracy
sufficient for confirming this assumption. The
upper magnitude limit for which the independence
of % upon M may be checked on the basis of the
present observations depends on the number
of magnitude estimates available. It amounts
to about —5™ for the Perseids, —4™ for the
sporadic meteors, —3™ for the Geminids, but only
to 0 for the Orionids, § Aquarids, Leonids and
Lyrids.

The probabilities P(M) for the faintest naked-eye
meteors that the ratio »_ is obtained for brighter
sporadic meteors may be extrapolated into this
magnitude range. For this reason it is impossible
to obtain idependently the variation of », with M;
we may only search for relative changes of »,
against »_.

The changes of the ratio » may be most conveni-
ently represented using the logarithmic form of
the magnitude function. If N(M) denotes the
actual relative number of meteors of magnitude
M an N(M), the observed number, we have

log N(M) = log N(M),— log P(M) =

= Mlog x + C. (25)

The graphical representation of this equation may
be compared with a point-to-point plot of log N (M)
against M. The changes of » with M will then
appear as a curvature of the observed relation
against the computed straight line.

Such a comparison is presented in Figure 11
where the slope of the dashed line corresponds to
x ='3.4 (a value found for sporadic meteors in
section 5) and the full line to x = 2.5. The vertical
scales are adjusted by fixing the constant C
so as to yield N(M), =100 for M = 3. The
difference between the magnitude functions of
sporadic and shower meteors is apparent at
first glance. As regards the curvature of the magni-
tude functions the evidence is not so clear. In
considering this effect we must remember that

101

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



LOG N

LYRIDS

4 ORIONIDS

1 AQUARIDS

LEONIDS .

S AQUARIDS

47 GEMINIDS .

PERSEIDS

4 T SPORADIC

102

Figure 11

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



Table XXV

log N(M
M g N(M)
Lyr n Aqr d Aqr Per Ori Leo Gem Spor
—8 —o0 —oc0 —o0 —00 —o0 —o0 —o00 —1.86
—17 —o0 —o0 —0c0 —1.16 —o0 —c0 —o00 —1.74
—6 —0.10 —o0 —o00 —1.52 —o0 —ce —o0 —o00
—5 —oo —o0 —o0 —1.09 —o0 —o0 —0.99 —1.49
—d —o0 —o0 —oo0 —0.77 —o0 —oo —0.98 —1.54
—3 —o0 —oco —o0 —0.38 —0.25 —o0 —0.44 —0.98
—2 —0.09 —o0 —0.33 0.07 —0.86 —oo0 0.14 —0.44
—1 0.44 1.08 —0.22 0.60 —0.07 0.17 0.57 0.08
0 0.32 0.98 0.76 0.99 0.64 1.10 0.99 0.54
1 1.20 1.26 1.37 1.39 1.17 1.47 1.24 1.04
2 1.79 1.92 1.81 1.83 1.82 1.81 1.74 1.65
3 2.16 2.09 2.14 2.13 2.19 2.14 2.14 2.15
4 2.69 2.49 2.60 2.50 2.55 2.55 2.58 2.69
5 2.96 2.76 2.93 2.91 3.08 2.73 3.04 3.22
6 —o0 —oo 3.38 3.52 —o0 —o0 3.16 3.74

the random errors of log N(M), rapidly increase
to the left of the diagrams, owing to a lack of data
on brighter meteors and to the application of
the logarithmic scale. The missing circles corresp-
ond to N(M),=0, or log N(M), = —co. For
the genuine curvature of the magnitude function
the last few circles at the right are decisive.

From this point of view only the curvature of
the magnitude function of the Orionids appears
well established; it is conspicuous that just for
this stream some magnitude separation was found
(see p. 101). A slight indication of curvature is
yielded by the Leonids, ¢ Aquarids and Lyrids;
for the  Aquarids the data are insufficient for
any conclusion. It is significant that just the two
showers which are best represented in our data, the
Perseids and Geminids, fail to show any curvature
with respect to the magnitude function of the
sporadic background. On the other hand, it is
interesting to note that in all other cases the curva-
ture has always the same sign, suggesting a de-
crease of x», with decreasing brightness.

A confirmation of this decrease may be obtained
only from telescopic observations. Unfortunately,
it is rather difficult to observe telescopic shower
meteors in sufficient numbers for a statistical
treatment. Even using the types of telescopes
most suitable for meteor observations the hourly
rates generally remain much lower than in naked-
eye observations. For the shower meteors the
conditions are even worse than for sporadic
meteors because the relative rate varies with
(%4 [%-)4¥, where AM is the gain in magnitude.
This effect may be illustrated by a simple example.
For the Skalnaté Pleso telescopic observations
(Kresak and Kresdkova 1965) the rates of sporadic

-

meteors are about 4 times lower than those obtain-
ed from the naked-eye observations; the difference
of the mean magnitudes M is 4.5™; the average
ratio s, [x»_ from Table XII is 0.73. Accordingly,
a shower yielding an hourly rate of 10 meteors
in the naked-eye range should yield only 10 x 0.25 X
0.73%% = 0.6 meteors per hour in the telescopic
range, provided that x», does not decrease with
decreasing brightness, and otherwise even less.
For most major showers the peak naked-eye
frequency is 10 to 30 meteors per hour, i.e. not
more than one or two telescopic meteors per hour.
Moreover, the greater proportion of sporadic
background meteors makes the discrimination of
shower meteors less reliable. It may be concluded
that in our latitude zone no permanent streams,
except the Perseids and the Geminids, promise
to yield statistical data capable of a serious statisti-
cal analysis. Even for the Perseids and the Gemi-
nids it would be very difficult to collect observa-
tions of, say, 100 telescopic shower meteors.

At Skalnaté Pleso and Bratislava telescopic
observations of some meteor showers were attemp-
ted, some results of which have been reported
elsewhere. From the Perseid observations on
August 6/7, 8/9, 9/10, 10/11 and 15/16, 1956,
the writer (Kresdkova 1958) has found the ratio
of shower to sporadic meteorsas N, /N_ = 0.155 4
40.035, with the average magnitude M = 7.8.
For the same nights from different years we find
from Table IX the naked-eye ratio N./N_ = 0.98.
The observing conditions, in particular the average
zenith distance of the radiant which affects the
observed frequency of shower meteors, were almost
identical, only the average brightness was consider-
ably higher, M = 2.9. Denning’s comprehensive
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series of naked-eye observations (1899), obtained
under worse atmospheric conditions and thus
with a still higher average brightness of meteors
recorded, yield N,/N_ = 1.5; from the Harvard
photographic observations (Wright and Whipple
1953), with M ~ —2, we get N,/N_ = 2.2. This
is an additional proof that the ratio of shower to
sporadic meteors actually decreases with decreas-
ing brightness. Obviously, this may be explained
if the ratio x, is appropriately lower than s_
without requiring that », decreases with increas-
ing M.

If we adopt for the Perseids the ratio s, /x_ =
= 0.74 (see Table XII) in an unlimited magnitude
range the expected ratios (N./N_), may be comp-
uted from the relation

(3).= ()

and compared with the observed ratios (N./N_),.

(26)

Table XXVI

w | (5 (2 () - (2= |
N_], N_). N_), \N_).
—3 5.8 7.3 0.80
—2 6.6 5.4 1.22
—1 3.4 4.0 0.85
0 3.2 3.0 1.07
1 2.5 2.2 1.14
2 1.75 1.63 1.07
3 1.11 1.20 0.92
4 0.76 0.89 0.85
5 0.58 0.66 0.88
7.8 0.224 0.155 0.69

This is done in Table XX VI for naked-eye meteors;
in the last line the result of the telescopic observa-
tions is added. It is shown that the ratio of observed
to computed values is practically constant for
brighter meteors (fluctuations among the brightest
ones being due to random sampling errors) but
slightly decreases for fainter meteors. It cannot
be excluded that the activity of the Perseids
in 1956 differed from the mean activity from the
years 1944—1954. If we assume that this was
not the case, we should conclude that the ratio »
of the Perseids drops by about 0.2 (from 2.6 to 2.4)
within an interval of 5 magnitudes (from -3
to }-8).

The reality of this decrease may be also checked
in another effect, using the difference between the
average magnitudes of shower and sporadic
meteors. As is seen from Table VIII, the difference
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M, —DM_ increases with x, — »_. For the
naked-eye data from the Perseid period (Table X1T)
we obtain:

M,=258 M_=325 M,—M_=—067

For the telescopic observations of the Perseids
1956 we have:

M, =697, M_=28.06 M,—M_=—1.09.

Accordingly, », of the telescopic Perseids should
amount to 2.0 or 2.1 only. This figure is, however,
subject to considerable uncertainty owing to the
small number of shower meteors included. Our
considerations are still based on the assumption
that »_ is a constant; if »_ decreases with decreas-
ing brightness, as indicated by some telescopic
observations (Williams 1939, Kresakova and
Kresdk 1955), then x, decreases even more
rapidly than »_. {

Another way of obtaining information on the
reality of the decrease of x, consists in the compa-
rison of the magnitude distributions of meteors
derived from observations with different instru-
ments. Such simultaneous observations were
secured at the Skalnaté Pleso observatory during
the 1959 Perseid return. They included 912 magni-
tude estimates, among them 712 observations
with the naked-eye, 118 observations with the
telescope AT-1 (diameter 5 cm, magnifying po-
wer 6), and 82 observations with the binoculars
Somet-Binar (diameter 10 cm, magnifying po-
wer 25).

The respective magnitude distributions are
shown in Figure 12. The naked-eye observations,
where the discrimination of shower meteors is
more reliable, were treated separately for shower
and sporadic meteors. The upper two histograms
reveal distinct differences between the magnitude
distribution of the naked-eye Perseids and their
sporadic background, apparent, in particular,
in the shift of the maximum occurrence of the
Perseids towards brighter meteors. The average
magnitudes M, = 2.71and M = 3.19, correspond-
ing to the ratios », = 2.59 and »_ = 3.29, arein
excellent agreement with the results of Table XTI.

The fourth histogram, obtained using 10 cm
binoculars, reveals continuous changes of the
number of meteors with the magnitude, similar
to that obtained from naked-eye observations
but considerably less skew. This could be explained
by a lower ratio » of sporadic meteors; however,
an important selection effect is evidently respons-
ible, at least partially, for the flatness of the
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distribution. The effective collecting area of
a telescope depends on the angular length of the
meteors and hence increases with increasing
brightness (Kresakova and Kresdk 1955). In

X NAKED EYE
PERSEIDS
ZZ N=478
M
-4 0 1 2 3 4 5 6
7é NAKED EYE
SPORADIC
74 N=234
M
-1 0 1 2 3 4 5 6
TELESCOPE 6x50
N=118 7y 73
M

BINOCULARS 25x100
N=82

N e L1y,

1 2 3 4 5§ 6 7 8 9 10 4H

Figure 12

addition the brightness of the faintest telescopic
meteors may be systematically underestimated, as
compared with the brighter ones, due to the
effect of angular velocity (Opik 1955). On the
other hand, an underestimation of the brightness
of the longest meteors, which are usually the
brightest ones, is expected; this is due to the fact
that the point of maximum light of long meteors
more frequently falls outside the field of the
telescope than that of the short ones (Grygar and
Kohoutek 1958). The problem is rather compli-
cated and its analysis is beyond the scope of the
present article. At any rate, the fourth histogram
evidently includes only a very low proportion of
the Perseids and may be visualized as a conti-
nuation of the naked-eye distribution of sporadic
meteors.

The third histogram from above, referring to the
observations with a small telescope 6x 50, is of
special interest. Here, where the number of shower
meteors should approximately equal that of spora-
dic meteors, a bimodal distribution, substantially
different from the others, appears. The first maxi-
mum between 3.5 and 4™ may be tentatively iden-
tified as a result of the contribution of the Perseids,
whereas the second maximum at about 6™ belongs
to the sporadic background. The intermediate
decline of meteor numbers suggests that an
abrupt decrease of », takes place at about M = 5™.

The fact that the telescopic observations, unlike
the naked-eye ones, indicate an abrupt decrease
of », may perhaps be attributed to a much nar-
rower altitude range of telescopic meteors. In the
naked-eye observations the wide altitude range
covered by the observer introduces variable correc-
tions of apparent to absolute magnitudes, which
must partially smooth any curvature of the magni-
tude function. The results demonstrate that small,
low-power telescopes are particularly suitable for
the observation of meteor showers. More observa-
tions of this kind are required to confirm the
anomaly found here.

The main results of this section may be summar-
ized as follows:

(1) The relative contribution of shower meteors,
as compared to the sporadic background, rapidly
decreases with decreasing brightness owing to
a lower ratio x, .

(2) In addition to this effect, even the ratio .
alone seems to decrease as the range of telescopic
meteors is approached. At the same time the
ratio »_ either remains constant or decreases too,
but less rapidly than », .
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(3) The low value of », compared with »_
shows little prospect of obtaining data on telesco-
pic meteors from most major showers in sufficient
numbers for a statistical analysis. The only excep-
tion in the northern latitude zone may be the
Perseids and the Geminids; however, it is just
these two showers that do not provide evidence
of any decrease of », in the naked-eye magnitude
range.

(4) In spite of this, telescopic observations of
the Perseids suggest a decrease of x, between
M = 3™ and 8. This decrease depicts indepen-
dently in three series of observations, using
different indicators of the mgnitude function,
i.e.: (a) the variation of the ratio of shower to
sporadic meteors with the magnitude, (b) the
difference between the average magnitudes of
shower and sporadic meteors in naked-eye and
telescopic observations, respectively, (c) the form
of the apparent magnitude distribution obtained
by the observations with different telescopes.

(5) The observations of the Lyrids, § Aquarids,
Leonids, and especially Orionids suggest that
a moderate decrease of x, takes place also within
the naked-eye magnitude range of these showers,
The present data are insufficient for confirming this
with certainty for individual showers. However,
from the qualitative agreement among all four cases
it seems probable that the effect is genuine.

10. Conclusions

It was demonstrated that the ratio » generally
does not undergo appreciable variations with the
magnitude, but is widely different for meteor
showers and their sporadic background. For this
reason it may be visualized as a characteristic
feature of the internal constitution of individual
meteor streams. It is conspicuous that this para-
meter divides the meteors into two groups—the
members of the major showers and the sporadic
meteors which inevitably include also minor
showers and associations for which x is indetermi-
nate. The ratio » of sporadic meteors does not
undergo seasonal variations, being evidently
independent of the geocentric velocity.

It was shown how the expected magnitude and
altitude distributions for different ratios » can be
derived with the use of auxiliary multiple observa-
tions, yielding the probabilities of perception
for meteors of different magnitudes appearing in
different positions in the sky. By the comparison
of the observed and expected distributions it was
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demonstrated that » may be conveniently determi-
ned from the average magnitudes and altitudes,
provided that homogeneous observations of a repre-
sentative number of meteors is available. Minor
changes of atmospheric conditions and personal
factors may be accounted for by comparing the
average magnitudes of shower meteors and spor-
adic meteors, owing to the seasonal invariability
of the magnitude function of sporadic meteors.

Of the two independent methods, suggested for
the determination of the magnitude function
from naked-eye observations, the method based
on the observed magnitude distribution is distinc-
tly preferable to that based on the altitude distribu-
tion. Figures 13 and 14 present the final results
concerning the relation between », M and H for

A

20 T T T
24 26 28 3.0 32 34
Fijure 13

shower meteors (full circles) and their sporadic
background meteors (blank circles). The lower
sensitivity of » to the altitude distribution is
illustrated by a considerably greater dispersion
of the points and, in particular, by the narrow
range of average altitudes corresponding to appreci-
able changes of x; also systematic errors are
more interfering in this case.

With regard to the unequal weight of the two
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determinations we may tentatively adopt, as the
best value of x,

% = 0.8x(M) + 0.2x(H). (27)
These final values for individual showers are
shown in Table XXVII, compared with Levin’s

M

— A
48

Figure 14

results (1953) based on Hoffmeister’s data. The
second part of the table gives the values of the
mass exponent s, assuming that

s=1+4 2.5log x. (28)
Table XXVII
X S

%y % Levin | s, 8_ Levin

(1953) (1953)

Lyrids 3.1 3.6 1.7 2.25 | 2.40 1.60

7 Aquarids 2.4 3.3 2.3 1.95 | 2.30 1.90

d Aquarids 2.8 3.3 3.7 2.10 | 2.30 2.40

Perseids 2.6 3.5 2.5 2.05 | 2.35 2.00

Orionids 2.9 3.5 4.0 2.15 | 2.35 2.50

Leonids 2.6 3.3 2.4 2.05 | 2.30 1.95

(Geminids 2.7 3.3 3.4 2.10 | 2.30 2.35

all shower

meteors 2.6 2.3 2.10 1.90
all sporadic

meteors . 3.5 3.0 2.35 2.20

The agreement with Levin’s figures is good only
for the  Aquarids, Perseids and Leonids; other
cases are rather discordant, in particular for the
Lyrids and Orionids. The ratio ».[x_ for the total
of shower and sporadic meteors agrees well: 0.77
(Levin) against 0.74 (this paper). In our data no
shower with x», greater than x_ is found, whereas
in Levin’s data three examples of this kind are
present. It must be pointed out, however, that
no discrimination among the sporadic backgrounds
of different showers is made in Hoffmeister’s data,
and hence it was impossible to obtain a check
on the variation of atmospheric conditions to
which the observed magnitude distribution is
sensitive. Some of Hoffmeister’s observations were
obtained during his expeditions into the southern
hemisphere, apparently under different atmo-
spheric conditions than the remainder. A seven
times greater number of magnitude estimates
used in the present study is perhaps another
reason why our dispersion of x» for individual
showers is much less than that found by Levin.

Our results agree fairly well with those of
Grygar, Kohoutek and Kviz (1962) as far as only
naked-eye meteors are concerned. On the other
hand, Kviz and MikuSek (1958) find a much
higher value of »_ (about 5.6) from their telescopic
observations. The reason of this discrepancy is
obscure.

The study of the magnitude function within
individual showers poses two main problems:
(a) how the ratio » varies with the position within
the stream, and (b) how the ratio » varies with
the magnitude. A detailed account of our results
in these directions need not be repeated here, as
they are summarized at the end of sections 8 and 9.
Unfortunately, none of the anomalies appears
to lie far from the threshold of detectability by
naked-eye observations. On the whole, it may be
inferred that regions with an increased proportion
of larger particles are actually present in many
meteor streams. In long-periodic retrograde
streams, which are not heavily perturbed by the
major planets, these regions are generally situated
around the parent comet’s orbit. In short-periodic
streams of low inclination, where the planetary
perturbations affect the meteor orbits more perma-
nently, these regions appear to be distributed
within the stream rather irregularly. For the
Orionids an increase of » at the inner boundary .
of the stream, consistent with a separation by the
Poynting-Robertson or corpuscular drag, is sug-
gested. Assuming a constant ratio » for sporadic
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meteors (this is reasonable with regard to their
velocity dispersion) a slight decrease of x with
decreasing brightness is indicated in most showers.
Even where the naked-eye observations yield
a negative result (the Perseids) the telescopic
observations suggest a decrease of » leading to
arelative lack of faint shower meteors.
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M. KPECAHOBA

PACIIPEOIEJEHUE METEOPOB IIO 3BE3/JHOI BEJIUYUHE
B METEOPHBIX IIOTORAX

Ncemepyercs pacopeielieHue 10 3Be3{HOM Bey-
YIHe METeOPOB OTMENBHEIX MOTOKOB. PaboTa ocHO-
pana Ha 48 000 ompepenenmii 3Be3MHOH BeTHYMHEI
n 28 000 ompepneneHEmit BEICOT METEOPOB HaJ ropH-
30HTOM, moiyueHHHX ¢ 1944 r. mabmomaremamm
Crampuare [lmeco mpm 45 BeTpedyax ¢ IJIaBHBIME
MeTeopHEIME ToToKaMu (Jlmpmasl, n-AxBapmpuE,
é-Axsapuapr, [lepcemnsr, Opmommpsr, Jleommpg,
Tlemununer). IlapannenbHble HAGMIONEHHA II03BO-
_JIMJIA OIpENIeIuTh 3aBACHMOCTh BEDOATHOCTH Ha-
GIIOEHAS OT APKOCTH M NOJIOKeHWA Ha Hebe oT-
mempHOTO MeTeopa (pue. 1 m 3); 3Ta 3aBHCHMOCTD
ACIOIL30BaHAa IS OIpEfesIeHAs 0KAIaeMOT0 pac-
npefeneHns HaGIOJaeMEX METeOPOB IO 3BE3JHOM
BeJIMYMHE W BHICOTE IJIA PasHBIX % QYHKIUM CBETH-
moct THna AN ~ »MdM. CpaBHeHme BBHIYHCIIEH-
HOTO U HabJjomaeMoro pacupepeienuit (puc. 4 o 8,
rab6a. X, XI, XX n XXI) no3Bosser onpeennTs »
IJIA OTAEIBHBIX IOTOKOB, KOTOPEIE IOCIIe OLpeselie-
HuA Beca obenx meTonos npuBeqers BTabn. X X VII.
Mertox, OcHOBAHHEIN Ha CTATHCTHKE 3Be3JHEIX BeJIH-
9@H, OKA3aJCsA CYLIeCTBeHHO YyBCTBUTEILHEE METO-
Ja OCHOBAHHOTO Ha CTATHCTHKE BHICOT METOJA.

VsMeHeHHs 3HAYCHAS % DU H3MEHEeHAH 3Be3THOR
BeJINYMHE He cymmecTBeEHE. C IPYyrod CTOPOHEI
BEIpA3MTENIbHEIE PA3INYAA OKA3aJMCh MEKY BeJld-
YHHAME % JJI METEOPOB TJIABHEIX IOTOKOB H JIJIA
METeopOB CHOPAaAEIecKOro GoHa, B KOTOPHIA BRIIIO-
9eHH TaKKe MeTeopHl CJIa0HX IIOTOKOB M acomma-
mumit. [IpumegarenbHO, 9TO QYHKOUA CBETHMOCTH
CHOpaJMYecKIX MeTeOpOB B TeUeHHE TOfa He m3-
MEHSIeTCS, 9TO ¢ OJHOH CTOPOHHI MOKA3HBAeT Ha ee
HEe3aBUCEMOCTH OT TEeONMeHTPHYECKOH CKOPOCTH,
a ¢ APYTo#l CTOPOHHI MPEJOCTABIAET MEeHHEA KOH-
TPONlb ANA ompefeleHHsa QYHKOWHE CBETHMOCTH
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METEOPHHIX 1I0TOKOB M3 HOJIYy9YEeHHBIX NP Pasiimy-
HEIX aTMOCQepHHIX ycioBuAX HaOmogenmi. Yme-
JIeHHBIe 3HAYEHWS % [JIsI BCEX 7 KCCIIEeJOBAHHEIX
METeOPHHEIX MOTOKOB CYIECTBEHHO MEHbINe 3HaYe-
HAA % [ METeOPOB HX CHOpPAafddIecKoro oHa —
npubamsurearHo 2.7 @ 3.5 COOTBETCTBEHHO — U
obHapyREBaeT MJIA METeOPHHIX HOTOKOB O0JbINmit
pasbpoc B CPaBHEHHW CO CIOPANAICCKEMEI METEO-
paMu. ITUM PE3yIBTATOM HONTBEPIKIACTCH TaKMKe
HOPA3HTENHHOE OTCYTCTBUE METEOPOB MOTOKOB IIPM
TEIIeCKONWYECKAX HaOIONeHUAX.

C TOYKHE 3peHUsA IBOIIONUYN METEOPHEIX HOTOKOB
O9YeHb BAJKHEL CTPYKTYpPHEE pasnmdud B PyHKIAA
CBETUMOCTH [JIsI OTJEIBHEIX MECT HCCIIeyeMOro mo-
TOKA I M3MEeHEHWS KPYTU3HH QYHKIHE CBETHMOCTH
IS pa3NIMYHBIX 3Be3HEX Beaumuna. OTHOCHTEIEHOE
q¢I10 GOMBIIAX YACTUI] MEJIEHHO A3MEHSETCS C 10~
no;keHmeM B poe. Ilia monronmepmofmuecKHxX poes
¢ o6paTHBIM [BH)KeHMeM, KOTOPEe He TaK CHJIBHO
BO3MYIIEHH OJIaHETaMH, O00JIbIIEe FaCTHIE COCpe-
IDOTOYEHE, TJIaBHBIM 00pa3oM, BIOJIH OPOHUTHL KO-
MeTH-PO0HaYaIbHANEL, B TO BpeMA KaK ¥ KOPOTKO-
OepHOAMYECKAX POEB ¢ HeGOJIBIIMM HAKIIOHEHHeM
op6rT, ¥ KOTOPHX Bo3MyIIeHnsA 6ojIee HOCTOSHHOTO
Xapaxrepa, 6oibIIme JacTHIBL CO3TAIT CKOpee He-
OpaBUIBHEIM 00pas3oM pacOpefeeHHEE IOTOKM.
IoBnimenne gncaa c1abBX METEOPOB HAa BHYTPEH-
HeM Kpam pos, KoTopoe TpedyoT sdpdexr IloinTra-
ra-Pobeprcora m KopmyckyasapHH .a@dexT, mpo-
AsiseTcs c1ab0 ToJIbKo B poe OpmoHUy, y KOTOporo
OJHOBPEeMEHHO HamboJIee BEIPa3UTEILHOE MafieHne %
C IOHWKeHHEeM 3Be3HOH Benmanusl. [[na Goabmme-
CTBa IOTOKOB OKAa3HBAETCHA TOMKIECTBEHHHIM 06Imee
DOHMKeHHe % B HampaBjieHAW Oojiee cIa0HX Me-
TeopoB. ITOT 3PPeKT He ABIAETCA JOCTATOTHO BEHI-
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pasuTeIbHEIM, 9TOOB Ha OCHOBAHMM CYIIECTBYIO- IJIa30M HAWIIYYIIHM 00Pa30M COOTBETCTBYIOT HOCTO-
mero Marepmajia OKa3asloch BO3MOKHEIM [0KasaTh AHHoMY 3Hadenumio x (Ilepcempmsr), mpm remeckomu-
ero ¢ yBepeHHOCTBIO IS OTAENBHEIX HOTOKOB. [lajke  d9ecKoM HaOII0leHAN IOKA3EBAET 3HAUATEIbHOE O~
HOTOK, JI7isi KOTOPOT0 HabII0Ie NN HeBOOPY/KeHHbKIM  HIDKeHHe » B o6macTn Goiee ciaGEIX MeTEOPOB.
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M. KRESAKOVA

ROZDELENIE METEOROV PODIA VELKOSTI V METEORICKYCH
ROJOCH

V praci sa skiima rozdelenie meteorov podla
velkosti v réznych meteorickych rojoch. Za zaklad
slazi asi 48 000 odhadov jasnosti a 28 000 odhadov
vys$ok meteorov nad obzorom, ktoré sa ziskali
na observatdriu na Skalnatom Plese od r. 1944,
podas 45 navratov hlavnych meteorickych rojov
(Lyridy, #» Akvaridy, 6 Akvaridy, Perzeidy,
Orionidy, Leonidy, Geminidy). Dalsie simultdnne
pozorovania umoznili odvodit zavislost medzi
pravdepodobnostou zbadania meteoru, jeho jas-
nostou a polohou na oblohe (obr. 1 a 3); tato za-
vislost sa pouzila na konstrukciu o¢akavaného roz-
delenia pozorovanych meteorov podla zdanlivych
jasnosti a vySok pre rdzne funkecie jasnosti tvaru
dN ~ %M dM. Porovnanie vypoétu s pozorovanim
(obr. 4 a 8, tab. X, XI, XX a XXT) dalo hodnoty x»
pre jednotlivé meteorické roje, tak ako si po
ovéhovani oboch metéd uvedené v tabulke XX VII.
Metéda zaloZend na Statistike jasnosti sa ukézala
podstatne citlivej§ia ako metéda zaloZend na
statistike vySok.

Zmeny velidiny x» s magnitidou nie st podstatné.
Naopak, velmi vyrazné s rozdiely v jej hodnote
pre hlavné meteorické roje a ich sporadické
pozadie, v ktorom s pochopitelne zahrnuté
islabgie roje a asociacie. Je pozoruhodné, zZe funkcia
jasnosti sporadickych meteorov sa v priebehu
roka nemeni, ¢o jednak svedéi o jej nezavislosti
od geocentrickej rychlosti, jednak poskytuje cennd
kontrolu pri uréovani funkcie jasnosti rojovych
meteorov z pozorovani pri réznych atmosferickych
podmienkach. Pre vSetkych 7 skimanych meteo-
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rickych rojov je numerickd hodnota » podstatne
ni#Sia ako pre ich sporadické pozadie — okolo 2.7
proti 3.5 — a vykazuje medzi jednotlivymi rojmi
vissi rozptyl ako medzi sporadickymi meteormi.
Tento zaver potvrdzuje i ndpadny nedostatok rojo-
vych meteorov pri teleskopickom pozorovani.

Pre problémy vyvoja meteorickych rojov s
dolezité Strukturdlne rozdiely, prejavujice sa od-
lisnym priebehom funkcie jasnosti v réznych
dastiach toho istého roja a vo zmenach tvaru
funkcie jasnosti s velkostou meteorov. Ukazuje sa,
Ze relativne zastipenie vidSich diastoliek sa
mierne meni s polohou v roji. V dlhoperiodickych
retrogradnych rojoch, menej rusenych planétami,
zoskupuji sa vidSie diastotky prevaine pozdiz
drahy materskej kométy, kym v kratkoperiodic-
kych rojoch s maélo sklonenymi drahami, kde
poruchy maji trvalejsi charakter, vytvaraju skor
nepravidelne rozloZzené priudy. Zvysenie poétu
slabych meteorov na vnitornom okraji roja, aké
vyZaduje Poynting-Robertsonov a korpuskuldrny
efekt, prejavuje sa mierne iba v roji Orionid, kde je
aj najvyraznejsi celkovy pokles faktoru » s kle-
sajicou jasnostou. Vo vidéSine rojov sa zhodne
ukazuje pokles x» smerom ku slab$im meteorom.
Tento efekt nie je dostatoéne vyrazny na to, aby
sa na zéklade existujiceho materidlu dal bezpedéne
dokdzat pre jednotlivé pripady. I roj, pre ktory
pozorovania prostym okom najlepSie vyhovuji
kon$tantnému faktoru x» (Perzeidy), ukazuje pri
teleskopickom pozorovani zretelny pokles x» v ob-
lasti slabsich meteorov.
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