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§ 1. If we consider the methods of observing Shooting
Stars used at present, we are forced to acknowledge, that from
the statistical point of view they are imperfect. The number

" of meteors is ordinarily recorded by a simple process of coun-
ting, where various personal and atmospherical factors are liable
to alter the result completely. These factors are: 1) variations
of the transparency of air and of the sky-illumination, affecting
the result by adding or eliminating numerous faint meteors near

‘the minimum visibile; 2) the acuteness of the observer's
eye; 3) the incompleteness of the counting process; if two persons
are observing simultaneously the same region in the sky, the
meteors- recorded by one observer will not all be seen by the
second and vice-versa; the percentage of common objects decrea-
»ses as the brightness diminishes. - This indicates that not all
meteors are perceived by one and the same observer, the Per-
centage of Perception depending upon the apparent lumi- -
nosity ; 4) the zenith-distance z of the observed region; neglec-
ting the curvature of the earth and assuming a mean effective
height for the meteors, it is easily ascertainable that the hori-
zontal area covered by a constant solid angle varies as the third
power of Secz, while the apparent brightness decreases as the
second power of Secz; thus, observations at various zenith-dis-
tances, for instance — of the same region at different hour-
angles —, are quite incomparable ; near the horizon we shall count
luminous meteors upon a large area, near the zenith — faint
meteors upon a small one; if, nevertheless, the results are usually
alike, this is explained by the ,Luminosity-Curve of meteors:
faint meteors are more numerous than luminous ones, and this
roughly counterbalances the effect of decreasing area; such an
apparent constancy of meteor-numbers at various zenith-distan-
ces conceals a non- homogenelty, contradicting the principal law
of statistics.

At the same time the importance of accurate statistical
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data concerning meteors is obvious; the Radiant furnishes us
some of the orbital elements of a meteoric stream; but its period
of revolution remains unknown unless statistical data are taken
into account: there must appear some periodicity of the number
of meteors. For streams like the Leonids or Andromedids exhi-
biting an enormous maximum of strength the problem is easly
solved ; but if the stream has no excessive maximum, then more
accurate data are needed. For cosmogonical and other problems,
where the part played by meteorical matter is to be estimated,
the knowledge of the true number of meteors encountered by
the earth is of no little importance.

For all these reasons it seemed advisable to apply a more
rigorous statistical process to the counting of meteors; the
method, which will be described below, may be called ,The
Double Count Method*.

Let us imagine that two observers watching simultaneously,
but independently a given region in the sky record data suffi-
cient for identification of their meteors; then the Theory of
Probability permits us to calculate the probable true number
of meteors which have appeared within the region. Let =,
and », be the numbe?s of meteors recorded by the observers,
p, and p, — their Coefficients of Perception, m» — the number
of common objects; the observations being independent, we
may write

m=p ny=pang (1), or

m m
= and = (2).

The True Probable Number N will be given by

N=Ta_ T _TTe (g
P D2 m

Actual observations have indicated that the coefficients p -
depend upon the apparent brightness of the meteor and its
position within the region; the above equations are therefore
correct only for a homogeneous group of meteors, i. e. of
approximately the same brightness and appearing within a limi-
ted part of the region.

If there are more than two simultaneous observers, the
equations will be modified. Let % be the number of observers,
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7y, Mg, . ... ni their records, p,, ps, .... pr — the Coetficients

of Perception, ms; -— the number of common meteors of any

two observers % and 'i; then for p, we obtain —1 different

values: p1=@; p1=@; p1=-@. Attributing to each
. n2 "23 nk

value a weight equal to the divisor, the weighed mean results as

_metmpgt. o mp D .
B Mgty ... A Znain=zs, ..k @), o,
generally o

Zma
i=-——
211;;&}.:1, 2, ...i—1, 841 ...k

» 4h. |

The probable error of a value of p will be
_ pil—p) g
p. e.-—i0,674l/ S @,

* Let 8 denote the number of different meteors, recorded
by all observers, N — the.true number; then N—S§ is the
- number of meteors which have remained unobserved; in virtue
of Probability one may write N—S= N (1—p,) (1—p2) . . .. (1—ps),
whence

8

= 5).
1—(1—p) (T —po) ... (1 —px) ©®)
The probable error of ¥ will be

N

p. e.=+0,674 N (5Y).

Vs

The brightness of meteors is ordinarily recorded in stellar
magnitudes; as will be shown later, these estimated magnitudes
form a satisfactory photometrical scale — if only some pre-
cautions (choice of comparison-stars etc.) are taken. The Sta-
tistical Treatement required the reduction of the observed appa-
rent brightnesses to some standard distance; the height of the
individual meteors being unknown, it seemed advisable to use
the reduction to the zenith. Let the Zenithal Luminosity and
Zenithal Magnitude denote the apparent brightness or magnitude
‘of the meteor seen from a distance equal to its mean height1).

1) For simplicity’s sake we will suppose the whole meteor condensed
into a point at the middle of its visible path.
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If ¢ is the apparent, ¢, — the Zenithal Luminosity, 2 — the
zenith distance of the middle of the visible path, we may write:

to=1. F?8ec?z (8),

where F, a factor depending upon the curvature of the earth,
is determined by (7) or (7%):

[ =

Qos® z

2 ‘
F=1~§Rtggz+%€38(ecéztg2z~f ..... M;

R here denotes the radius of the earth, # — the height of the

middle of the trail; an approximate value of the last quantity

will be sufficient. .

The Zenithal Luminosity is analogous to the Absolute Lumi-
nosity of stars; there exists, however, a difference: the standard
distance of the meteors — their height — is not constant; but
for meteors of the same shower the conception of Zenithal Lumi-
nosity is practically definite enough.

The intensity of a meteoric shower must be reduced to
some unity of area. The difficulty is here the same as in the
case of Luminosities: the height of the trail is generally un-
known. Let do be an infinitesimal solid angle at the zenith
distance 2, ds — the corresponding horizontal area at a height
H above the earth’s surface; then

ds=H?F?Sec?zdo F' (8),
where F is taken from (7) and F' given by (9):

H
112
F= 2l (9.

Let us introduce a somewhat peculiar unity of area — a
Zenithal Square Degree; this term will denote a horizontal area
at the height H, covering at the zenith a solid angle equal to
oune square degree; let the symbol ,2°[]“ correspond to it.
For H=100 kilometers 1:2°{] coyersapproximately\ 3 km? If
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we express do in square degrees and put H=1, formula (8)

will then give ds expressed in 2°[]. .
Table 1 contains the values of # Secz and F', computed
for H=100 km, refraction not having been taken into account.

Table 1.

Z | FSecz F Z | Flecsz F

00 1.000 1.000 780 4.19 3.71
i0 1.016 1.015 80 4.78 4.09
20 1.063 1.062 81 5.13 4.30
30 1.152° 1.149 82 5.52 4.51
40 1.298 1.291 83 5.98 4,72
50 1.538 1.524 84 6.49 4.93
60 1.956 1.914 85 7.07 5.14
65 2.288 | 2216 86 7.74 5.32
70 2.771 2.640 87 8.49 5.49
72 3.029 2.850 88 9.35 5.62
74 3.340 3.095 89 10.29 5.70
76 3.718 3.380 90 11.36 572

|}

§ 2. To test the method observations were organized at
the observatory of Tashkent near the maximum of the Perseid
shower of 1920. Under the dictation of the observer an assis-
tant wrote down the following data: 1) the time with accuracy
to 1 second, from a sharp signal of the observer; 2) the apparent
magnitude; in various parts of the region under observation
comparison-stars up to the 5-th magnitude were chosen. Imme-
diately after the apparition of the meteor the observer watched
the nearest star and made his comparison; the record was thus
almost freed from the effect of atmospherical absorption, the
latter acting equally upon the meteor and the comparison-star;
8) the position within the region — ‘the nearest star was recor-
ded; 4) the direction of the meteor’s path, reckoned from a
fixed line (a—y Andromedae), to 45°; 5) the length of path;
6) the duration; 7) the colour. Only the first four data are of
importance, the remaining being of a subjective nature.

The middle of the chosen region was at @ = 2240™, ¢ =} 40°
— between £ Persei and y Andromedae: the diameter of the
region was approximately 60°.

The persons who took part in the observations were: M-r
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Davidovitsch, astronomer of the observatory, M-r Komarevsky,
professor of mathematics, M-r Betger, M-r Zuckervanik (obser-
vers); M-r Starker, Miss Lein, M-rs Limarev, M-r Pauly (assi-
stants). M-r Davidovitsch (assistant M-r Starker) traced the
paths of the meteors on a map; the three other observers toge-
ther with their assistants were occupied with the Double-Count
observations. For brevity’s sake we will denote with the follo-
wing lelters the four pairs of observers thus formed: 4 (obser-
ver M-r Komarevsky), B (M-r Betger), ¢ (M-r Zuckervanik) and
D (M-r Davidovitsch). I am indebted to M-r Davidovitsch for
conducting the observations during my absence.

Complete observations took place from August 9-th to
Aug. 13-th, between 12°—15" Tashkent M. Time; every night
these 8 hours were divided into three intervals of time of nearly
50 minutes each with a pause of 10 minutes between., The
observers were located 100—200 meters apart from one another;
loud signals marked the beginning and end of the observations.

The total number of different meteors employed in the
-reduction and seen by 4, B or C, was 629; many of them were
recorded by more than one observer, so that the number of
records made use of attained 1000. The number would have
been greater but for several meteors rejected, seen without the
boundary of the region. There should be added 170 meteors
traced upon the map by D, not included in the above number.

From meteors observed by two or more observers, which
we shall henceforth simply call ,Common“ meteors, systematical
errors might be derived. The most important are systematical
differences of the estimated magnitudes. Among the observers
M-r Davidovitsch possessed considerable experience in photo-
" metrical observations, while the others were amateurs, observing
for the first time, Thus it seemed advisable to reduce all esti-
mations to the photometrical system of M-r Davidovitsch or to
the ,system D“. The systematical differences as determined
from the Common meteors were:

Observer Difference "

St. Mg

D—A | +0444005 | 85
D—B | +037+007 | 84
D--C | —003+005 | 81
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On the basis of this table the following reductions of the
estimated magnitudes were assumed:

A=-}0m4; N\ B=-}-0m4; A C=0m0.

Fifty meteors were observed simultaneously by all four
observers and these allowed of the determination of the pro-
bable “error of one magnitude-estimation separately for each
observer. Let /\, A A and A be the mean square deviations
of the observers D, 4, B and C respectively, A, _,, Ao o Do_s
the mean deviations of the differences D—A4, D—B, D—C, and
Aoy 5 ¢ the mean square deviation between D and the mean
from the estimations of the remaining three observers (for mete-
ors observed fourfold); then we obtain the following equations:

D D=0 D D=0 D A=A

N+ A2 A
Atz)+ 9 = Ag—l, 2,8

The quantities on the right-hand side as determined from
the Common meteors were; A, ,==0.74; A, ,=+0.92;
Do_s=1F0.76; /\, | , ,=110,60; from these the unknown quan-
tities A\, ., and the corresponding probable errors were obtai-
ned: they Were

Observer PSrt e;;:‘r Weight
D +0.29 3
A +0.39 2
B +0.53 1
c +0.40 2

The best estimations are those of D, as might have been
expected. Observer B gave his magnitudes without decimals,
whence the great probable error. Observers 4 and C wrote
their magnitudes to 075, and D — to 0m92 — ™3,

From inspection of the systematical and accidental errors
the conclusion may be drawn that visual estimations of the
brightness of Shooting Stars possess a degree of accuracy higher
than could be expected. for such difficult objects, moving and
seen only during a fraction of a second.

i
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The errors being considerable, it seemed useful to take
into account a sort of ,Decimal Equation“: the decimal .0 is
recorded more frequently than other decimals. This is clearly
seen from the following table, containing the number of records
of various magnitude-classes for 4 and €. The smoothed num-
bers are taken from a hand-drawn curve.

L

Table 2. Number of Meteors.

Recorded ) 05| 1.0 | 15| 20 | 25| 30| 35 | 40 | 45 | 50 | Total

Magn.

A { Recorded 6 16 | 21 77 | 36 | 47 | 20 | 13 1 2 239
\Smoothed| 6 | 15 | 84 | 52 | 52 | 40 | 25 | 12 | (1) | (2) | 239

fRecorded 5 9 | 14 | 31 | 83 | 49 {32 | 39 | 15 3 230

\Smoothed| 5 | 8 | 18 | 27 | 38 | 44 [ 38 | 32 | 18 | 2 230

The magnitudes of D (170 meteors) and the mean magni-
tudes of the Common meteors (306 objects) did not exhibit any
preferred decimal. ,

To obtain smooth statistical data a part of the meteors
noted by the observers 4, B and C in round magnitudes should

Table 3.
Bquivalent quantities replacing 1 recorded meteor.

Normal
Recordei~Teen- | 05 | 1.0 | 15| 20 | 25| 30 | 35 | 40 | 45
Magn.

2.0 0.16 | 0.68 | 0.16
3.0 0.07 | 0.85 | 0.08

1.0 0.00 | 093 | 007
A
4.0 0.08 | 0.92 | 0.00

025 | 050 | 0.25
0.25 | 0.50 | 0.25
025 | 050 0.25

0
B 120
.0
.0 025 | 0.50 | 0.25
.0
.0
0
.0

1
2
3
4

0.00 | 0.90 { 0.10
' 0.10 | 0.87 | 0.03 ‘
0.08 | 0.90 | 0.02 .
013 | 0.82 | 0.05

c

l
l
I
l

1
2
3
4
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be transferred to the neighbouring classes (with the decimal .5);
for this purpose each meteor with the decimal occurring too
frequently was decomposed into three equivalent quantities,
referred to the adjacent classes and chosen so as to transform
the recorded numbers of table 2 into smoothed numbers. Table 3
contains these quantities. Owing to the fact that the observer
B did not write decimals, his meteors were equally distributed
between the recorded and adjacent magnitudes. '

The quantities of table 8 were used only for meteors per-
ceived by a single observer; such meteors, with the decimal o,

formed about i— of the total number.

The records of position were also subject to systematical
errors. The observer marking the nearest star, should reckon
from the centre of the visible path of the meteor; but observers
4 and B preferred the beginning, observer C — the end of the
trail; it is shown by the following table, obtained by comparison
with meteors simultaneously traced upon the star-map.

Number of cases, when the star was

Observer nearer to: Total
The Beginning| The Middle L The End { -

A 28 2 11 41
B 36 2 5 43
c 8 4 29 41

~

The whole region was divided into 18 Settions; table 4
gives the coordinates of their centra, the mean distance from
the Perseid-Radiant (¢) and the solid angle . :

The designation of position by means of the nearest star
did not prove satisfactory; in several cases there remained some
douMt as to the section to which the meteor belonged; in these
cases the doubtful meteors were distributed between the neigh-
bouring Sections proportionally to certain factors, depending
upon the position and the observer and found empirically by
comparison with meteors-traced on the map. Had the observers
employed from the beginning Sections limited by lines joining
definite stars, these difficulties would have been avoided.

As to the direction of the path, this was also controlled
by the meteors traced upon the map. The records sometimes



12 \ E. OPIK AL

Table 4.
Section | Coord. of Centrum 0 g Stars or Constellations Contained
a 1920 ¢ Sq. Degr. In Each Section.
0 0 0
I 8.3 62.6 20 388 Cassiopeja
11 349.5 4.8 35 264 A Andromedae
I 13.4 45.9 23 197 | between Cassiopeja and Andromeda
v -19.0 - 36.8 26 256 y—p Andromedae
v 30.7 25.1 33 -359 a—y Arietis, Triangulum
VI 0.2 27.3 | 43 223 o Andromedae
VII 49.6 217 | 33 316 n Tauri, § Arjetis
Vi1 48.3 37.9 18 269 8, & ¢ Persei
X 424 53.3 6) 250 8, z Persei
X 80.4 38.0 31 301 Auriga
X1 65.6 43.9 18 222 between Perseus and Auriga
X1I 54.1 654 | 10 232 | Cameleopardalus’
X1 140 | 120 48 500 Pisces

revealed considerable divergences, as may be seen from the
following numbers: ~

Number of
Observer | Comparisons
with the Map Number | Percentage

Errors greater than 45°

A 87 ' 3 3
B 87 15 . 17
c 82 19 23

The best records are those of 4. The other two observers
committed several errors of 180° which may be accounted for
by momentary loss of orientation. '

The Time was read from chronometers, the probable error

of one record was +0,7. Errors of 2° and more occurred: for

A in 0%, of all cases, for B — in 149, for C — in 19/, and
for D — in 89/,; such errors are partly due to occasional retar-
dation of the signal.

With the aid of the data recorded the identification of

the meteors was executed. It is of, interest to estimate the

probable number of false identifications. The Probability of a
false identification for each record separately was: 1) in the
Time divergences up to 3¢ were admissible; the mean interval

between two meteors was 80°; thus the Probability of fortuitous

fi
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o 3
coincidences was 0= 27,

did not exceed 2m¢; the total interval being practically about 4™,

2) for the magmtude the discrepancies

the corresponding probability results as %: 1. 3) the 13 Sections

give the Probability of coincidence in position as — 1 5 approxi-

mately ; 4) if the position is given, the direction of the trall cannot
be regarded as an independent quantity for meteors belonging
to one shower and shall therefore be omitted here. The total

Probability of a. false identification will be -5 5=

the 600 meteors in question that means maximum 1 false
identification. Even this must be regarded as exaggerated
because if all records would exhibit simultaneously their grea-
test admissible deviations, the identification would not take place.

§ 8. From a preliminary treatment of- the data it appeared
that the Coefficient of Perception p may be represented as a
product of two factors:

p=xnm (10)

7, . the same for all observers, being a quantity depending only
upon the apparent magnitude, and # — an individual function,
depending upon the observer and the position within the region;
these quantities we may call: y — the Magnitude Function
and @& — the Coefficient of Attention. It was possible to find
them from the observational data by successive approximation.
A priori it was evident that the Magnitude Function should
decrease with increasing magnitude ; the preliminary treatment
revealed that the decrease began at m =27 approximately;
thus it was assumed that for m <2.7y=y,=1; for six succes-
sive magnitude classes the following notations for y were assumed:

m

St. Magn. < 2.7 3.0 3.5 4.0 4.5 5.0
System D
b4 (=1 xn X2 Xs 14 %

The whole region was divided into 3 great parts, called
K, L and M; K contained Sections I, III, IV, V, VIII and IX:
L — Sections I, VI and XII; M — Sections VII, X, XI and
XIL. The average Coefficients of Attention for these parts were
denoted as:
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Observer A B c
ot Rogion Coeff. of Attention
K 4ol Tt T3
L Ty 7Ty g
M T g o

The values of y and & were regarded as independent
unknowns to be determined; the total number of unknowns -
was thus 549=14. Each observer, class of magnitude and
part of region gives one equation of the form (10), where p is
determined from the observational data with the aid of formuls
(4%); the number of equations will then be 36 X 8 =54.

The observational data are collected in table 5. A4, B and
C denote the number of meteors, seen by the corresponding
observer alone; AB — the number of meteors seen simultane-
ously by 4 and B, ABC — by all three observers etc. From

Table 5.
Magn. .| 9713035 |40|45|50|<27/30(385]|40]45]50
Syst. D
Part K (341 meteors) Part L (160 meteors)
A 8 8| 114 12| 13{ 12| 12 70 6] 6| 3] 1
B 4 {10} 16] 14} 13} 10] 3 21 4| 5] 7! &
C 8 8| 12| 14| 10| 3| 1 3| 8| 9| 8] 1
AB 9 5110 8/ 0| o] 3 3] 2 1| 1| o
AC 7 3| 6| 4| 1] of 3 3| 3| 2| 2] 0
BC 3 3| 6| 8| 2| 3| 4 2| 4, 2| 1] 0
ABO | 36 | 22| 15 3| 1| of 19 5 4| 3| 0] 0
8 75 | 59| 76| 631 40| 28| 48 | 25| 81| 28| 22| 6
Magn. -} 97130|385|40]| 45! 50
Syst. D -
Part M (128 meteors)
A 17 91 8| 5) 2} 0
B 3 4| 6| 5| 4| 4
c 37| 4] 5 51 4| 0
AB 6 71 1] 2| 0| 0
AC 4 1| 2/ 0] 0] 0
BC 2 2| 0 1| 0] 0
ABC 5 4l 20 11 0 0
K 40 | 31| 24 19| 10| ¢4
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these quantities the numbers occuring in formulae (4) and (5)
are easily found; e. g., S=4+4 B+ C+ AB-+ AC+ BC-+ ABC;
ny=A-+AB+ AC+ ABC; my=AB -+ ABC. The numbers 4,
B and C have been smoothed to avoid the decimal equation.

 The equations for the determination of the unknowns
assume the form :

remg =" (P),

where a=0,1,2,...5, and 8=1, 2,...9; r and s are the
abbreviated designations of the sums occurring in formula (4%).
The weight of each equation was assumed equal to the denomi-
nator s, representing the number of observations on which the
value of p=yxa is based. The equations themselves are con-
tained in table 6.

Table 6. System of Equations (P).

~
Magn. =27 39 8.5 4.0 4.5 5.0
Obser-| (yo=1)
ver
A _ 88 __ 52 _ 46 18 _ 8 _ 0
Part of M= qog MM T re | M A= gg 1 B g9 | M= 35 | Tl = 15
Region
BB |aa® i, 22, 8 2 4 3
”2—114 7’2%1—74 n212—81 n2%3“‘56 7‘29(4—29 22(5—18
¢ lmo Bl 0, el 18 5| 3
g = 112 g 1= 78 w3 Y2 = 89 T3 Xz = 60 g X4 = 31 7‘3%5"“ 25
4 16 13 9 3 0
A m= 2o M =55 |Tale =55 |MB=57 | Mla= 55| Mts =5
L B B 1B _ =9 _2 0
Ty = 67 511_'31 ﬂ522_'34 7‘513—28 7‘5%4——17 7‘52(5—?
45 15 15 10 3 0
C |7=gg |Tn=355|mt2=55|Mee=535|%M=15| 6= %
A _ 184 16 IR PO -0 =9
. T =gy |1 AT 5 M= g MBT g 0T g | M=
M B |n=16 =3 _5 =3 =90 _9
8= 34 AT 3 | MR T o5 | BT 15 |WMT G 7':87,5‘—'0’
c s 14 11 6 3 0 0
=Yg TN T gg | T o | BT 17 Tela= g | T = ¢
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The system of equations (P) may be solved in the following
way. If approximate values of all @, are known, the next
approximation of the yx is given by the equation

_2r . ¢
'“f*—Znﬂs 0.= const.,
where the sum is formed only from those equations (P), which
contain y,; similarly the & are determined:

2r
If the approximation is good, differential formulae may be
applied :
AN
A "Z“'ﬂﬂ-—s
VAV L

o= —1070 —_—

A g B Shys

where A®p and A\ =z, mean small corrections of the quantities
7g and z,.

The first approximation of the values of & is given directly
in the 1-st column of table 6; the successive approximations were:

Tty Ttz g Ty s T o Ttg Ty Yl X2 Bl Ul X

1-st Approximation

0.83 0.74 ]0.75 | 0.75 | 0.67 | 0.68 | 0.64 {0.36 |0.300| |
0.880| 0.666|0.460 0.174}0.100

2-st Approximation ﬁ'

0.778 | 0.793 0734 0.712] 0.639| 0.702| 0.610| 0.454] 0.329
0.878| 0.669,0.4620.175|0.101

Thus the second approximation gives no sensible change
in the z; definitively the -following values of the Magnitude
Function were assumed :

Magnitude .
Syst. D =< 2.7 3.0 3.5 4.0 4.5 5.0 (5.5)

Z =1000 0.878 0.669 0462 0.175 0.101 (0.
Probabl ‘
TN — — 40.014 4+0.020 +0.024 +0.025 +0.027 —

error
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Thus an ideal observer (Coefficient of Attention = 1) records
469/, of meteors of the 4-th magnitude and only 109/, of the
5-th magnitude!

The values of x are plotted on fig. 1; the curve resembles
two straight lines crossing at m=2.7, y=1. Deviations from
the straight line occur at m==4.5 and 5.0, but their reality is
questionable. ;s

The fact that three observers revealed identical curves of
7z is probably not fortuitous; at bottom there must exist some
general psycho-physical law.

The values of y having been found the Coefficients of
Attention (@) were determined for each Section separately.
They were :

&,

- - — -
Section- I {I il v ‘ v VI | VI ‘ Vil | IX X XI | XII { XII

Obser- Coefficient of Attention

ver
058| 053 0.69( 080; 0.85} 0.61| 0.70| 0.78} 0.78| 0.49| 063| 0.62| 0.80

4 40.05 | +0.08 | +0.08 | 40.04 | +0.03 | +-0.06 | +0.06 | +0.05 | +:0.05 | £-0.09 | +0.09 | +-0.08 | +0.03

B 060 0.66({ 071, 091| 092 052 0.55‘ 076 0.75| 031 044 054 0.62
+0.05 | £0.08 | +0.09 | +0.04 | +0.02 | £0.07 | 7-0.06 ' =-0.05 | £0.05 | £0.07 | +0.08 | +0.08 | +0.04

C \ 0.64; 0.61 0.73g 0.65] 0.1 0.67) 056| 0.82) 050 022 028| 024! 069
}i0.0E) +0.09 i0.08’i0.05 +0.03 | +0.06 | £0.06 | +-0.04 | 10.05 | _0.06 | +0.07 | +0.06 | +0.04

The general feature of these quantities is their maximum
value near the centre and the decrease towards the boundaries
of the region.

The Magnitude Function depends upon the apparent mag-
nitude or the absolute quantity of light received by the obser-
ver’s eye; but the magnitudes reccrded are not purely apparent:
thanks to the differential method of estimation they were freed
from the effect of absorption. Thus variations of atmospherical
transparency would produce a shift of the whole curve on fig. 1
along the horizontal axis; the shift was employed to determine
the differential absorption on various days. According to the
atmospherical conditions the days were divided into two groups:
1) August 9-th and 10-th of normal transparency; mean magni-
tude of faintest stars visible in the region 5.7 (observer D);
2) August 11-th to 13-th, with intensified absorption due pro-
bably to the dust from the desert; mean magnitude of faintest

2
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stars =5.8. The Magnitude Function was determined for both
periods separately; the following shifts, interpreted as variations
of absorption, were obtained:

Shift (Deviation from the

Magni- " Mean) St. Magn.
tude Aug. Aug.
9 and 10 11 to 13
35 —0.14+0.11 | 4 0.04 +-0.07
4.0 —0.04+0.12{ 4+0.02+0.10
45 | —0414+018] +0.60+0.21

Weighted| 144007/ 4 0.07 +0.06
mean E
The total difference is 0.07 4 0.14 =0.21+40.09 st. magni-
tudes. The mean Secant of the zenith distance of the region
was = 1.4; thus the difference of absorption-coefficients results
as 0.15 st. mg. Assuming

X
100 - . for Aug. 9-th and 10-th
050 ﬁg./ The Mdg {7//”0/6 an absorption - coefficient
a% Farelian =0.18 st. mg. (elevation
an of Tashkent above ses
060 level 440 m.) for the days
a5 from Aug. 11-th to Aug.
a0 13-th we obtain 0,18+
o3 +0,15=0,33 st. mg. These
a% values were assumed in
an the reduction; they pro-
oo “__, duce an essential change

15 20 235 Jo 35 40 45 50 a5 60 in the Coefficients of Per-
ception; it was assumed, that the curve of fig. 1 corresponds
to a mean absorption-coefficient =0,28 st. magn. per unit of
air mass.

The transition from observed to probable meteor numbers
is executed through form. (5); table 7 contains the factor
— 1 ’ |
T 1—(1—p) (1 —py) (1 —pg) ‘
for our. three observers, which might be called the ,Extrapolation
Factor“; owing to the unequal transparency of air the values
were computed separately for the two groups of days.

z
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Table 7. Values of 2.

Aug. 9-th to Aug. 10-th Aug. 11-th to Aug. 13-th
Section Magnitude Magnitude

<27 80| 35| 40| 45| 50|<27 30| 35| 40| 45| 5.0

1 1.06 | 1.09| 1.21| 1.47| 256 | 4.85] 1.06| 1.13| 1.31| 1.68]| 3.65| 6.71
I 1.07] 1.09] 1.21| 1.48| 259 | 4.85| 1.07| 1.13| 1.31| 1.69| 3.67| 6.71
i 1.03| 1.04| 1.13| L.34 2.25| 424 1.03| 1.07 | 1.20| 1,50 | 3.21} 5.69
v 1,01 1.02} 1.08| 1.26| 2.08| 3.821 1.01 | 1.04} 1.14| 140! 2.80| 5.13
v 1.00| 1.01 " 1.05| 1.20| 1.94| 3.55| 1.00| 1.02} 1.10| 1.33 | 2.70] 4.79
V1 1.07) 109 | 121} 1.48) 2.59| 4.85} 1,07} L13} 1.31) 1.69| 8.67| 6.71

VII 1.06| 1.09| 1.21| 1.47| 2.56 | 4.85] 1.06 | 1.13| 1.31| 1.68]| 3.65| 6.71
VIII 101} 1.02] 1.08| 1.26| 2.08| 3.82| 1.01| 1.04| 1.14| 1.40| 2.90| 5.13
IX 1.03| 1.04| 1.14| 1.37| 2.34| 4.37| 1.03| 1.08| 1.22| 1.55| 8.31| 5.96

X ] 1.38) 144 1.72) 224 428 8.26f 1.38| 1.54| 1.90| 2.68! 6.25|11.8

XI 1.18| 1.22 | 1.42( 1.80( 3.32| 6.43] 1.18| 129 1.55( 2,09 | 4.81| 8.91
X1 L15] 119 1.38| 1.75( 8.19| 6.17 1.15] 1.26| 1.51 | 2.02| 461 855 -
X 1.03| 1.04| 1.13| 1.35| 2.28] 4.28] 1.08] 1.07} 1.21} 1.52] 3.24| 5.76

§ 4. Further treatment required the separation of Perseids
from meteors not belonging to that stream; the term ,Perseids«
means here meteors having their Radiant near # Persei — say
not more than some 5° distant from. the mean Radiant of the
great August shower.. Even an exact position of the meteoric
trail, observed from a single point, solves the problem only with
some degree of probability; it is clear that the unexaet records
of position and direction employed increased the vagueness of
the solution. According to the accuracy of the observations,
meteors whose direction varied within 45° were considered as
parallel; if the direction was in accord with the Radiant of the
Perseids, the meteor was called an ,Apparent Perseid“; let the
ratio of Apparent Perseids to the total number of meteors be

P, of true Perseids — P; the fraction ggg@=% of meteors not

belonging to the stream is contained among the Apparent Per-
seids; on the contrary, a fraction e of the true Perseids is lost,
e being the frequency of errors in direction greater than 45°;
thus we may write the following equation between these effec-
tive quantities: 1

: P’=P—|—§(1-—P)—Pe, whence

an.
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For different groups of meteors the following data were
obtained :

Common |Meteors Observed by a Single Person

Meteors A B C
P’ 10,820 1 0.017] 0.721 £ 0.027] 0.624 + 0.032] 0.654 + 0.032
e 0.00 0.03 0.17 0.23
P 0.794¢ 0.705 0.708 0.820

The values of e for 4, B and C.are those already found
above from comparison with the map (§ 2); the records for the
Common meteors controlling one another, it was assumed e=o¢
for this group. :

The data obtained above are a little discordant; there see-
med to exist some difference between the bright and faint
meteors, the Perseids being more frequent among the former.
According to the values of e the data wete distributed in two
groups: 1) the Common meteors and meteors recorded by the
observer A, with a mean ¢=0,01;/2) the meteors observed by
a single observer B or €. For the first group the values of P
were computed separately for faint and bright meteors; with
the aid of these quantities the corresponding values of the error-
frequency e for the second group were found [from equation (11),
P and P given]). The result is given in the following table.

S d G Second Group
First Group [ Second Group from Compart
Map.
y 24 ¢ -
P P Computed e
Fainter than 0.670| 0.630 | 0.631| 0.072 | Fainter than 0.150
3.7 mg +0.033 +0.033 | +0.040 3.4 mg +0.040
Brighter than 0.824 | 0.808 § 0.655| 0.219 | Brighter than 0.200
3.8 mg +0.017 +0.032 | +0.032 3.5 mg +0.025
All Magnitudes | 0.786| 0.764 | 0.639| 0.201 | All Magnitudes 0.182
+0.015 +0.023 | +0.028 +0.030

The values of ¢ for the second group are obtained by two
independent ways: from formula (11) and from comparison with
meteors traced upon the map; both values are in accordance
within the limits of the probable error; they indicate an in-
crease of the frequency of errors with increasing brightness.
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Other arguments except the brightness did not influence the
value of e; e. g., if we treat Aug. 11-th — the day of maximum
intensity of the shower -— separately, we obtain an insensible
difference: :

Days: | Mean e (Second Group)

Aug. 9-th, 10-th, 12-th and 13-th 0.180j0.025} S
Aug. 11-th 0.200 +0.025 All Magnltudes

The strange improvement of the observations for faint
meteors may be explained in the following way: bright meteors
are frequently observed under bad conditions of seeing (lateral
sight) and attention; whilst the fainter meteors are recorded
only if the attention is fixed upon them and the seeing direct.
That is, however, only a hypothesis. -

The difference of the e between faint and bright meteors
as determined by comparison with the map would probably be
greater but for faint meteors almost not being traced upon the
chart; thus greater weight was atiributed to the smaller value
of e (0.072) and finally the following mean values of frequency
of errors were assumed for the observers B and C:

meteors fainter than 8.7 magn. e=10,10-0.03
» brighter than 8.8 , ¢=10,21+0,02.

Because of these errors a considerable proportion of meteors
recorded by one of the above mentioned observers as Non-Per-
rseids will belong to the stream; this proportion is approxima-

_f,l; thus each meteor, recorded by a single

observer B or C alone, as Non-Perseid, was assumed equal to
the following equivalent quantities, computed with the values
of ¢ found above.

One meteor, recorded as Non-Perseid, is equivalent to:

tely equal to ——~

Perseids  Non-Perseids
If Brighter than 8.8 mg 0,45 0,55
If Fainter than 3.7 mg 0,06 0,94 .

In other cases (meteors recorded as Perseids and all of the
first group) no corrections were applied owing to the smallness
of the change produced.

In a few cases where the direction was omitted, the record
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of one meteor was assumed equal to the following effective
quantities :

1f Brighter than 3.7 If Fainter than 3.8
Perseids Non-Perseids Perseids Non-Perseids
Aug. 9-th, 10-th, 12-th
and 13-th 0.7 0.3 0.5 0.5
Aug. 11-th 0.9 0.1 0.7 0.3
d )

§ 5. The effective numbers were arranged in a table,
separately for each Section and Interval of observation. For
example a part of this table is here given: ’

Table of KEffective Numbers.

Aug. 11-th 2-nd Interval

Sections:
1 IT 1II v
s ="52920(] §=27220) §=251207 §=36420]
m= 1.0 15 35 40 45 50| 3.0 35| 3.0 35 40| 30 35 40 45 50
my= 08 13 33 38 43 48| 30 35| 28 33 38| 28 33 38 43 48
S =0.90 0.10 4.26 1.89 0.60 0.25] 1.00 1.00|0.50 1.00 0.50{1.25 2.63 2.07 0.05 1.00
P =0.90 0.10 3.71 1.89 0.60 0.25| 1.00 0.06 | 0.36 0.73 0.36 | 1.23 2.46 0.28 0.00 1.00
N =_8=0.95 0.11 560 3.17 2.19 1.68{ 1.13 3.67|0.54 1.20 0.75|1.30 3.00 2.90 0.14 5.13
R = Pz=0.95 0.11 4.38 3.17 2.19 1.68 1.13 0.21]0.39 0.88 0.541.28 2.80 0.39 0.00 5.13

The designations mean: 1) m — the mean apparent magni-
tude reduced to system D and rounded off to 0.5; 2) m, — the
Zenithal Magnitude; 3) § — the number of different meteors
observed; fractions are introduced by a correction for the deci-
mal equation (see Table 8); the sum of S for each Section is
an even number and represents the number of really observed
objects; 4) P — the effective observed number of Perseids;
5) N — the Probable True Number of all meteors; 6) B — the
Probable True Number of Perseids alone; 7) at the head s
represents the Effective Area of the corresponding Section for
the given Interval in Zenithal Square Degrees.

The separate Intervals of observation during the five conse-
cutive nights were:

00
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Date and Interval

August

the 9-th the 10-th | the 11-th | the 12-th | the 13-th
tioju|rjojm)r |ojmls |gjmjr|olm

wado ot nter- | & 1 211 |5 5t & | 5|8 08|55 5|88
val (Tashkent Nlom|w|ca|om|lw|ca|ml v ca|ofwlcalm|w-
M. T‘) — ) - Ll — — — - - - — vt — — -
Durafion Minu-|m|olo| ol cjlola|c|la|lsle|lo| !«
tes SRS IR|S|F BT |S|3|F|F|8|3|%

The Effective Area of the Sections was computed for the
zenith distance of the centre of the Section at the middle of
the corresponding Interval according to formula (8), where the
infinitesimal quantities ds and do were substituted by the Effec-
tive Area s and the solid angle o of the Section (from table 4);
to form an opinion as to the order of the quantities, areas
for August 11-th are here given. For the other days the data

were very similar,

August 11-th
Effective Areas . 20[.

Section Interval
1 | 1 11

I 632 529 487
P 301 272 268
I 330 251 209
v 554 364 202
v 1737 856 576
VI 344 267 244
VI 6 700 2015 973
VIO 1923 893 531
IX 894 556 402
X | 29700 6110 2240
XI 3460 | 1368 718
X1 | 918 | . 633, 482
X111 { 1811 1075 820

These Effective Areas suited their purpose well except at
very great zenith distances (e. g. Section X) where some vague-

ness appeared.

The Effective Numbers found allowed of answering some



~

24 ‘ E. OPIK AllLs

questions as to the photometrical meaning of the magnitudes
recorded ; namely, there might be expected systematical influen-
ces from two sources: 1) the magnitude of a fixed star measures
its intensity of light — per unit of time and area; but has the
estimated magnitude of the moving meteor the same meaning?
There might be expected an underestimation of the bright-
ness, due to the motion of the meteor: its action is distributed
over a greater area upon the retina than the light of a fixed
star; the diminution of apparent brightness at great angular
velocities is easily observed in fixed stars with the aid of a
telescope moved by hand. The question arises whether the said

Effect of Motion“ is sensible enough for angular velocities of

the order of 10°—20° per second;

2) the other effect, which we will call the ,Phase-Effect,
is a suspected dependence of the apparent brightness of meteors
from their angular distance from the Radiant; this distance,
equal to the angle between the line of sight and the direction
of the path, we will call the Phase-Angle.

To investigate both effects it was necessary to invent some
method of photometrical comparison of meteors at variable
conditions: distance and Phase-Angle. The method of simulta-
neous magnitude -estimations from different observing-points
would practically lead to no result, systematical differences being
too great and the number of common meteors too small. Thus
there was no other way but to make use of the fact that mete-
ors observed in various parts of the region differred in distance
and Phase-Angle. A statistical method, called the ,Method of
Bquivalent Groups¥“, was applied. Let us imagine that the sho-
wer ishomogeneous, so that the probable numbers of meteors
physically similar, falling upon equal areas, are equal. Let N
and N, be the number of meteors falling upon areas of the size

s and s, respectively; the density of the shower 1;[ is a
function of the magnitude m; thus ﬂ— f(m) and 1 _-f1 (m);

for a homogeneous shower both functlons will be s1rn11ar with
a certain constant shift in the magnitudes =, due to the
different distances and Phase-Angles, so that we may write:

fom)=hm+2) (12).
The value of = can be found graphically; if the f(m) and
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fi(m) are plotted as ordinates with the magnitudes as abscissae
(fig. 2), then the mean shift of the curves (4B, 4" B’) will give
the difference of magnitudes. The function f(m) is analogous to
the Luminosity Curve for stars, and the problem of photo-
metrical comparison of different meteoric groups resembles the
method used for the estimation of the probable distance of star-
clusters from the apparent magnitudes of physically similar stars.

Practically it seemed advisable to use instead of the func-

tion f(m) a function F(m)::_zn;’(m): this is the total number
: : m=— 00

of meteors from the brightest to the given magnitude m. The
relation (12) remains unaltered, with. the substitution of ¥ instead
of f. The values of x were computed numerically with the aid
of interpolation. y

The question arises as to the
homogeneity of the shower; it
must be pointed out that the ho-
mogeneity here required need not
be absolute: atransversal uni-
formity will be sufficient. The
meteors falling upon two different
Sections of the region during the o _ m
15 hours of observation are con- fig.2
tained in the volume of two cylin-
ders with a basis of some thousands square kilometers and
length of nearly 8 millions kilometers, whose axes are only
100—3800 kilometers distant from one another: the density of
the meteoric matter within volumes separated by such a small
distance may be subjected only to casual, but not to systemati-
cal variations. — The accuracy of the method depends upon the
number of meteors actually observed; from the probable error
of the number N (see formula (5!)) the probable error of the
determined magnitude-difference can be found.

The presupposed Effect of Motion may be revealed in the
following way. With reliable assumptions as to the properties
of our eye the apparent brightness of a moving object may be

represented as i= , where @ is the distance from the

C
d(k-d
observer, and ¥ — a constant proportional to the angular velo-
city at unit distance; for k=o, ¢ =%2; if % is great in com-

’
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parison to d, s=-. Thus the apparent brightness varies as d%“,

kd’
o being an effective exponent, varying between 2 and 1. If m
and m, are the observed apparent magnitudes, ¢ and d, — the
distances, then ‘
a=0’4 {(m—m,)

lgd —1lgd,”

A value of a less than 2 will indicate a sensible Effect of
Motion. For meteors d is proportional to F Secz, this quantity
_being taken from table (1).
. Observations of the first Interval of all 5 days were combi-
ned, the early hour revealing the greatest differences of Secz;
Sections with nearly equal zenith-distance were joined into groups
(Sections IV, X and XI have not been included because of the
small number of meteors observed); for these groups, with the
aid of the N from the Table of Effective Numbers, the following
data were obtained:

Group a = Sections [+ 1T+ I+ VI
mean Cosz==0,877; 0= 380"
<0.7 1.0 1.5 2.0 2.5 3.0 3.5 4.0

0.0 6.1 6.7 |43.7 121.4 185.6 288.1 368.2|

3
f

i

F(m)

Group b===8ections V4 IX -+ XII 4- XIII
. mean Cosz=0,622; g=24°

F(my= 00 86 |91 244 3801 832 1415| —

Section VIII
Mean Cos z==0,503; @ =18°
m =<0.7 1.0 1.5 2.0 2.5 3.0 3.6

Fm)= 0.0 4.8 4.8 153 18.6 | 356.7 59.5

Section VII
Mean Cos z=10,335; ¢ = 38°

Fim)= 00 00 36 538 63 —

Here the values of F(mj' are reduced to a standard area of
100002°[]. For purposes of the determination of the magnitude-
difference only the values based upon more than 5 meteors
actually observed were used; these values are surrounded by
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double lines. The data are closed at a magnitude eqmvalent
to the magnitude 4.2 at the zenith.

The single differences as determined by the Equlvalent
Group Method, and the corresponding values of o are given
below; as a flrst approximation the Phase-Effect has been
neglected.

G m — my | Absorp- | m —m,
TOUPS 1™ ™ ops | tion | Corr. «
a—b | 256 | 350 |. —0.94 000 | —0.94 2.6
R 250 | 333 | —0.83 , —0.83 2.3
. 200 | 255 | —055 , —0.55 15
VIL—b | 300 | 238 | 40.62 . +0.62 2.1
. 350 | 273 | +0.77 , 4-0.77 2.6
ViII—b | 800 | 171 | 4129 029 | 4100 1.6
’ Mean 2,12 + 0,13

All groups were compared with group &; m and m; denote
the magnitudes with equal values of F(m); the differential
correction for atmospherical absoption was applied only to Section
VII, where no comparison-stars were available. The mean value
of a obtained deviates from 2 in the sense opposite to the expected
and within limits of the probable error. Thus the Effect of
Motion is quite insensible for the angular velocities of the mete-
ors observed, and the legitimacy of formula (6) is established.

Taking, into account the atmospherical absorption, the
' transition from the apparent to the Zenithal Magnitude is exe-
cuted through the formula:

my=m—>51lg(F Secz) — a (Secz— Secz’) (18),
where z and 2’ are the zenith distances of the middle of the
meteor’s trail and the star of comparison, ¢ — the coefficient
of absorption of the corresponding day.

The absorption was sensible only for some Sections where
no comparison-stars were available, namely:

) Section of
Section Comparison-Stars
I v
' Vi -V and VIII
X VIII and IX

(fainter than 2.5)
XI VIII and IX '
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In search of the Phase-Effect the Sections were combined
into groups according to the Phase-Angle ¢; these groups were:

Group Sections  Mean ¢
a ' IX, Xt - s
b I, 111, VIII, XI 20
¢ II, 1v, V, VII 31
d Vi, XII 46

M=q-+b-+c+d (All Meteors) —

Section X was omitted because of its great zenith distance.

For each of the three Intervals separately the observations
of the 5 nights were combined and the deviations of the Zeni-
thal Magnitude for each group from the mean of all meteors
(group M) was found with the aid of the Method of Equivalent
Groups. These deviations, designed Aa, Ab Ae¢ and A d,
with their probable errors determined a priori, are given below:

Deviations of Zenithal Magnitude Depending
Upon Phase-Angle.

Stellar Magnitudes
Aa | Ab l Ac i Ad
1-st Interval | —0.05+0.08 | --0.20-+0.07 | _ 0.15-+0.07 | —0.08+0.07
2-nd Interval 40434010 | —0.20+007 | +0.254+0.07 | — 0.31 +0.09
3-d Interval — 0224012 | 40034000 | 4+014+0.09 | —0.02+0.10
Mean | 4+0.06+006 | 4 0.01+0.04 | 40074004 | —0.1340.05

The mean deviations indicate no sensible systematical change;
assuming for the deviation the form A m =£% Sin ¢4 ¢, the result
gives for the coefficient of Phase-Effect % the value - 0,03,
which is practically zero Thus we arrive at the conclusion,
that the meteor radiates uniformly in all direc-
tions; owing to the fact that systematical irregularities of
form must doubtless occur, it seems that the following expla-
nation will account for the observed phenomenon; during the
. motion through the upper atmospherical layers the incandescent
body of the meteor evaporates, producing a gaseous shell or a
sort of an ,instantaneous microatmosphere® ; this shell, extremely
rare and diaphane, thanks to its relatively great dimensions
emits the greatest portion of the observed radiation; because
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of its diaphanity the shell radiates as a whole, the radiation of
every particle passing through the shell without sensible absorp-
tion; in this case, whatever the form of the shell might be, its
radiation will be independent of the direction.

Remark. The word ,shell* is here used for lack of an
appropriate term; the gases are without doubt left behind, but
that does not prevent them from producing a combined effect
upon our eye. .

§ 6. In the following lines we shall propose some general
considerations as to the nature of meteors, especially their
masses. Only meteors having a common Radiant were consi-
dered; all numerical data refer to the Perseids. It must be
pointed out, that the computations given below are only approxi-
mate, exeouted with the chief purpose of determining the gene-
ral features of the phenomenon; the estimation of absolute

‘masses pretends only to the order of the quantities.

The radiation of the meteor has itsorigin in the energy
of motion; as the result of the resistance of the medium the
Kinetic Energy of the meteor is converted into other forms of
energy : radiation, heat, ionization, mechanical energy (movements
of the atmosphere); only the visible radiation is within the reach
of our rough estimations. If we make the plausible assumption,
that the energy converted into aether-waves will form a constant
fraction of the whole amount, a means for the estimation of
relative masses will be available. )

Let the mass of the meteor be u, the total amount of the
radiative energy lost j; then we have pwowy. If ¢, is the mean
Zenithal Brightness, v the duration of visibility, then, assuming
as a first approximation a constant mean height of the meteors,
we may put jowi,v: with a similar degree of approximation v
may be assumed proportional to the absolute length of the path
L; thus finally we obtain

wewiy Lo (a).

The length of the path will be a function of the mass or
the luminosity. The general character of this function may be
determined as follows. The duration of visibility of the meteor
depends upon the speed of evaporation of its matter; if a uni-
form evaporation is assumed, the length of the path will be
proportional to the radius of the meteor or
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1
Loou® (b);
substituting ¢ from (a) we obtain
o 1
Looiy? (c);
we will generally put

Looz® (¢); for (c) x=%.

While the meteor gradually penetrates into the denser lay-

ers, the evaporation must go on with acceleration, and the

exponent z will be less than the value found above; on the

other hand, at = =0 the length of the path will be independent

of the size of the meteor — but that contradicts observational
evidences; thus we have

O<x<%.

A provisional value of x was determined from the data
available. For 81 Perseids') traced upon the map by M-r Davi-
dovitsch the length of the path was computed with the aid of
an average assumed height of the visible trail H=100 km. The
relation (c') is equivalent to the equation

lgL=—04myxz+c (14);
plotting the Zenithal Magnitudes as abscissae with the lg L as
ordinates, we may obtain # from the inclination of the straight
line which suits the plotted points best. The average lengths
of path obtained for various Zenithal Magnitudes are given below.

Average
L lg L n
Interval | Average| Kkilom.

Zen. Magn.

< 0.7 0.0 90.0 1.954 8
08—17 1.2 57.7 1.761 20
1.8 —27 2.2 51.7 1.714 36
2.8—3.1 3.2 39.0 1.591 17

Fig. 8 represents these data graphically; the inclination of
the straight line gives
x=0,28.

1) To obtain homogeneous data only meteors agreeing well with the
Radiant of the day were included,
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Combining (a) and (¢!), we have wcois,' ™%, or, with the
value found,
p=ciy™ (15).

The factor of proportionality C remains unknown.

Table (8) contains the Zenithal Luminosities (4,) and the
corresponding relative masses (1) of the Perseids, those for
‘mo = 2.0 assumed as the unit. The formulae for computation were:

lgi0=—-0,-i (mo—-—Z) }
lg p =—0,512 (my — 2) (16).

Estimations of the order of meteorical masses have been
made several times; the ordinary criterion was the apparent
brightness, in connection with a certain
assumption as to the effective tempera-
ture of the meteor; from these data the
apparent radius and the volume were
computed. But the chief assumption on
which such estimations are based —
- that the light is emitted by a solid
body — is doubtful; if the effect of the *
radiating shell, mentioned in the previ-
ous paragraph, is great, then the values
of the masses so obtained will have been over - estimated.

oL "
of . Fig3

19

17

m,

gg 10 20 30 40

Table 8.
My () “ Mo % u
5.0 0.06 0.029 0.5 3.98 5.9
45 0.10 0.052 0.0 6.31 10.6
4.0 0.16 0.095 —05 10.0 19.0
3.5 0.25 0.17 —1.0 15.8 34.4
30 | 040 0.31 —15 25.1 61.9
2.5 0.63 0.55 —2.0 39.8 112,
2.0 1.00 1.00 —2.5 63.1 201.
1.5 1.58 1.80 —30 | 1000 | 363.
L0 | 251 3.25 —35 | 158 655.

Let the radiation due to the solid nucleus of the meteor
be 4, the radiation of the gaseous shell ¢, the total amount
being 4, +i,=14. Then we have i, <77 and thus all computations
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based on the assumption i, =i give an upper limit of
the mass.

The question arises as to the effective temperature. Roughly
estimated it is of the same order as the sun’s. In this case
the colour of the meteors may give us some information. That
3000—4000° is too low, seems without doubt: the corresponding
reddish hue does not occur in the case of the Perseids; these
quickly moving meteors are for the most part white, sometimes
with a greenish coloration.

Our observers recorded the colour of the brighter meteors
in an arbitrary scale ranging from 1 to 8, 1 meaning bluish-
white, 8 — reddish-orange; the records were made in words,
afterwards converted into scale numbers. Systematical diffe-
rences determined from the Common meteors were:

A—D=1406
B—D=-16
C—D=-22
With | these differences the colour-estimations — of the

Perseids only — were reduced to the scale of D; the result was:

Colour of the Perseids .
Observer n

Recorded Reduced
A 2.7 2.1 96
B 3.6 2.0 116
C 1.4 2.2 353
D 1.7 1.7 65 -
Mean 2.0

As standard for the scale-number 2.0 observer D chose a
Persei (type Fg); thus these colour-estimations indicate an effec-
tive temperature of about 7000°. )

Taking the magnitude of the sun’ as — 26.7 the following
data for a Perseid-meteor of the 2-nd Zen. Magnitude were ob-
tained (H assumed =100 km);

Temperature Diameter M(%ilrf;?t? Eis)s

6000° 1,7 mm 10,4 milligram
70000 1,3 4,4 ”
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To evaluate the minimum mass there is at our disposal a
method more reliable. The total amount of energy lost by radia-
tion — ;5 — cannot exceed the Kinetic Energy of the meteor;
thus we obtain

#>J; or M>2 5 (),

where v is the cosmical velocity. To compute j, the duration
of visibility v is needed; assuming a mean velocity within the
atmosphere equal to the cosmical (56 km/sec), and taking the
length of the path for a 2-nd Zen. Mg. meteor from fig. 8 as
L=51,5 km, we obtain 7=0,92 seconds. The reason why the
cosmical velocity was adopted will be expl#ined later on.

The following assumptions were next made: 1) the effec-
tive temperature of the meteor — from 6000° to 7000° (the
difference does not matter); 2) stellar magnitude of the sun
=-—26.7; 8) mean height of the trail =100 km.

With these data it is easy to obtain:

1) the total amount of radiation emitted j = 139 gr. calories
and, 2) the energy of motion for v =56 km/sec being 376 000 gr.
calorles per, gram of mass,

the minimum mass as about 0,3 milligram.

The assumed temperature has only a small influence upon
the result; the difference can only be produced by the variation
of the ratio of visual to total radiation, this ratio at temperatu-
res near 6000° varying slowly. For other temperatures we would
obtain greater values: .

Eff. Temperature 3000°  12000°
Minimum Mass Milligr. 1.7 0.6

. Taking into account the rapid increase of emission with
increase of temperature it seems probable, that a considerable
— if not the greatest part of the energy is lost through radia-
tion, and the computed minimum mass will thus represent the
best approximation to the true value, Taking roundly 1 milli-
gram as the mass of a Perseid of the Second Zenithal Magni-
tude, we shall probably not be far from the truth. At a tem-
perature of 70000 it means, that 0.37 of the radiation’is due to
: 3
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the solid (or fluid) body and 0,68 — to the gaseous particles
carried back.

For the computation of the duration of visibility the cos-
mical velocity was assumed. There were two reasons:

1) the value of = found (0.°92) is considerable enough; if
the velocity had been lower, we should obtain an incredibly
great value of v: everyone who has observed the Perseids
knows, that even 0.°9 seems to be too great. 2) It seems pro-
bable that, contrary to the general opinion, the retardation of
the meteoric nucleus due to resistance of the medium, is very
small; the meteor evaporates before it reaches the denser layers;
this may be stated theoretically in the following way: let ¢ be
the amount of Kinetic Energy per unit of mass of the nucleus,
the mass of the latter being u, and let du be some loss of the
mass due to evaporation; the heat evidently is taken at the
expense of the Kinetic Energy; if ¢ is the total heat needed to
transform 1 gr. of the meteoric matter into vapour at the given
effective temperature, and assuming, that a fraction =1 —r of
the heat originating from {friction is lost in the resisting medium,
we may Wwrite:

cdu=rudg, whence q—~—fd‘uﬂ,

that gives
g . ) ”
nglg w A0
where ¢, and yu, are the initial energy and mass.

Assuming a mean capacity of heat =0,20 (including the
latent heat), we obtain for a temperature =7000° the value
¢ = 1400 calories per gram. The fraction » we will put =% (it is

- probably greater); substituting these data, we have

q=qy—

= g,— 10 000 lgﬁ" (177).
If the velocity v is expressed in kilometers per second, the
value of ¢ will be given by
g=120%% cal./gr. (18).
From formulae (a) and (c), previously found, we obtain

1+ |
uweo L % (m),
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L being the total length of path of the mass u; the empirical
value of z is 0,28, hence 1""'”=4;,57; we shall assume the round

@

number 4,5 — 2, If r is the radius of the meteor, ucor®, and

5
from (m), substituting the assumed value of x, we obtain

3
reoL? (n).

The linear speed of evaporation. measured by the rate of
diminution of the radius of the meteoric body, is determined
from (n):

The previous relations from (a) to (n) being true only for
the total length of path of different meteors, (p) may equally
be applied to parts of the trajectory of one meteor, if L is
regarded as a coordinate determining the absolute depth
of the given atmospherical layer, and if the schematizing assump-
tion is made that all meteors grow visible at the same height.
Integrating (p) from L=o, r=7v, to L=L, r=0 we obtain
(n); but integrating from L =1L, r=1r to L = L,, r =0, We obfain

3 3 3 2

reo(Ly® — L2), or Loo(Ly* —r)? (q);

but owing to the fact that the velocity throughout the major
part of the visible path is practically constant (data are given

below), we have Low 0, where 0 is the time reckoned from the

1 3 1
beginning of evaporation; with reou® and L2 60ryewo u,®
[from (n)], (q) is transformed into

1 1 2

0= —uH? (19).

This formula gives the time © in certain units, during
which the initial mass u, decreases to the value w.

From (19) the intensity of evaporation —g—t’;
is found: ‘
d o1t 2
J=—d_g’c’\t)(‘u,03_‘u/3) 3 Ms (20).

3%



36 B OPIK AllLs

This quantity determines the hypothetical variation of
brightness of the meteor during the flight: the quantities of
vaporized matter expand, forming the gaseous shell previously
mentioned and, in consequence of the great area of resistance,
are mstantaneously stopped, transforming their Kmetlc Energy
into radiation.

From (179, (19) and (20), with u,=1, table 9 was compu-
ted and the results plotted on fig. 4 with the time 6 as ab-
scissae. For p=0, © is 1; but theoretically this value is not
attained ; the velocity is entirely lost before this point is reached ;
but, computing from (17!) the corresponding mass for ¢ =o, we

obtain the value ,u=4—11@ o {(go==23876000); this value has no

physical meaning. For a remaining mass of the order of an
atom (177) gives v==80—40 km per second; thus the body of a
meteor with a high velocity will maintain its velocity practi-
cally unaltered during the whole time it is seen; for a short
time there will still remain a nucleus rapidly vanishing but
moving with cosmical velocity.

Table 9.

u ® J v kilom.
1.0 0.000 0.000 56.0
0.9 0.105 | 0.302
0.8 0.171 0.357
0.6 0.201 0.384
0.4 0.411 0.348
0.2 0.557 0.255
0.1 0.658 0.175 55.2
0.05 0.738 0.116
0.01 0.852 0.043 54.4
0.00 1.000 0.000

It may be added, that for smaller initial velocities the result
will be different. For v,==10 km/sec and ¢="700 cal. per gram,
corresponding to an effective temperature = 3500° the following
data were obtained:

p= 1.0 0.6 0.1 0.01 0.004
@= 0.00 029 0.66 085 0.9
v == 10.0 9.5 7.6 4.1 0.0
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The velocity here decreases considerably and the remaining
mass = 0,004 is not negligeable.

§ 7. From the Table of Effective Numbers (see § 5) quan-
tities determining the intensity of the shower were obtained.
For 0.5 magn. classes of the Zenithal Magnitude and for each
Interval of observation the numbers were summed up and redu-
ced to the standard horizontal area =10000 2z° [ (about
80000 km?) and standard interval =1 hour by the multiplication

with 1;?";0, where 2s denotes the sum of the Effective Areas

of all Sections employed, ¢ — the duration of the Interval in
minutes of time. The number n, so obtained was called the
Standard Horizontal Number of meteors of the given
Zenithal Magnitude. o Lo
Only those Secti- ;
ons were employed , % 4
where the appa- % '
rent magnitude of ¢
the meteors of the 9
given category was @5
not fainter than 4.8 o< J
mg. stars at the a3
Zenith, and thus the ae|
faintest category of os
Zenithal Magnitude — s
was 4.0, including ef @2 03 a4 05 06 07 08 09 {0
the interval 3.8—4.2. This limit was assumed to avoid great
extrapolation factors. The Zenithal Magnitudes (m,) of the Table
of Effective Numbers were not rounded off, but were distributed
amongst the neighbouring categories; e. g., for the magnitude
3.8 409/, were added to the category 3.5 and 609/, — to cate-
gory 4.0.
The quantity N;,=Zn;., called the Horizontal Inten-
— o
sity, gives the total Probable Number of meteors up to a cer-
tain limiting magnitude m,; in the tables given below, m,= 4,2.
For meteors belonging to a definite stream, it is advisable
to use the Standard Normal Number n, and the Nor-

. o Nh .
mal Intengity N°=Zn0, where 0= Gos 7! Cos z, being
‘ — 0 S 2y
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the mean cosinus of the zenith distance of the Radiant during
the Interval. : ‘

But the Intensity is insufficient to characterize the shower;
the luminosity and massiveness of the meteors is of importance.

Therefore the following quantities were introduced:

the Horizontal Horary Luminosity J. = Zz:) N and.
— 0 .

the Normal Horary Luminosity J,= Zz:, Ny, -
— 00

' the .4, being taken from table 8; the same table gives ﬁhé rela-
tive masses of the Perseids, and thus for meteors belonging to
the shower

Mo
the Normal Horary Mass MO_—_Z u ny, was computed.
. — 0

The reason why these quantities were introduced was,
besides, that systematical errors influence them in a different
way ; the Intensity (Vs or N,) highly depends upon the numerous
faint meteors for which the extrapolation factors are great; the
Horary Luminosity and Mass, however, are much influenced by
occasional bright meteors, while the probable deviations caused
by the faint meteors are negligeable.

At the end of this paper the results are given for every
day and Interval of observation; the Perseids and the meteors
not belonging to the stream were treated separately, for the
former the Normal Numbers, for the latter only the Horizontal
Numbers being computed. The probable errors are found accor-
ding to (5'). The number of Non-Perseids was taken from the
Table of Effective Numbers as the difference N — E. 4 means
the apparent longitude of the sun at the middle of the given
Interval.

Al statistical data of the preceding investigation were
based on the observations of 4, B and C. August 14-th the
Double-Count was continued by observer C (with an assistant)
and D, working alone; the latter, writing down himself the
records needed, succeeded to trace upon the map some of the
meteors observed the best. The data of this day being too
scarce to allow of a detailed treatment, a simplified method of
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reduction was used. It was assumed:. 1) that the Magnitude
Function y remained the same; for the Coefficients of Attention
were assumed preliminary values w, and @}, @, being equal
to the values found for the previous days for the same obser-

’ no ’ !
ver, and &, =—-m;, Where no and np denote the number of
c

meteors recorded by the corresponding observers within a given
Section; 8) that the true Coefficients of Attention are propor-,
tional to their preliminary values; thus

4

m,= Om, }
S

m,=Dn ],

C and D being the unknown factors of proportionality. These
factors as determined from the observations were:

0 =0,749+ 0,070 ; D = 0,948 + 0,036.

In this way the Horary Numbers for August 14-th, given
below, were obtained.

The Horary Numbers give us information as to the varia-
tion of the intensity from day to day; following mean values
for each night were found (table 10) and the results plotted
on fig. 5.

Table 10. Mean Horary Numbers. Limiting Zeni-
thal Magnitude 4,2

Date. August 1920.
9-th \ 10-th | 11-th 1 . 12-th | 13-th | 14-th

Perseids. Unit of Luminosity and Mass a 2-nd Zen. Magn, Perseid.

Mean N, | 40.0+4.4 | 780472 {196.7+105| 77.8+ 6.5 | 44.7 £ 4.5 | 353 +4.7
»w Jo | 245433 | 872431 (172.0+18.7| 47.7+3.9 | 31.0+3.3 | 33.0 5.1
» My 274446 | 36.71+4.0 |259.7 +-47.0) 483 +4.7 | 34.3+4.8 | 41.2+8.2

Non-Perseids. Unit of Luminosity a 2-nd Zen. Magn. M&teor.

Mean Nn| 75420 | 2991389 | 314+42 | 169+28 | 24.1+33 | 31.8+7.1
s Jn 33112 | 186+54|20.0+25] 78413 70+09 | 76+14

The upper curves of the figure may be regarded as repre-
senting the cross-section of the Perseid-shower for 1920; they
are schematized from necessity, the observations of consecutive



40 . . E. OPIK AllLs

" nights being separated by a considerable interval of 21 hours,
during which the variation of intensity is unknown. To obtain
a detailed picture of the cross-section, observations from diffe-

rent points on the

201 /‘75.5 \ earth’s surface
. ”[_:j}f'or Brserds ought to be made;

150 the cooperation of

/YV‘-” Non-Ferseids  oBservers located
at four observing-
points, 90° of lon-
gitude one from
another, would be
sufficient.

/'—[;\/ ~ Table 11 con-

0 . , - - Matwm  tains the average
ww oWy vl Rl 3V W 190 Horary Numbers

for each magnitude separately and their probable errors expres-

~ sed in 9/,
- The n, and n; of this table represent the Luminosity Cur-
ves of -the meteors. The logarithms of these numbers are plotted

100

50

Table 11.
Average Horary Numbers, All days (Aug. 9-th to Aug. 14-th).
. 1 — 2.0
My = 40 3530125201510 ;05]|00|—05|—10—L5 and Sum
| Brighter

Perseids

gy 22.3(18,2]16.2(11.6| 95| 4.6|3.28|1.17 056 0.16 007‘004’ 0.04 | 87.7 +- 3.1
P.E.%, {+10.0| 81| 6.7 6.7 7.0{ 94| 11 | 17| 21 38 | 45

52 |+ 52 —
g%y 36| 45| 64] 7.1| 95| 73| 82| 47| 35| 15| L1 10[ 4.0|62.6+3.1
©ny 21| 36| 50| 62| 95| 82|10.7] 68| 59| 29| 24| 24, 158(81.3+9.8
' Non-Perseids
nh 108 44]2.65[151]1.19]0.53 023|025 [0.15| 0.16]0.00 001{ 0.00 |22.0+15
P.E.O, |+ 12| 13| 14| 18| 18| 23| 85| 20| 39 |+ 50 | — —
i Nk 1.73| 112/ 1.07]0.95| 1.19 | 0.83 {0.59 | 1.01 | 0.94 | 1.61|0.00 029| 0.00 |11.3+1.2

on fig. 6. The Luminosity Curve of the Perseids is satisfacto-
rily represented by the formula

lg no =1.857 40,036 (m — 4) — 0,0928 (m — 4)*> (21).
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The curve for the meteors not belonging to the stream
has quite a different character.

If formula (21) is to be extrapolated over the fainter mete-
-ors, it means, that about 959, of the total mass of the Perseids
belongs to meteors brighter than ‘the 4-th Zenithal Magnitude ;
that gives us a means to estimate the order of the total mass
of the Perseids. Assuming, 1) that the cross-section of the
stream is a circle of the diameter = 12,5 mill. kilometers (the
5-days path of the earth); 2) that the intensity of the stream
is constant throughout its revolution and equal to the average
observed in 1920, giving a Horary Mass of 81 meteors of the
2-nd Zen. Magn.
upon 30000 sq. “/9"
km. of the cross-
section; and 8)
that the period
of revolution is
100 years, — we
obtain a mass
=3,3.10"7 mete- %
ors of the 2-nd T 55 05 s\ s
Zen. Magnitude, 98{-»
or, taking into s

account that 94
some of our data ¢
are probably un- o

: —QObserved g n,
derestimated, .5 Brseids { Computed 9 «
we assume the 4| Apy.Rrseids w—xObserved lg n,
round number
10%; with the mass of a second-magnitude Perseid =1 milli-
gram that means, that the total mass of the ‘Perseid shower is

of the order of

Fig.6. Luminosity-curves
of Meteors

August 1990

”.
10
ag
06
o4

m,

10 A5\ 00 -05 -10

10° tons.

Thus the Perseids if condensed into one body would form
a globe having a diameter of somewhat less than 1 kilometer.

Summary. General results.

1. A new method to determine the absolute number of
shooting stars has been invented and applied.

;!
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2. The reliability of naked-eye magnitude estimations of
meteors has been ascertained. The magnitudes recorded are
not affected by the angular motion in any appreciable degree.

3. In the ,Equivalent Group Method“ a means for sta-
tistical photometrical comparisons of meteors belonging to a
definite shower has been found; the method enables us to in-
vestigate the influence of various conditions upon the brightness
of meteors.

4. As indicated by the above said method the meteor
radiates uniformly in all directions.

5. From theoretical considerations, confirmed by scarce
observational data being at our disposal, it appears that during
its visibility the nucleus of the meteor maintains its initial velo-
eity almost unaltered, the retardation being the less the higher
the velocity; the main loss of Kinetic Energy takes place only
after vaporization.

Results obtained for the Perseid-shower of
August 1920, observed at Tashkent.

1) Data representing the absolute intensity of the shower
for consecutive nights were found. These data are directly
comparable with future observations if made according to the
method described ‘and may thus forward the detailed study of
the structure of the shower.

2) The order of the integrated mass of”the shower has
been estimated. .

3) A preliminary formula representing the relative mass of
meteors #s o function of their luminosity and length of path is
proposed.

4) The Luminosity-Curve for meteors belonging to the sho-
wer has been found. , (’

Before concluding I should like to express my sincere
thanks to M-r V. N. Milovanoff, director of the Observatory of
Tashkent, as well as to the Members of the Observatory and
all other persons who partook in the ditficult task to furnish
the observational data discussed in this paper.

Tartu (Dorpat) 22-nd December 1921,
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Normal Horary Numbers For Perseids. 1920,

August 9.
‘ —1.5
my={ 40| 35(3.0/25(2.0(15] 1.0 |0.5|0.0|—0.5/—1.0| and Sum
brighter|
I Interval. Am)= 136053'12”1). Cosz, = 0,6582)
ny 9.1/17.0] 5.1/ 4.5|2.0 1.7 | 1.1 (0.21/0.55/0.29[0.24| 0.00 | N, =418+ 7.7
igmy | 1.5 42/ 20/28(2027 | 28 (0.8 |35 (29 {38 | 0. | J, =29.0+56
ung | 0.9 29| 1.6/2512.0(3.1 | 8.6 (1.2 |58 |55 (83 | 0. | M;=373+9.9
Il Interval. A= 136055'55". Cosz,= 0,769
ng 3.2( 3.9| 5.6/6.2|2.9/0.10 0.60/0.92/0. |0. |0. | 0. | N,=2341438
iome | 05) 1.0/ 2.2/3.9(29(0.2 | 1536 0. [0. [0. | 0. |Jy =158135
ung | 0.3 0.7/ 1.7/84/29(02 | 2054 0. |0. 0. | 0. | My=165+45
I Interval. Ac)<=136058'09”. Cosz,= 0,846
g 16.9/18.8|111.7|45 25121 | 87 0. [0. [0. 0. | 0. | Ny=547+95
tomy | 27| 3.3 47/28(2533 193 0. (0. 0. [0. | O |J, =286+7.0
pmng | 16 2.3 3.6 252538 120 /0. |0. 0. (0. | 0. | M;=283+83
August 10.
—0.5 N
mo=|40[35(80|25[20|15(10|05 |00/ and Sum
brighter|
[ Interval. Ac)=137049"40". Csz,= 0,617
ng 35.8(27.5 214 | 5.1 | 6.8] 2.7 [0.90|0.36| 0.24] 0. | Ny=100.8+148
tomg | 57| 6.9, 86(32| 68|43 | 23| 14 15| 0. |Jy= 407+ 46
um, | 84| 47, 66|28 | 68|49 | 29| 21|25 0. | My= 367+ 48
II Interval. A= 137052'38". Csz,=0,738
"y 38.3(10.2|12.7| 7.3 {11.2| 8.9 | 0.77{0.28| 1.07| 0. | Ny= 85.6+414.0
Wy | 6.1 25] 51|46 (112162 (19 (11 |67 | 0 |J, = 454+ 69
puny, | 3.6| L7| 39|40 11.2{70{25 (16 |11.3 | 0. | My= 468+ 89
III Interval. }.O=137044’ 57”. Csz,=0,826
g 9.7|103]18.2| 47 | 48| 2.2 |22 |0.34) 0. 0. | No= 474+ 7.2
iomy | 13| 21| 44|24 | 48385 (55 |14 | 0. 0. |Jy = 254+ 44
umny | 09 L7] 41} 21| 48|40 |71 |20 |0 0. | My= 267+ 65
1) o= apparent geocentric longifude of the sun for

the Interval
2) Cosz,= mean Cosinus of the zenith distance of the Radiant.

the middle of
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Normal Horary Numbers For Perseids. 1920.
August 11

mo=| 40| 35| 3.0 25 2.0{1.5 10105 0.0 |—0.5—1.0{—1.5/—2.0| —3.5 Sum
I Interval. 1) =138°47"33". Cos 2, = 0.636
ny |54.5|32.7)32.2) 89.7|24.7| 6.3 5.4 5.9 3.0{ 1.36| 0.42| 0.58 0.31| 031 Ny =207.4+ 204
i | 8.7| 8.2|12.9]25.0[24.7|10.0113.5/23.5(18.9.13.6 | 6.6 |14.6 [12.3 | 48.0 | J, =240.5 + 36.8
ung | 52f 55/10.0 21.8/24.7|11.317.634.5 31.8}25.9 14.5 (36,0 [34.7 2030 | M,=476.5 +139.0
I Interval. Ac)=138950"09". Cosz, = 0,744
ny |44.0/40.3)38.6) 26.122.7) 6.5| 6.9| 8.7 29| 057/ 0. | 0. | 0. | 0. | Ny=1923+ 187
my) 7.0(10.1115.4] 16.422.7|10.3|17.3{14.7]183| 57 | 0. | 0. ' 0. | 0. | J, =137.9+ 125
uno| 42| 6.812.0/143227|11.722.421.7307)10.9 | 0. | 0. | 0. | 0. | My=1574+ 180
i
III Interval. Ac)= 138,52'33”. Cosz, = 0,831
ny |49.8)35.6 21.2) 200119.221.616.6/052) 0. [ 0. | 0. | 0. |0 | 0 | My=1005+ 152
wny| 8.0 8.9 10912.6/19.2/34.141.7) 21/ 0. 1 0. | 0. | 0. | 0. | 0. |J, =237.5+ 128
png| 48 6.0 84/11.019.2389)53.9) 3.0[0. | 0. | 0. | 0. | 0. | 0. | My=1452+ 153

Remark. One casual bright meteor of the Zenithal Magnitude — 3.5 has -

considerably influenced the Horary Mass of the l-st Interval, whence

the excessive value of M, and its great probable error.

August 12,
0.0
my=1{ 40 | 85 | 30| 25| 20| 15| 1.0 | 05 | and Sum
brighter|
I Interval. )= 13904509". Csz,= 0,641
ng |155| 50| 70| 1L5]106{ 19| 144| 039 0. | Ny= 5331106
iwng | 25| L2} 28| 72106 30| 36 | 1.6 | 0. |J, = 325+ 49
ung | 15| 08| 22| 63|106 34 47 | 23 | 0. | M,= 3184 50
IT Interval. Ac)=139947'45”. Csz,=0.749
ny | 240|245 255] 9.1]101) 75| 211 0.11| 0. | Ny=1029+13.6
iwne | 38| 61102 57[101|118] 53 | 04 | 0. |J, = 53.4% 59
ung | 23| 42| 79| 50[101[135| 68 | 0.6 | 0. | My= 504+ 6.2
Il Interval. Ax)=139050"18". Csz,=0.837
ne | 141|187 | 132]| 118| 76| 53 31 | 35| 0 |Ny= 773+ 92
iy | 23| 47| 53| 73| 76| 84| 7.8 1189 | 0. |J, = 57.3+ 88
ung | L3 | 821 41| 65/ 76| 95101 1205 | 0. | My= 628+115
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.

Normal Horary Numbers For Perseids. 1920.

August 18.
y ' —15
my=| 40| 35| 3.0| 25|2.0/1.5(1.0/0.5]|0.0|—0.5/--1.0| and Sum
: ’ brighter|
I Interval. A)= 140°42'50". Cosz,= 0,650
ny, | 2.0/11.716.8| 11.4] 4.9 |1.33/0.17/0.17/0.62{ 0.08 | 0.43] 0. | N, =49.6 + 8.9
iomy | 0.3 2.9 6.7 7.2(49(21 |04 (0.7 |39 |08 |68 | 0. |J, =36.7+ 638
mny | 027 1.9 54/ 6.3/4.9(24 0.6 {10 6.6 |14 ]13.9 | 0. |My=446+113
I Interval. A() = 140°45'26". Cosz, = 0,759
ny | 6.4/107) 55 6.255(25 [L.28]1.19(0. |0. (0. | 0. |N,=393+ 74
igng | 11| 27 22 89/55(4.0 3.2 47 (0. 0. [0. | 0. [J, =273+ 47
umy | 06 L8 17 3455|4542 7.0 0. 10. | 0. | 0. [M=287+ 58
Il Interval. A= 140047°50”. Cosz,= 0,841
m  |113{105] 6.9 297.6[3.1 30 0. jo. lo. |o. | o [m =453+ 70
ipme | 1.8 2.6/ 2.8/ 1.8/7.6(49 |75 /0. (0. |0. |O. 0. |Jy =290+ 55
wng | 11| 18 21| 16/7.656 (0.8 0. 0. 0. |O. 0. |My,=29.6+ 65
August 14
—1.0
my=1 40| 35| 30| 25| 20| 1.5 L.0| 05| 0.0 [—0.5| and Sum
brigther
I Interval. A7) = 141042°07". Csz,=0,722
ny |00 76| 73115510 1.6/ 00! 00] 3.0 0.70] 0. | Ny=36.7+ 7.1
igmy [ 00| 1.9] 29/ 98(1.0{25| 00| 00(189] 7.0 | 0. |J, =440+ 838
uny | 00| 1.3] 23| 85| 1.0f 29| 00| 0.0]31.8{133 | 0. | My=611+153
Il Interval. ic)= 141045"19". Csz, = 0,841
ng | 0065131 7.6/ 43 00|24|0. | 0. | O. 0. | Ny==339+ 62
igmg | 0.0] 1.6 52 48| 43| 00[6.0]0. | 0. | 0. 0. |y =219+ 51
ung | 00| L1] 40| 42/ 4300|780 |0 | O 0. | My=214+ 60
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Horizontal Horary NumbersForNon-Perseids. 1920.

August 9.
05
my= 40 3.5 3.0 25 ] 20 |15 10 and Sum
brighter
I Interval
nh 0.0 0.0 0.1 13 | 06 | 0.0 { 0.63 0. Np== 26+1.1
i N 0. 0. 0.0 08 | 0.6 | 0.0 | 16 0. Jrn = 31+%13
II Interval
nh 2.5 1.1 1.3 1.0 1 02 | 0.1 |0, 0. Np= 62129
o Pk 0.4 0.3 0.5 06 [ 02 | 01 {0, 0. Jrn = 22409
I Interval ’

N 48 5.6 0.8 10 { 15 | 0. 0. 0. Np=13.74+5.1
iy Nk 08 | 14| 03 | 06 | 1.5 | 0. |O. 0. cJm= 46+%18
August 10.

| ’ —10] 1\
my=| 40 | 35| 3.0] 25| 20| L5 1.01 05( 0.0 [—0.5| and Sum
: :brxghter
I Interval
nh 14.711.9| 1.6| 0.7 1.5|0.36] 0.52| 0.49| 0.36| 0. 0. | M=3211+ 7.0
wrn | 23} 3.0|06| 04| 1.5/06 (1.3 (20|23 0. 0. | Jn =140+ 2.8
II Interval
nh 166 83! 34121]06|0. {0. [0. {0. |O. 0. | Mv=31.0+ 7.7
1o Mk 2.7 21| 14{13|06{0. |0. [0. {O. 0. 0. Jhn = 81+ 1.7
HI Interval
Nnh 132| 3.4(34/06] 11|14 ’0.4 0.70/0.28) 2.00, 0. | Na==265+ 55
1 Nh 2.1 0.8] 1.4} 04 L.r|22 !1.0 2.8 1.8 120.0 0. Jn =336+ 124
August 11
my=| 4.0 135(3.0[25[2.0 1.5 E 1.0| 0.5] 0.0 |—0.5—1.0)—1.5 Sum
|
I Interval
nh 14.3(4.2(8912210.7|0.61|0.71]/0.97/0.97| 0.41 | 0.14| 0.08 | N»=29.2+6.9
tone | 2.3[/1.0|1.61.4/0.7{1,0 |18 |3.8 |6.1 {41 |23 |20 Jrn =28.1+55
Il Interval
nh 25.018.312.7|2.6{2.42.3 |0.47,0.70/0.31|10. 0. |0, Nn=448+93
tonn | 40(21/1.111.6]24(37 (1228 119 |0. [0. |[O. Jn =208+3.9
1IT Interval
nh 73(33|24/32(18|16 |07 |0. ;0. !0. |0, |0. | Nu=2034+45
fonn | 1.2]08(1.0/2.0|1.8|25 j1.8]0. [0. {0. [O0. |O. Jn =11.14+29
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HorizontalHorary Numbers For Non-Perseids. 1920.

August 12,
‘ —05
my=| 40| 85|80 /25 20|15[1.0| 05| 00| and Sum
brighter|
- I Interval i .
mo | 12] 00|89 3] 1608 [00losso | o | m= 93+26
Gomn | 0.2 00|1.6]08 1613|0018 | 0. 0. | Ju= 73+19
II Interval
ne | 90| 2312110300032 00047032 0. | Mi=148458
iomn | 14| 0608 |02]00[05 |00] 19 [20 | 0 | Jn= 7AL29
11 Interval
mo | 157] 84|28 ]20]24008 [0 o o | o | m=2e6+58
wnen | 25| 08| 11[ 132405 0. |0 |0 0. | Ju= 86420
~August 13.
I 1.0
me= | 40 |. 35 | 30 | 25 | 20 | 15 | ama Sum
brighter
I Interval
i 185 | 57 | 49 | 21 | 26 | 006! o Nn=339+82
i Th 30 | 14 | 20.] 13 | 26 | o1 0. T =10.4+2.0
II Interval
na 120 | 60 | 54 | 17 | 01 | o 0. Np=26.1+4.1
iy 21 15 | 22 | L1 | o1 | o 0. Jh= 70+13
’ III Interval
nh 59 | 41 | 1.0 | 06 | 08 | 0. 0. Ni=124+37
iy Mk 09 | 1.0 [.04 | 04 | 08 | 0. 0. Jh= 35+11
August 14.
2.0
my= 4.0 1 3.5 3.0 25 and Sum
brighter
I Interval
- 175 | 137 | 68 | 0. | o | m=380+126
o | 28| 34|27 | 0., 0 | Ja= 79+ 23
II Interval
i 112 | 67 | 49 | 28 0. | Nn=256+ 65
ik 18 | L7 | 20 | 18 | 0 | Ju= 73+ 16
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Supplement.

Instruction For Statistical Observations of Shoo-
ting Stars. \

The Double-Count Methiod.

At least two independent observers are needed, located
80—200 meters apart from one another; the distance must be
chosen so that ordinary speech of one observer could not be
heard by the other, nor shall the observers see one another.
It is desirable that each observer be accompanied by an assi-
stant, recording the time and other data under the dictation of
the observer; this enables the observer to watch for meteors
uninterruptedly. If the intensity of the shower is moderate —
say, not more than 20 per hour — an experienced observer may
work alone, without assistant; in this case, however, meteors
appearing in groups will be systematically omitted.

The observers watch during one and the same interval of
time a definitely limited region in the sky, of a diameter not
exceeding 60°; the beginning and end of the observations may
be marked by some loud signal. A preliminary acquaintance
with the region must antecede the observations.

During the observation the eye is to be moved uniformly
throughout the region; the observer may imagine a circle
at a median distance between the centre and the boundaries of
the region, and move the eye uniformly along this circle, substi-
tuting sometimes this movement by a transverse one.

Care shall be taken to avoid the influence of external illu-
mination upon the observer’s eye; the lamp must be carefully
screened; if the moon is above the horizon, it may be advisable
to use a transportable screen, placed so as to shadow the eye
from direct illumination. The attitude of the observer must
be comfortable enough; every source of fatigue shall be avoided.

Data concerning the quality of sight of the observer must
be given together with the observational records. .

The Observational Records.

At the beginning and the end of the observations the
condition of the sky must be noted as well as every change
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occurrihg in the sky: the appearance of haze, clouds etc. To
note the condition the following scale may be used (a normal
acuteness of the observer’s eye is supposed):

1..... hazy; stars up to the 2-nd magnitude

2 e w » » » 8-d — 4-th magn.
2 w  m w w Dth »

4. ... w  » » w B5—6-th "
S faintest stars visible.

- The atmospherical absorption plays an important
part in the reduction of the observations; with an accuracy
sufficient for our purposes the coefficient of absorption may be
determined in the following way: the observer choses several
stars of the 2-nd magnitude and brighter; these stars, when
at an altitude from 4° to 15° above the horizon, are to be com-
pared with stars at an altitude not less than 80°and photo-
metrically about 0,5—2,0 magnitudes fainter than the former;
the time of comparison must be carefully noted ; the comparison
may be made according to the method of Pickering: two com-
parison-stars are chosen, one brighter, the other fainter than
the star near the horizon; the brightness of the latter is evalua-
ted in tenths of the interval between the comparison-stars.
Such comparisons must be made before, after and between the
observations. , :

The records to be noted are: 1) the number; 2) the mo-
ment of time; 3) the magnitude; 4) the position; 5) the direction
of the path; 6) the length of the path; 7) the duration of flight;
8) the colour; 9) remarks. The last four data (6—9) are of a
secondary importance and may be omitted, if the intensity of
the shower is too considerable to allow of a complete record.

The time is recorded by the assistant with accuracy to
1 second from a short signal of the observer. The chronome-
ters or clocks of the observers must be compared before and
after the observations. It must be pointed out that accurate
knowledge of \the absolute time is not needed: for purposes of
identification of the meteors the relative differences between .
the clocks will be sufficient; these differences may be found
even from the common meteors observed. The absolute correc-
tion of the clocks must be known to 0,5 minutes of time.

4
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The beginning and end of the observations is to be noted
to 0,1 minute of time.

The magnitude of the meteor is to be recorded to
095, Definite stars of comparison, whose magnitudes rounded
off to 0,75 must be remembered, are chosen within the region,
and immediately after the apparition of the meteor the eye
must be directed on the corresponding comparison-star; esti-
mations by memory must be avoided; such estimations may be
applied of mnecessity only for very bright meteors; in this case
one may make use of the following scale:

Object Magnitude . Object Magnitude
o Tauri d1 Jupiter o =25
. Venus ~ from —3 to —4
@ Aurigae, o Lyrae, } 0 | The Moon, I or III
: Siriae a Bootis L. quarter _y
) Full Moon — 12

The stars of comparison may be chosen in two different
ways: 1) from 4 to 6 standard stars, ranging from the 1-st to
the 5-th magnitude, are taken near the centre of the region and
the comparisons are made only with these stars; 2) from 20 to
30 stars, uniformly distributed over the whole region, are chosen
and the meteor compared with the nearest star of the suitable
magnitude, The advantages of both- methods are: in the first
case an uniformity and exactness of the scale of comparison
stars is attained; in the second — the effect of atmospherical
absorption will be nearly eliminated. In the schemes given
below the first proceeding has been preferred.

The position of the meteor is of great importance
for purposes of identification and reduction. - The whole region
must be divided into sections, limited by lines joining certain
stars. The diameter of the sections may range from 10° to 20°;
but their vertical diameter shall not exceed one third of the
mean  altitude above the horizon during the whole tlme of
observation.

The observer records the section where the middle of
the meteor’s visible path appeared; the various sections may be
denoted by numbers or by neighbouring stars.

Meteors for which the mlddle of their path would be located
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without the boundary of the region, must be omitted or may be
- recorded only with a special remark: ,without the region®.
\‘ The direction of motion is reckoned from a line
joining two conspicuous stars within the region; the observer
may imagine, that a geographical map is placed before him,
where the line mentioned above is taken for a meridian or a
parallel ; then the direction will be recorded as the direction of
an’ imaginary wind; e. g, NE would mean, that the meteor
moved from NE to SW.
The length of the path may be estimated in degrees;
for comparison standard distances between certain stars may serve.
‘The duration can be estimated only if considerable

enough — say not less than % seconds of time.

The colour may be described in words, e. g. — white,
yellow-white, yellow etc. Standard stars must be chosen, as,
for instance: 4

Star Colour
a Lyrae White
a Aurigae , Yellow
a Tauri Orange.

Colour-estimations can be obtained only for the brighter
- meteors.

It is desirable that the Double-Count observations would
be accompanied by simultaneous tracing of the meteor-trails upon
a map, executed by a third independent observer; such parallel
observations allow of the determination of various systematical
errors. The observer must avoid the for-conceived selection of
meteors belonging to a certain Radiant.

To facilitate the reduction a homogeneity of the obser-
vations is required; the observations must begin and end at the
same hour during the consecutive nights. Between every 50
minutes of observation it is advisable to place a 10-minute
interval. '

Below are given schemes for the Double-Count observations.

. I. The North Polar Region.

This region suits best General Statistical Invevstigati‘ons to
be made the whole year.
4*
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Limits of the Region:

&, y Cassiopejae; ¢, a, ¢ Cephei; 6, %, ¢, a Draconis; «
k, o Ursae Majoris; 8 Camelopardali; ¢ Cassiopejae.

3

Limits of the Sections:

Section Limits
"I o Ursae Minoris, B. D. 81°802 Draconis (a = 9%23™
0=281°46" m=4.4), B, v Ursae Minoris. %, ¢ Cephei,
.o Urs. Minoris. ,

II B Urs. Min.; B. D. 81°3802; ¢ Ursae Majoris, 4, » Dra-

conis; B Ursae Minoris,

IIT o Ursae Min.; B. D. 81°302; ¢ Ursae Majoris; y Came-

lopardali, ¢ Ursae Minoris.

IV o Ursae Min.,, y Camelopard., A Cassiopejae, y Cephei,

a Ursae Minoris. ‘

V #, 7, B Cephei, ¢ Draconis, » Cephei.

VI ¢, 0, §, n Draconis, y Ursae Min., » Cephei, ¢ Draconis.
VII B8, y Ursae Min., 7, ¢, a, # Draconis, § Ursae Minoris.
VIII @, %, A Draconis; a Ursae Maj.; a Draconis.

IX A Draconis; g, o, & Ursae Maj., 4 Draconis.

X o, o Ursae Maj., B, y Camelopard. ¢ Ursae Majoris.

X1 & A Cassiopejae, y, § Camelop., ¢ Cassiopejae.

XII 4, & y Cassiopejae; ¢, o Cephei; A Cassiopejae.
XIII A Cassiopejae; o, ¢, 8, y Cephei; A Cassiopejae.
XIV «, a, & Cephei; d, ¢ Draconis; 8, + Cephei.

Comparison-stars :

: Magnl. Adopted

Star P.D, . Magnitude
a Ursae Minoris 2.3 2.5
y Cephei 3.4 8.5
¢ Ursae Min. 4.5 4.5
B. D. 85° 3883 5.4 5.5

(a =22"21™ =185°36" 1900)

Stars for the Determination of Atmospherical Absorption :
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Star Magnitude P. D.
a Lyrae 0.4
o Aurigae 0.4
o Persei 2.2
y Cassiopejae 2.5
 a Cygni 1.6
n Ursae Majoris 2.3
e ” " 2.2

These stars must be compared with the preceding compa-
rison-stars.

Colour-Standards: ¢ Ursae Minoris . . . .. yellowish-white.
g ., y e e orange.

Fixed Line for Records of Direction: a — g Ursae Minoris.
Standard Distances for the Estimation of the Length of Path:

a Ursae min. — y Cassiopejae = 29°
T » — B Ursae min. =17
” ” ‘ ” — & ” ) = 81/2

~The time of the observations must be arranged symmetri-
cally before and after Midnight.

O. Scheme for Double-Count Observations of the
Lyrids (from April 15 to April 25).

Limits of the Region:

8, . 6, ¥, ¢, » Cyghi; ¢, § v, u; 17 Draconis; v, ¢, x Her-
culis; , ¥, B, a Coronae; S Serpeniis; w, » Herculis; %, 8, 72
Ophiuchi; 110, 118 Herculis; 8 Cygni.

: Limits of the Sections:
Section Limits

I ¢, v Herculis, 17, u, », & y Draconis; ¢ Herculis.

Il m, o, ¢, v, 6, # Herculis.

Il & =, o, v, @, x Herculis; {, #, o, v Coronae; ¢, ¢ Herculis."
IV v, 8, { Herculis; », o, %, §, 4, 8, a Coronae; B Serpentis ;
, o, vy Herculis.

V ¢ Herculis; y, & ¢ Draconis; » Cygni; R, a Lyrae; « Herculis.
VI o, » Lyrae; v, § o, ¢ Herculis; a Lyrae.
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Section Limits

VII & u, 96, & @, o, & Herculis. .

VII B, ¢ 6, a, 8 Herculis.

IX v, 8, o Herculis, » Ophiuchi; 4, , y Herculis.
X y, 8, a. R Lyrae; «, ¢, ¥, 6 Cygni; ¢, y Lyrae.
XI @, g Lyrae; 95, § » Herculis; #, a Lyrae.

XII & u, 0, a Herculis; a Ophiuchi; 95, & Herculis.

XIII @, 8, » Ophiuchi; o Herculis; a Ophiuchi.

XIV 4, x, B Cygni; y, & Lyrae; 6 Cygni.

XV B Cygni; y, 8 Lyrae; 95, 110, 118 Herculis; g Cygni.

XVI @, 8, 72 Ophiuchi; 110, 95 Herculis; a Ophiuchi.

Comparison-Stars :

Star Magnitude L
P. D. Adopted Stars for the Determination of At-
Lyrae 0.4 0.5 mospherical Absorption :
[1 . 5] :
. . ' Star Magun. D. P.
a Ophiuchi 2.5 2.5 Aquilae d 14
0 Herculis 85 = 856 @ AqQuit :
A, 4.6 4.5 o Cygni 1.6
d " 5.6 5.5
Colour-Standards: a Lyrae, .« Ophiuchi . . . .. white
Ly P
‘ y Draconis . . . ........ orange.

Fixed Line for Records of Direction: o Lyrae — 8 Herculis.
Standard Distances for the Estimation of the Length of Path:

a—aa Herculis ==221/,0
C—‘" » = 71/2
w—0 ” 2

The Observations may begin at 11* M. T. The Sidereal
Time of the beginning and the end of the observations must
be the same during the whole period.

. Scheme for Double-Count Observations of
the Perseids (from Aug. 8 to Aug. 14) and of the
Andromedids (November 14 to Nov. 20).

Limits of the Region:
a, 1, 4 Andromedae; 7, =%, ¥, ¢« Cassiopgjae; B Camelopar-
dali; a, n, « Aurigae; @, 4, f Tauri; u Ceti; § Arietis; # Piscium;
n, {, & Andromedae.
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Limits of the Sections:

Section Limit
I 9,7 o u Persei; ¢ Aurigae; 8 Camelopard.; ¢ Cassio-
pejae; n Persei.
I @, y, », 9, ¢ Cassiopejae; #, ¢ Persei; ¢ Cassiopejae.
IIT 2 Andromedae; 7, x, y, &, = Cassiopejae; 4 Andromedae.
IV ¢, 0, 7, a, #, B Persei; y Andromedae; ¢ Persei.
V 8, u, v Andromedae; s, ¢ Cassiopejae; ¢ Persei; 7, 8
Andromedae. ‘
VI a, ¢, A Andromedae; & Cassiopejae; », u, B, §, ¢ Andro-
medae. '
VII B, &, u, a, %, § Persel
VIII B, ¢ & & o Persei; ¢ Arietis; o, 3 Persei.
IX B, o Persei; ¢, o Arietis; y Trianguli; y Andromedae;

B Persei.
X B, y Andromedae; y Trianguli; @, 8 Arietis; § Andro-
medae. ‘ '
* XI q, 6, 8 Andromedae; 8 Arietis; 5 Piscium; #, & o An-
dromedae. ¢

XII & & p Persei; a, n Aurigae; & Persei.

XIH ¢, & Persei; », ¢« Aurigae; ¢ Tauri; { Persei.

XIV. s, ¢ Arietis; o, { Persei; ¢, 4, ¢ Tauri; ¢ Arietis.

XV n Piscium; 8, a, ¢, &, @ Arietis; u Ceti; & Arietis;
7 Piscium.

XVI u Ceti; @, ¢ Arietis; 9, A, f Tauri; u Ceti.

Comparison-Stars :

Star Magnitude Stars for the Determination of Atmo-
P. D. Adopted spherical Absorption.

a Aurigae 0.4 0.5 Star - Magn. P. D.
a Persei 2.2 2.0 p Tauri 2.0
y o, 3.2 8.0 B Orionis 0.6
i, 4.2 4.0 a Geminorum 1.9
¢ Andromedae 5.6 55 B » 1.5
a Canis Minoris 0.7

Colour-Standards: a Persei . . .. .. yellowish-white

# Andromedae . . reddish-orange.

Fixed Line for Records of Direction: y—a Andromedae.
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Standard Distances for the Estimation of the Length of Path:

a Andromedae — o Cassiopejae . . . 27°
o—f3 Persei . . . . . . . . . . 10°
B—Q » . . . . . . . . . . 21/40

The observations of the August meteors may begin at
11+ 30" M. T. .

The observations of the Andromedids — during the
whole night.

The Sidereal Time of the beginning and the end of the
observations must be the same for the whole period of obser-
vations of one shower.



