Frequency curves of meteorites
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Ozet : Enstitiide, her giin kiigiik miktarda demir tozlarinin arz iizerine
diigtiigi goriilmiigtiir. Cali hazirda, bu demir tozlatinin mengei belli degildir.
Atmosferdeki bu tozlar, riizgdrla kumlarin aginmasindan ileri gelmis olup,
tamamen atmosferik bir hadise olabilir. Veya bn tozlar arz digi mengeli olup
meteorlarla aldkali olabilirler. Bunlardan hangisi olduguna hiikiim vermek icin
bir kriteryum, demir tozlarinin giinlik miktarinin mevsimsel degisimlerinin
meteorlarin mevsimsel degigmelerine tekabiil edip edemodigine bakmaktir.

Hem viziiel olarak rasad edilen hem de giindiiz zamani rasad edilen
meteorlarin hesaba alinmasi 1dzimdlr. Whipple tarafindan yapilan fotografik
aragtirmalar ve Radio Astronomide elde edilen neticeler (Lovell, Clegg, Porter,
Preatice a. o) meteorlarin giines sisteminin daimi azalar1 oldugu ihtimalini
gittikge arttirmasina ragmen, meteorlarin menseleri katiyetle bilinmemektedir.
Bu makaledeki ii¢ ayr1 egri serisi, su kabuller esas ahinarak hesaplanmigtir.

A. Meteorlar kozmik menselidirler.

B. Mcteorlar gbneg sisteminin azalaridirlar ve ekliptik diizleminin iginde
veya yakininda yéoriingeler cizerler.

C. Meteorlar giineg sisteminin daimi azalaridir ve giineg ekvator diizle-
minid iginde veya civarinda yoriingeler.

Hesaplanan egrilerin bazi Snemli karakterleri incelenmigtir.

Abstract

It was found at this Institute that daily small amounts of
iron dust fall on the surface of the earth. At present the origin
of this iron dust is still unknown. It may be a purely atmosphe-
ric phenomenon, the iron dust in the atmosphere being due to
wind and sand erosion. It also may be that the iron dust is of
extra-terrestial origin and is related to the meteors. One of the
criteria on which the decision depends is whether or not the
seasonal changes in the diurnal amount of iron dust correspond
with those of the meteorites.
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With the meteorites both the visually observed and the day
time meteors must be taken into account. The origin of the
meteors is not known with absolute certainty, though the foto-
graphic researches by Whipple and the result obtained in radio
astronomy (Lovell, Clegg, Porter, Prentice, a.0.) have made it
increasingly probable that the meteors are permanent members
of the solar system.

Still in this paper three different sets of curves are compu-
ted which are based on the assumptions:

A. The meteors are of cosmic origin; :

B. The meteors are members of the solar system and des-
cribe orbits in or near the plane of the ecliptic;

C. The meteors are permanent members of the solar system
which describe orbits in or near the plane of the solar equator.

Some significant characteristics of the computed curves are
discussed. '

§ 1. Introduction.

At the beginning of this year it was observed at thig Insti-
tute, that daily small particles of iron are falling on the surface
of the earth. In February 1954 A. Kizilirmak started a series of
observations in order to determine the amount of iron dust
which falls per unit square surface and to ascertain whether any
seasonal changes can be observed. In due course he will report
about his observations. ‘

As yet the origin of these iron particles is unknown. The
iron particles may be related to meteorites, but the possibility
that their origin is terrestial cannot a priori be discarded, es-
pecially on the dry Anatolian plateau with its many rock forma-
tions with iron contents. The seasonal changes which seem to
be present may give some information. If the seasonal trends in
the appearance of the iron dust coincides with the trends in
the occurrence of meteorites, this might suggest a cosmic ori-
gin. At present such a comparison of the two trends is still im-
possible. p ‘

When the observations, which are now being carried out at
this Institute for the iron dust, will be completed, the curve for
the seasonal change of the amount of iron dust will become
known. It will be difficultto obtaina similar curve for meteorites.
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For the visually observed meteorites such a curve has been
given by Whipple ® a. o. However, from the observations of
Clegg and Lovell @ it can not be doubted, that the visually
observed meteorites form only a part of the total numbers. It
may be that the majority of the meteorites falls during day time
and the curve for the total numbers might deviate from that
obtained from the night meteorites. Therefore in the present
article an attempt is made theoretically to determine the curves
valid for the meteorites. In this we are confronted by the diffi-
culty that the origin of the meteorites is not known with abso-
lute certainty. Therefore various possibilities are being conside-
red and curves are computed corresponding to these various
possibilities. The following cases are considered:

A. The meteorites are of cosmic origin. As a result of the
velocity of the sun through space, successive layers of particles
in the surrounding cosmic cloud are drawn into the solar sphere
of attraction and forced to describe an orbit around the sun.

B. The meteorites are moving around the sun in closed or-
bits which are confined to or are near to the plane of the
ecliptic.

C. The meteorites are moving around the sun in closed
orbits which are confined to or are near to the plane of the
solar equator.

§ 2. The orbits of meteorites from interstellar space.
(figure 1).

We first consider the case A. Let the velocity of the sun,
relative to the surrounding cosmic clouds, be V3 and let rela-
tive to the sun the celestial coordinates of the Apex of this
solar motion be A’y and f’. For computing the orbits of the
particles around the sun, the sun may be considered to be at
rest at the origin, while the particles approach the sun with a
velocity V5, which at infinite distance is parallel to the direc-
tion from the Apex to the sun. ,

In the gravitational field of the sun the particles describe
an orbit which is given by the usual relation:

- Rl
T = 13 ¢ cos (0—-180) ‘ (1.2)

while the velocity is found from
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V=Vg + %ﬂ (2.2)

The particle passes through its perihelion at some point P on

the extension of the line connecting the origin and the Apex.
At perihelion distance we have

24 2\ Al
Vi=Vig+ i B=R}-V; and Rp_ll - (3:2)

where Vp is the velocnty at perihelion and Rp the perihelion
distance. So for a particle which passes through a given peri-
helion distance Rp in virtue of (1.2}, (2.2) and (3.2) we bhave:

VZ

[ RP ——%) + 1
and
VZ
Rp- (Rp—p‘@ +2) ,
r= N - (4.2)

14+ ( RP-—EQ +1) cos (8—180)

Through any point of the ecliptic there will pass two streams
of particles, an incoming and an outgoing, of which the veloci-
ties are equal but in opposite direction. For the particles which
pass twice through the plane of the ecliptic the distances from
the two points of intersection to the sun are unequal.

With sufficient accuracy the orbit of the earth can be con-
sidered to be circular. Consequently through each point of the
earth’s-orbit also two streams of particles will pass, an incoming
and an outgoing one. (see fig. 1). For the particles passing
though the earth’s orbit at longitude A’ the orbit is found from

cos 0, = cos B cos (A'—1")) <.+« (5.2)
and so if the distanceof 1 A. U is represented by A, it follows
from (4.2) that the perihelion distance of a particle which pas-
ses through the earth’s orbit at longitude 1’ is equal to:

, A-Vé) :

Ren'= o 2vz [ ;2 +—;— cos f cos (7‘?“‘ 2o

AVET | | |
3 :
+ \/(2+ pO cos f cos (A'—45)-+4A {1-—cosficos(A"—1%) ] (6.2)
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The relative density of the stream of particles passing through
the point A" and the value of the angle 6, which the direc-
tion of the radiant includes with the direction of the Apex are
found in the following way.

From (4.2) and (5.2) it is evident that r becomes infinite for

orbits particles

Direction Apek

cos 9§, == 1
a™ 2
,v@‘
Rey T+ 1
and therefore
-1 1 4
B, = cos V2 «ee (1.2)
(1 + RP,XI ——:2)

Now imagine a sphere of almost infinite radius, with the
Apex as its pole. | On the sphere we have a narrow circular
band, defined by the angles 0, and 6, + d 08, The total number
of particles passing through this belt is C, d sin 6,/d§, while
C, and C; are constants. '




FREQUENCY CURVES OF METEORITES - 217

Consequently the relative density. of the stream of particles
passing through A’ is
p==C cotg b, «ve (8.2)

For the particles passing through 2’ the radlal and tangential
velocmes in the point )\’ are:

VZ
p (RM"—@ +1)
Vr=—esin (0; —180)=1p - ... (9.2)

h
- N . 2
RP!A\/(V +RP,)\)

Vb ;
: 1+ (Rp,x— +1) cos 6;\]
V,=m,[1 4+ e cos(s,—180)] = i S (10.2)
RP;)\\/( + 2‘1 )
@ RP)?»

Obviously the radiant of the particles passing through the
point 1* does not coincide with the Apex. At any point A’ the
angle between the direction of the velocity and the direction
of the Apex is 0, +-90°. Consequently the angle £ included be-
tween the direction of the radiant and that of the Apex is equalfto:

Vi
\Z

£{=0),190 -+ tan! - (11.2)
In any point A’ the tangential velocity is perpendicular to 2O and
in the plane through 1’ and the axis OA. The components of
V, in the plane of the ecliptic and perpendicular to this plane
are V, cos W and V, sin ¥ where the angle W is easily found
from spherical trigonometry. Therefore we can now find the
three components of the total velocity Vi, Vo' and V¢ relati- -
vely to a system of coordinates which is fixed ad A’.

As for the earth a circular orbit has been assumed, the velo-
city of the earth in its orbit will be ' '

VEZ\/§

So the components of the velocities of the particles relatively
to the earth will be:

Vi = Vg — V,=V,” and V{ =V{" ... (12.2)

A ’
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The celestial longitude and latitude of the apparent radiants
now will be: :

7 - Vn
ha=7t+90+tg‘vE (13.2)
and .
VE2_*_VT|2
‘= cos™! .. (14.2
PR'= cos™ N\ Y Vg Vi (14.2)

Passing from heliocentric coordinates A’ ard ' to the geo-
centric coordinates A and § by the usual relations

sin 3 =1sin B cos £ + cos B cos & sin A and cos d cos = cos fcos A

(¢ = obliquity of the ecliptic) the R. A and declination of the
apparent radiants arefound.

§ 3. Some nulherical results.

The relations discussed in section 2 can only be applied if
the velocity of the interstellar cloud relatively to the sun is
given. For the present it is assumed that the velocity of the
cloud is zero with respect to the local system of rest.

It should be realised that it is quite possible that the cos-
mic cloud surrcunding the sun has a peculiar velocity. As a
matter of fact Hoffmeister ® thinks that there are some indica-
tions that such a peculiar velocity exists. However, as long as
no more definite data are known, the best thing to do is to
assume that the velocity of the cloud merely is the reflected
solar velocity. '

Consequently for Vi the value Vi =20 Km/sec. was adop-
ted and for the coordinates of the Apex the values a =270
and 3= + 34", Then %,=270" and B,=157" (fig. 1)

First from the relation (6.2) we compute the perihelion dis-
tance Rp,, for the particles passing through the earth’s orbit at
a point of longitude A’. Next cos f, is computed from (7.2),
while the relative stream density p is obtained from (8.2) where
c is taken equal to 1. The phase angle @) is found from (5.2).
The results appear in table 1.

By inserting the values given in table 1 in the equations
(9.2) and (10.2) wé next find the values of the radial and the
tangential velocities as given in table 2. The value of {as com-
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Table 1.

value of A'—3¢’

celestial longitude A’ (heliocentric)

celestial longitude A (geocentric)

Perihelion distance Rp,) for particles passing throuh A (form 6.2)
Asymptote cosO, for particles passing through ) (form 7.2)
Stream densities p of particles passing through ) (form 5.2)

Column 7 Value of ) for different values of A (form 5.2)

A— o’ Az X Rp,?\. cos ¢ 14 ()
0° 27¢° 90° 0.24 0.92 2.36 57°

30 300 120 0.27 0.92 .86 62
60 330 150 0.36 0.89 1.96 4
90 0 180 0.48 0.80 1.88 90
120 30 210 0.62 0.72 1.04 106
150 60 240 0.72 0.67 0.90 118
180 © 90 270 0.75 0.65 0.8 | 123
210 120 300 0.72 0.67 0.90 118
240 150 330 062 0.72 1.04 106
270 | 180 0 0.48 0.80 1.38 90
300 210 30 0.36 089 1.96 74
330 240 60 0.27 0.92 2.36 - 62

Table 2.

Radial velocity Vg fordifferent values of A'~—=iy’ (form. 9.2) Tangential velo-
city V¢ for different values of M—ky’ (form. 10.2) Radiant of incoming

stream § (form. 11.2) The angle ¥

AM—hko' |[VR(Km/sec)| Vi (Km/see) 1 g P
0° 33.5 19.9 27° 90°
30 384 19.8 33 72
60 32.8 24.1 36 60
90 305 28.3 48 57
120 27.4 32.4 b6 60
150 24.2 35.6 62 72
180 22.0 36.2 1 64 90
210 24,2 55.6 62 72
240 27.4 32.4 b6 .80
270 30.5 28.3 48 57
800 32.8 241 86 60
330 334 . 19.8 33 72
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puted from (11.2) also appears in table 2, while the final co-
lumn of this table gives the angle W (fig. 1).

The next step is to compute the rectangular components
Ve, V. and V¢ of the two streams of particles and the com-
ponents of the velocity V&, V, and Vg relative to the earth
(12.2). The total relative velecity relative to the earth is

Table 3.

The three components Vi/ .V, and Vg’ of the stream velocities relative to

a system of coordinates fixed at 2 (fig. 1).
The three components Vg_” V, and Vg relative to the earth.

The total velocity V relative to the earth.

1;\ incoming stream outgoing stream
foon 7 V ’ V r’ V 7
VR VR VR VR I Tve [ v ve | v, T ve |V
[ e t—

ol o00|-385 ——19.711—29‘8 —33.5|—19.7] 485 | —29.8]+385(+19.7] 485
30 |+ 6.1]—33.4 —18.8;‘;——23.7 —3341—18.8] 446 |—85.9|+83.4|+18.8] 520
60 |+11.8|—82.8|—210! —180|—528|—21.0| 426 | —41.6+828[+2L.0f 56.4
90 |+15.3|—30.5|—23 8| —14.5|—80.5|—28.8| 41.0 || —45.1|4-31.5|+23.8] 588
120 |+15.9 | —27.4|—28.2] —18.9|—27.4|—23.2| 41.4 | —45.7[427.4|+-28.2] 59.7
150 |4+11.0|—24.4|—338] —188|—24.4|—33.8| 45.4 | —40.8|+24.4 4338} 577
180 1 0.0|—220|—862] —20.8{—22.0|—36.2] 51.3 | —29.8}+22.0|+362| 513
210 |—11.0|—24.4 [—83.8)| —10.8]—24.4{—88.8 57.7 || —18.8 [-+24.4 |+33.8] 45.4
240 |—15.9|—27.4—28.9] —457|—27.4|—28.2} 59.7 5—13_9 +o7.4 |4+28.2) 414
270 |—15.3|—30.5|—28.8| —45.1|—80.51—23.8] 58.8 | —14.5|4-30.5|+238] 41.0
300 |—-11.8|—32.8{—21:0)| —41.6|—5828|—21 0] 55.4 | ~1804-328|+21.0| 426
339 |— 6.1]|—33.4|—188/|—85.9]—83.5—188| 520 | —23.7|+38.5418.0] 44.6

The next point is to compute the angle A; between the ra-
diant of the incoming stream and the instantaneous vertex of
the earth’s motion. These values appear in table 4. For the out-
going stream of particles the corresponding value is given in
the column A,. The next two columns in this table contain the
angular distance ¢: and ¢, from the radiants of the incoming
and outgoing stream to the Apex. Finally B:; Bo; : and 2, in-
dicate the celestial (geocentric) longitudes and latitudes of the
radiants.

These celestial coordinates are converted in right ascension
and declination and appear in the tables 5 and 6. In these ta-
bles 5 and 6 all data concerning the incoming and outgoing
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streams are collected. The values of the velocity V are taken
from table 3. The number of particles which are swept up by
the earth per unit of time is proportional to the product -V
These values p-V also appear in the tables.

For p-V the smallest numerical value is 40.9 and dividing
all values p-V by 40.9 we find the relative activity of the ra-
diants in different times of the year. From the right ascensions
as given in column 3it is not difficult to find at what time
(universal time) the radiant passes through the observer’s me-
ridian. The numerical values of the U. T are given in the final
column of the tables 5 and 6. .

Table 4.

The angles A; and 2 are the angles between the appatent radiant and
the instantaneous vertex of the earth’s motion. ' '

The celestial latitudes B; and Po of the radiants

The celestial longitudes A; and Xy of the radiants

¢; and ¢o represent the angular distance from the radiants to the Apex

M_2o'| As Ay B: Bo Ci o At 3 ho

0° | 52.4° | 52.4° | +24.5°|-24.5°| 40.5° | 40.5° [810.5° | 49.5°
30 |58.0 | 46.5 |4+225[—21.5) 34.9']| 46.4 3349 | 787
60 | 652 | 423 |+29.5{—21.51 27.1 | 50.9 |357.1 { 99.

90 | 695 |89.6 4+35.9—231| 24.6 | 55.3 | 245 [127.7
120 ] 701 {405 |+48.1|—28.3] 25.8 | 587 | 55.8 {I51.3
150 | 658 | 448 }H47.9|—35.9] 86.8 | 58.7 .| 96.8 |181.3

180 1505 | 545 l+aa7|—4a8] 581 | 531 liasr |26
210 | 44.8 | 658 |+35.9|—47.9] 587 | s6.8 |178.7 |2632
210 | 405 | 70.1 [+28.3[—431 587 | 25.8 J208.7 [s0e2

270 | 89.6 | 69.5 [+23.0]—349] 55.3 | 245 [235.83 33855
300 | 42.3 | 652 |421.5|—295] 50.9 | 27.1 |260.9 | 2.9
830 | 465|580 |421.5|—245|46.4 | 84.9 [2864 | 25.2

§ 4 Discussion of the pumerical results obtained in
section 3. ‘

From the tables 5 and 6 it appears that if supposition A is
correct, there will be a seasonal variation of the relative  abun-
dancies of meteorites. This appears more clearly from figure 2,
where the relative abundancies have been plotted against time.
There is a flat maximum during the summer months and a mi-
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Table 5.

Collected informations about the incoming stream (stream from North).
Date, coordinrtes & and § of the apparent radiant, the product pV (section 8)
the relative activity of the radiant and approximate Universal time of meri-
dian passage of the radiant.

A _ho'| Appr.Date a ) V (Km/see) | €V A |uT
- 0° | Jume 21 | 806° [+ 6° 185 |1145 28 | 23k
80 | July 21 | 328 [+13 446 1053 | 26 |2
60 | Aug. 21 |. 855 |426 126 885 | 20 |11,
90 | Sept. 21 0 |+42 41.0 5457 1.3 |0
120 | Oet. 2t 89 |4-58 04 431 | 11 | v,
150 | Nov 21 | 105 |4+70 454 409 | 1.0]3
180 Dee. . 21 168 {--54 51.3 436 | 1.1 | b
210 | Jaw. 21 | 196 |+33 517 519 | 1.2 |5
240 | Febr. 21 | 215 |+19 59.7 621 | 1.5 | 4/,
270 | Mar. 21 | 280 |+ 4 58.8 782 { 1.9 | 381/,
300 | Apr. 2t | 261 |— 1.3 56.4 1105 | 27 | 8/,
330 May 21 285 |— 0.6 52.0 122.7 3.0 |3

Table 6.

Collected informations about the outgoing stream (stream from South
Compare with table 3) :

¢ | Appr Date « 3 V Km/see oV l A lu T|AizA
0°| June 21 49° |— 6.0° 485 1145 | 2.8 | 91,7 56
30| July 20 | 75 |+ 05 520 11227 | 80 | 9 5.6
60 | Auwg 21 | 99 |4 1.1 56.4 110.5 2.7 8, 5.9
i

90 | Sep. 21 | 124 |— 4 58.8 782 | 1.9 | 8Y,| 82
120 | Oct. 2t | 145 [—16 59.7 621 | 1.5 | 8 2.6
150 | Nov. 21 | 164 |—33 57. 519 | 12| 7 2.2
180 | Dec. 21 | 194 |54 51.8 | 436 | 1.1 | 7 2.2
210 | Jan. 21 | 239 |—64 45.4 409 | 10 | 9 22
240 Feb. 21 - 305‘ —-59 4v.4 43.1 10 1 2.6
270 | Mar. 21 | 854 |—42 41.0 545 | 18 | 111, 32
300 | Apr. 21 14 |—26 42.6 835 | 20 |11 5.7
330 | May. 21 | 31 [—138 “ 105.3 | 26 |10 5.6
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nimum during the winter months. In figure 2 however the geo-
graphic latitude of the observer has not been taken into account.

A more cqmplete survey of the results of the computations
is given in figure 3. :

mean metebric &ctivity

@@ /ncoming Siresm h—
=<9 ouigoing siredm.

RELRTiy~ - €REQUENCIES

Fig. 2. 'Relative Frequency of meteorites in different months of the year
for case A.e g. origin of meteorites is cosmicand cloud surrounding the sun
has zero velocity with respect to the local rest system.

This figure gives the positions of the radiants in different
parts of the year.

The surface of the open circles and dots is proportional to
the relative abundancy of the radiants. The arrows indicate the
velocity with which the meteorites approach the earth.

For meteorites of cosmic origin all orbits must be hyperbo-
lic ones. In many cases however, the computed velocities rela-
tive to the earth are very near the escape velocity. If for the
velocity of the sun a slightly different value is assumed, fthe
computed relative velccities would be such as to suggest clo-
sed orbits rather than parabolic or hyperbolic ones.

In figure 3 the radiant of meteors, baving ‘a velocity which
is nearly equal to the escape velocity, are indicated by open
circles and’ as possible closed -orbits. : .

Between June and December all meteorites from radiants
North of the ecliptic would be difficult to distinguish from
meteors describing closed orbits, but in the remainirg months
of the year the velocities of the meteorites wo;ild be such, that
hyperbolic orbits would be obtained. ‘

In a similar way the meteorites from Southern radiants be-
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tween January and June would appear to move along closed
orbits.

There seems to be a striking resemblance between our figu-
re 3 and the one given by Lovell and Clegg in their book on
Radio- Astronomy® for the radiants of the visually observed and
the day time meteor showers. In both cases the radiants seem
to be confined to rather narrow belts North and South of the
ecliptic, while there is a continuous increase of the right ascen-
sion of the radiant throughout the course of the year.

In addition to this it appears from the tables 5 and 6 that
radiants from cosmic origin as suggested by hypothesis A, will
pass through the meridian either shortly after midnight or shortly
before noon. But these are exactly the instants at which Lovell
and Clegg find maxima of meteoric activity®.

The likeness between the two figures is however rather su-
perficial and on closer scrutiny it appears to be impossible to
associate the radiants of tables 5 and 6 and figure 3 with the
observed radiants. It is worth while to consider this question in
some details. '

§ 5. The radiants of the observed showers.

Table 7 gives the positions of the radiants of the meteor
showers which have been observed up till now. The showers,
numbered from 1 — 10, have been visually observed and are re-
current ones.

The radiants . 11-.20 correspond to the major daytlme sho-
wers which have been detected by radar observations®'. The
numbers 11, 12 and 13 are recurrent ones. The others (14-20)
have not appeared regularly and Lovell and Clegg(™ state that

there is not yet sufficient information to assess whether they are
periodic or isolated occurrences.

‘Table 7-has been arranged in the followmg way. The first
column gives the rotating number of the radiant and the second
the date of its appearence. The third column gives the heliocen-
tric longitude of the earth at that date. The next four colums

give the right ascension, declination, celestial longitude ‘and la-
titude respectively of the radiant.

The heliocentric longitude of the instantaneous vertex of the
motion of the earth is equal to .the earth heliocentric longitude

+ 90°. The difference between this longitude and the longitude
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TABLE 7

Major meteor showers. 1 — 10 visually observed showers
11 — 20 daytime showers

N | Date )‘8 « h) A B A

1| Jan. 8 - 10%° | 280° | 4 b52°| 180° |- 67° — 1z°
21 Apr. 21 210 | 270 |+ 83| 270 |+ 56|~ 80
3| May 6 225 | 838 |4+ 8 83 |4 11|— 2t
4] July 28 304 | 889 |— 11| 8% |— 2|—58
5| Aug, 12 319 47 |4+ 88| 57 |+51{— 8
6| Oect. 21 29 | 96 |4+ 15| 96 |— 7|—21
7| Nov. 6 43 | 556 |+ 15| B7 |— 4|—176
8| Nov. 16 - 58 | 152 |+ 22| 126 |— 10| —18
9| Dec. 14 81 | 113 |+ 32| 110 |4 11| — 61
10| Dec. 22 g0 | 207 |+ 77| 208 |4 68 |-+ 28
11| June 3 252 61 |+ 241 64 |+ 4|82
12| June 8 257 i4 1428 50 [+ 6+ 63
13| July 2 280 | 86 |+ 19| 86 |— 4|+ 76
14| May 10 229 20 |+ 25| 82 |+ 18|+ 78
15| May 21 240.| 30 |— 3| 26 .|— 14|+ 56
16| June 25 273 68 |+38| 71 |+ 11468
17| July 12 289 | 87 |+ 111 87 |— 12|+ 68
18| July 12 289 | 98 |4 21) 97 |— 2|+ 78
19| July 12 289 | 111 |4+ 15| 110 |~ 6|+ 91
20| July 25 802 | 87 |-+ 83| 88 |+ 15|+ 566

of the radiant is A =4, + 90 — Az and is given in the last co-
lumn of the table. From this last column it appears that for all
but one (No. 10) of the visually observed showers, the velocity
of the meteorsis such that they approach the sun. On the other
hand, as already remarked by Lovell and Clegg, all daylight
showers come from the direction of the sun. The values of table
7 have graphically been represented in figure 4, where the

showers are represented by arrows parallel to the direction from
the radiant.

‘In each instance the arrow points to the instantaneous posi-
tion of the earth in its orbit. The arrows, indicating the showers
observed visually, are black, the others indicate the daytime
showers discovered from radar observations. All arrows have been
made to originate from a black dot or an open circle. Black
dots indicate that the latitude of the radiant is positive and that
the showers approach the ecliptic from the North.
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Conversely open circles indicate that the latitude of the ra-
diant is negative and that the shower approaches the plane of
the ecliptic from the South. The numbers written along the ar-

" rows refer to the rotating number of the shower in table 7.

March .
180°

~ June

Fig. 4 The Observed Radiant of showers. Black arrows indicate showers
which have visually been observed. White arrows indicate daytime showers. .
A black dot at the origin of the arrow indicates that the shower approaches
the plane of the ecliptic .from the aorth, open circles from the south. The
sumbers refer to table 7. The? scale along the circle indicates the heliogra-

phic longitude of earth.

With hypb‘thesis A all radiants of the incoming stream were
North of the ecliptic, while shortly after midnight the radiant
passed through the observer’s meridian. '
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The radiants of the outgoing stream were South of the eclip-
tic, while the radiants passed through the meridian slightly be-
fore noon. ,

When we consider figure 4, it might appear at first sight
that the distribution of the radiants of the major showers cor-’
responds to the description given above and that therefore the
occurrence of the major showers could be explained from the
space motion of the sun. Both the incoming and the outgoing
streams seem clearly to be indicated and there is a seasonal .
shift in the positions of the radiants while at the predicted ti-
mes these radiants pass through the observer’s meridian.

On closer scrutiny it becomes evident that there also are
significant - differences, ‘which make it seem improbable that the
major showers, either the recurrent or semirecurrent ones, are
connected with streams from interstellar space.

First consider the latitudes of the radiants of the incoming
showers, With streams from interstellar space all these latitudes
would be positive. Qf the observed incoming showers five have
a positive and four a hegative latitude.

With streams from interstellar space the radiant of the out-
going stream must have a negative latitude. OFf the observed ra-
diants of the outgoing streams, six have positive latitude, while
the remaining, have a negative latitude.

With the exception of the showers 1, 2, 5 and 10 all radiants
are near the plane of the ecliptic and their distribution around
this plane seems to be a haphazard one with a small standard
deviation. This is even more apparent from fig. 5 in which the
longitudes of the radiants have been plotted against their latitudes.

The full drawn curve indicates the relation between longitu-
de and latitude for the incoming stream as computed in table
5, while the broken line gives this same relation for the outgo-
ing stream (table 6). The observed radiants have been indicated
by black dots (visually observed showers) and open circles (day-
light showers). It is evident that neither set of radiants can be
correlated to streams from interstellar space. For the majority of
the showers the latitude is much smaller than the computed one.

For the four showersl 2,5 and 10 the observed latitude is con-
siderably larger.

From figure 5 a peculiar feature in the distribution of the
showers is evident, which is important for our considerations,



FREQUENCY CURVES OF METEORITES 280

Obviously showers are observed only when the earth is between
the heliocentric longitudes 210°-336° and 260-125°. In the
intermediate intervals showers are markedly absent. It may be
significant that the four peculiar showers 1,2, 5 aud 10 areex.
actly at the edges of the ranges where showers occur.

It seems hardly possible to ascribe this curious distribution
to the influence of selection. The visual showers appear to be
most frequent around November. Although a few appear shortly
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Fig. 5. Comparison of the observed and theoretical distribution of radiants.

before .and after June, none are observed around February and
September. Daylight showers seem to be limited to a short range
of time before and after June. Lovell and Clegg® state (1. c.
page 97) that a continuous and systematic survey was carried out
without intermission throughout the year. ivo other outstanding
showers have been found.

Therefore both the latitude distribution of the radiants and
their distribution throughout the course of a year point to a non
interstellar origin of the major showers. It isto be remarked that
the earth intersects the plane of the solar equator when its he-
liocentric longitude is 75° and 255°.

The majority of the showers therefore seem to occur when
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the earth is in or near the solar equatorial plane. They therefore
may be connected with the streams of particles which revolve
around the sun in its equatorial plane

§. 6 Frequency of meteors in different parts of the year
and for different geographic latitudes for case A,

From section 5 it appears that it is not possible directly to
connect the observed meteor showers with streams of particles

from interstellar space which originate as stated in the supposi-
tion A. ’

Although no definite analysis has been made by the author,
it does not seem that this conclusion can be invalidated by ac-
cepting other values for the velocity V(5 and for the coordina-
tes of the Apex. This agrees with the conclusion which Lovell
and Clegg® draw from the observed values of the velocities and
which was also reached by Prentice(” and Mc Kinley(V.

Still, when trying to decide whether the amount of .iron
which at this institute is observed daily to fall is either from
terrestial . or non-terrestial origin, the possibility that this
- iron dust, partly at least, is of cosmic origin should not be en-
tirely discarded. From the computations it appeared that in many
cases the velocities of such meteors were very near the limit of

the escape velocity. As observed from the earth, they might ap-
pear to move in closed orbits.

In this improbable case the seasonal changes in the amount

of iron dust, should correspond to the seasonal changes in the
observable numbers of meteors.

For a compariscn the curves in fig. 2 cannot be used. They
indicate the relative abundancy of the two streams which approach.
the earth in the different months of the year, but not the re-
lative frequencies of the meteors which will be observed. For
this the reason is that the meteor frequency not only depends
on the abundancy but also on the geographic latitude of the ob-
server, that is on the zenith distance of the radiant.

For both the incoming and the outgoing stream the peak of
meteoric activity occurs when the radiant passes through the ob-
server’s meridian, but also before and after this time some acti-
vity will occur., To find the general relation between the relative

activity and the zenith distance we proceed in the same way as
in section 2.

1
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When proceeding in its orbit around the earth, a particle
will pass through its perihelion at a point on the extension of
the line connecting the true radiant and the center of the earth.
This perihelion distance is found from (6.2) by replacing
p=GMg by ' =G M, and V@ by the stream velocity of

the particles. For this a mean value V = 50 Km/sec. is adopted.
Next the values 8, and arg 8, are found from (7.2) and (8. 2) in
which also V @ is replaced by V = 50 Km/sec.

When the particles collide with the atmosphere of the earth,
their distance r from the center of the earth is r=1.

Therefore the phase angle 8 is found from (1, 2). Only such
particles will collide with the earth’s atmosphere for which the
perihelion distance rp <C radius earth. The relative frequency of
the particles which, when penetrating into the atmosphere of the
earth, have a phase angle 9, at the same time gives us the rela-

tive frequencies cotg 0, (see 8. 2) of a radiant for which the ze-
nith distance is 8.

The result of these calculations appear in table 8. The values
cotg 8, as given in table 2, were plotted against the correspon-
ding values 8 and through the points obtained in this way a
smooth curve was drawn. This curve is well determined up to
the point 6 = 16°. Beyond this point its course is uncertain. It
was supposed to intersect the axis cotg 8, at the point cotg,
== 5.35.. This value cotg 0, must be considered as a mere guess.
It can only be accepted for the present because it does not ha-
- ve a large influence on the further results.

If, however, the radiant were a point source for 8 = 0, the
value of cotg 8, would tend to become infinite. The radiant will
be a point source only when the particles have no peculiar ve-
locities whatever. We have no information as to the distribution
of these indivicual velocities and therefore as provisional value
of cotg 8, for = 0 the value was adopted which from the shape
of the curve seems to be the most probable one. Therefore the
smoothed values of the relative frequencies F as given in table
9 must also be considered as provisional ones. If from further
observations .there will appear to exist a relation between the
amount of iron dust and the hypothetical cosmic meteors, the
values in table 9 will have to be more carefully calculated.

The amount of cosmic dust which from a radiant penetrates
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TABLE 8
The values 6q. cotg 8, cos 0 and 0 for particles striking the

atmosphere of the earth and which. would have a perihelion
distance rp < radius earth.

rp 0a cotgly cos 0 6
1.00 83°.6 0.024 —1.00 180°
0.80 88.3 .030 — 7Y 142
0.60 ° 87.7 .040 — .58 126
0.40 86.6 059 — .36 111
0.20 83.7 110 — .06 94
0.15 82.0 .140 — .03 92
0.10 78.5 .204 -+ .08 85
0.08 76.1 248 —+ .14 82
0.06 73.1 .30 4 .22 97
0.04 67.7 41 4 .33 71
0.02 55.9 .68 -+ .52 59
0015 .| 517 0.79 -+ .60 53
. 0.010 44.8 1.01 + .70 46
0.008 40.5 1.17 + .74 42
0.008 35.9 1.33 + .80 37
0.004 29.5 1.97 + 85 32

- 0.002 21.6 2.63 + .92 23
0.001 16.8 3.42 + .96 16
TABLE 9
Smoothed values of the relative frequencies’F.
6 Rel. F. ] Rel. F.

0° 1.00 80° 0.05
5 0.97 85 04
10 .90 490 .03
15 .69 95 .02
20 . .50 100 02
25 .39 105 .02
80 .32 110 .01
35 .26 115 .01
40 22 120 01
45 A8 . 1235 ] .01
! 50 .15 130 .01
: 55 .13 135 .00
60 A1 140 .00

65 10 145 .00 ‘
70 .08 150 .00
- b .06 156 .00
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into the atmosphere, depends on the abundancy A (tables 5 and
6) of the radiant and on the angular distance from the radiant
- to the zenith at this point. The coordinates « and & of the ap-
parent radiant vary systematically throughout the course of the
year, thus causing a change of the zenith distance. Moreover,
due to the diurnal rotation relatively to a fixed point on the
earth, the position of the radiant varies constantly. If 7 is the
geographic latitude of this point and A the spherical angle be-
tween the meridian through this point and the meridian through
the radiant, the instantaneous value of the zenith distance z is

cos Z = sin ¢ sin & 4+ cos ¢ cos S cos A (1. 4

This instantaneous value - of z is equal to the value of § in
table 9.

To find the total daily contribution of the radiants for a point
at latitude ¢, the values of 2z corresponding to different va-
lues of % are computed. For ¢ == - 60° an example is given in
table 10. The first column in this table gives the declinations of
the radiants, while the next two columns contain the correspon-
ding values cos ¢ sin 3 and cos @ cos 3. For A the values 15°, 45°,
770%, 105°, 135° and 165° are adopted. For reasons of symmetry
it isnot necessary to consider the values of A between 180° and
320°. The values in table 10 are multiplied by cos15, cos45
etc. and so we obtain the values cosz as given in the next co-
lums of the table. 10. From these values cosz we immediately
find the corresponding values z as are entered in the: final co-
lumns of table 10.

Consequently, using these values z from the curve given in
table 9, we read the relative amount of cosmic . dust falling at
latitude @ when the declination of the radiant is 5 and when
h=15% 45°... and 135° respectively. These partial contributions
AF appear in table 5. The total daily amount of cosmic dust
contributed by a radiant at 3 is proportional to ZAF and is
given in the final column of table 11. ,

Actually of course a continuous instead of discontinuous vari-
ation of the activity of a radiant will occur, but numerically the
difference will be small. For the present - at least it is sufficient
ouly to consider discontinuous variations.

As the next step for different times of the year we tabulate
the values of the incoming and outgoing radiants. These values



TABLE 10

Values of cos z and of z for different values of A. (¢ = 4 60°)

L

sin ¢ |cos ¥ values of cos z for | values of z for

3 X X =|h=|h=|h=|h=|h=|h=|h=|h=|h= h= h=
© {sin 5 |cos 3| 150°| 45° | 76° | 106° , 185° [ 160° | 16° | 45v° | 76° | 105° | 135° | 165°
470° 482 | +.17 |+ 99| +.94 | +.86 | +.78 | +.70 |+ .65] 8 | 20 | 31 | 89 | 44 50
+60| 4+.76 | +.25|4+1.00| +-94 | 83 | 469 | +.58 |+ 51| o | 20| 3¢ | 46 | 55| 59
+50 | +.67|+82/+ 98| +.89 | +.75| +.59 | +.45 |+ 86 11 | 27 | 41 | 54| 63 ) 69
440 | 456 | 488+ 93| +.88 | 466 | +.46 | +.29 |+ 19 22 | 34 | 40 | 63 | B
430|444 | +.43|+ 85| +.76 | .65 | 483 | +.18 |+ 02| 8L | 41 | 57 | T} 83| 8
+20| 480 +.47 + 6| +.63 | +42| +.18| —03|— 16| 40 | 51 | 65 | 80 | 92 | 99
+ 10| +.15 | +49 |+ 63| +.60 | 28| 4.02 | —.:0 -—.331 51 60 74 89 | 102 109
0| .00|4.50 |+ 49| +.86|+.13| —13| —.86|— 49 61 | 69 | 82 | 97 | 111 | 119

[ —10 | —15 | .49 |4+ .33} +.20{ — 02| —.28 | —.60 |— .68)| 71 79 91 | 106 | 120 | 129
—20|—80| 4471+ 16| +.08 | —18 | —.42| —63|— 76| 81 | 8 | 100 | 115 | 120 | 140
— 80| —.44 | 443 »if 02| —13| —88| —55| —75|— .88 91 | 97 | 109 | 128 | 139 | 149
— 40 | —.56 +.3s‘1— 19| —29 | —.46 | —.66 | —.88 [— .93"k 101 | 107 | 117 | 131 | 146 | 158
—5)! —.67 ! +.82)— 86| —45| —59| —.75| —89 -—.98\ 111 | 117 | 126 | 189 | 153 | 169
—60| —76 | +.95|— 51| —581 —69|—88| —941—100" 121 | 126 | 18+ | 146 | 160, 180
— 70| —82| 417 ||— ‘65'——.70\—-.78‘—.86 —.94 !-— .99” 130 ] 184 l 141 ‘l 149 | 160 | 172
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TABLE 11
Values of =F and = AF for different values of k ad & (¥ = 4 60°)
A F
15° | 45% | 75° | 105° | 183° | 165°

+ 70 90| 50 | 82 | 22 | a8 | .15 2.27
+ 60 || 100 50 | 26 | .18 | .18 | .11 218
+ 50 801 39 | 22 | 18 | .10 | 08 1.82
4+ 40 50| 26 | .16 | 10 | .06 | .05 1.12
+ 30 821 .92 | 18 | 68 | .04 | 03 082
+ 20 221 15 | .10 | .05 | .08 | .02 0.57
+ 10 A5 | 11 | .06 | .08 | .02 | .01 0.38

0 1t 08 | 05 | .02 |01 | .01 0.28
— 10 08 05 | 03 4 .02 | .01 |.01 0.20
— 20 05 .08 | 02| .01 | .01 | .00 0.12
— 30 03| 02 | .0t | .01 | .00 | 00 0.07
— 40 021 02 | .01 | .01 | .00 | .00 0.06
— B0 01 00 .o | 00 | 00 | .00 0.03
— 60 01| 01 | .00 | .00 | .00 [ .00 || 0.02
— 70| 01| .00 | 00 | .00 | .00 | .00 0.01

are enumerated in tables 5 and 6. The values in table 12 are
borrowed from this table and have been appoximated by the nea-
rest multiple of 10. '

On January 21st the approximate declination of the radiant of
the incoming stream is 8y =+ 10° while that of the outgoing
is —60°. From table 11 we find that at latitade = + 60° the
total daily contributions of the two radiants are proportional to
S AFy =0.82 and £ AFg=0.02 respectively.

From tables 5 and 6 we see that the relative activities of the
radiants at this date are A, =1"2 and Ag=1.0 respectively.
The total daily amounts of cosmic dust, contributed by the two
radiants, therefore are proportional to Dy =10.82X1.2 and Ds==
0.02x1.0 or D=Dy + Dg=0.98 + 0.02 = 1.00.

For the other months we proceed in a similar way. The re-
sulting curve appears in the last column of table 12. This curve
therefore represents the relative amount of cosmic dust which
at different times of the year penetrates into our atmosphere at
a point at geographic latitude + 60°. Our numbers are propor-
tional to the total numbers of meteorites which penetrate into
the atmosphere of the earth during a period of 24 hours. Of

%
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TABLE 12
(3 =+ 60°)
: ' D=Dn
Date 3N 3s I=A\Fny!| Ay | Dn . S AFs Ag Dgs +Ds
Jan. 21 80| —60{4 82| 1.2 | 98] 02 | 10 | .02 1.00
Febr. 21 +90{—60|4+ 57 1.5 ] 861 02 11 | .02 83
March 21 0{—a0]+ 28/ 1.9 | 53| .05 | 1.3 | .08 61
Apr. 21 0l —30{+ 98 271 76! 07 | 20 | .14 90
May 21 0|—10 |4 .28/ 3.0 841 20 | 26 | .52 1.36
Juae 21 +10|—104+ 88 28 | 106 | 20 | 28 | .58 1.64
July 21 +10 ol+ 388 26| .99 28 | 80 | .82 1.88
Aug. 21 + 30 0+ 82| 20 | 164 .28 | 27 | .76 2.40
Sept. 21 + 40 0]+112) 1.8 | 146 28 | 1.9 | .58 1.99
Oct. 21 460 —20 4218 11 | 240 .12 | 1.5 | .18 2.58
Nov. 21 +701—30|4+227 1.0 ] 227] .07 | 1.2 | .08 2.35
Dec. 21 +50| —50|4+182 1.1 {200 .03 | 1.1 | .03 2.08
TABLE 13

Relative daily amount of cosmic dust in different latitudes ¢ and
in different times of the year. (case A)

Jan. 21
Fabr. 21
Mareh 21

April 21
May 21
June 21
July 21
Aug. 21
Sept. 21

Oct. 21
Nov. 21
Deec. 21

>

+90° |4 60° |4-40° |+ 20° | 0° | —20° |—40° |— 60° [— 9u°
078 | L00 | 1.68 | 1.I4| 95| .88 1.81| 218 | 1.98
72| .88 | 1.83 | 1.87 | 1.26 | 1.14 | 155 | 240 | 222
42 61| .96 | 1.8 | 273 | 201 | 2.64 | 148 | 1.74
60 | .90 | 1.48 | 200 | 4.25 | 8.23 | 383 | 164 180
B4 186 | 210 | 285 | 595 |- 8.42 | 285 | 99 | 1.52
120 | 164 | 255] 314 | 532 | 814 253 | 1.06 | 1.20
1.82 | 1.83 | 2.85| 342| 595 | 285 210 } .84 | .84
1.80 | 240 | 8.88 | 823 | 425 | 2.00 | 148 | 76| 60
150 | 1.99 | 264 | 201 | 278 | 1.88 | 096 | .53 | .42
222 | 258 | 1.5 | 1.14 | 1.26 | 1.87 | 1.388 | 86| .2
806 | 235 | 1.17| 83| 090 | 1.14 | 168 | 98| .78
1441 203 | 147 90} 074} .90 | 1.47 | 200 | 144
15.90 | 19.57 | 24.51 | 23.86 | 86.29 | 23.36 | 23.83 | 19.47 | 15.06
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these meteors, however, the majority falls during daytime and
can not visually be observed. Moreover, the fractions which are
contributed by the two radiants to the daytime (sporadic) mete-
ors are different from the fractions contributed to the (sporadic)
meteors which appear during the night.

The numbers in table 12 are valid for the geographic latitude
¢ = + 60° only, : _

‘The curves valid in the other latitudes are obtained in
exactly the same way. They are given in table 13, which there-
fore needs no further explanation.

The numbers in the table are the numerical values of
D =Dy + Ds = Ay ZAFy + As 2 AFg in the different latitudes ¢.

For obtaining the true amounts of cosmic dust the values D
must be multiplied with a certain constant. As the numerical

value of this constant is unknown, at present only the relative
values can be considered.

When deriving the coordinates @ and & of the radiants, it has .
been assumed that the cloud of particles surrounding the sun has
no peculiar motion. Also the particles in the cloud were sup-
posed to have no individual velocities. Therefore all numerical
values given in table 13 are based on these same assumptions.

§ 7. Case B.

It is next assumed that all meteors move in closed orbits
around the sun, while the plane of this orbit is in or near the
plane of the ecliptic. If the distribution of the particles in the
plane of the ecliptic is a uniform one, while the distribution of
the velocities and the directions of the velocities is at random,
apart from small changes, due to the variability of the velocity
of the earth in its orbit, the total numbers of particles, which
are daily swept up by the earth, must remain a constant through
all seasons. To an observer at a given geographical latitude
there still will appear to exist a seasonal trend. This appears
from the same reasoning which is applied to show; that with
an at random distribution of the true radiants in the frequency
of the meteorites a maximum occurs in autumn. The instanta-
neous vertex of the earth’s motion is in the ecliptic and' ‘about
90° West of the sun. Due to the velocity of the earth in its
orbit, the apparent radiant of the meteors is always displaced
in the sky towards the earth’s vertex. So there will be more
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radiants in the hemisphere containing the vertex than in the
opposite hemisphere. The elevation of the vertex varies with
the season. In the Northern geographic latitudes the elevation
is at a maximum (about 6 a m) around September 21 st and
around this date meteors ar most common. To an observer with
Northern latitude minimum activity occurs when the vertex has
minimum elevation around March 21 st. Consequently, if the
iron dust is connected with meteors in the plane of the ecliptic,
the seasonal changes in the amount of iron dust will be such,
that a minimum occurs around March. From then on the daily
amounts will steadily increase, until a maximum is reached around

September 21 st. Afterwards the daily amounts will continually
decrease, until the next minimum in March,

In the Southern latitudes the reverse will be the case, the
maximum will be in March and the minimum in September.

The total yearly amount of iron dust should be largest in
points near the equator. Also in points near the equator two
maxima can be expected in March and September respectively.
It is difficult to make any prediction about the depths of the
troughs and the heights of the maxima, as these depths and
heights are determined by the scatter of the radiants around
the vertex of the earth’s motion. In its turn this scatter de-

pends on the distribution of the velocities and the distribution
of the direction of the velocities of the individual particles.

On the other hand the general shape of the curve seems to
be pretty well determined. For the latitude of Ankara the maxi-
mum should occur in September and the minimum in March.
However, it is entirely dubious, whether from the shape of the
observed curve it will be possible to discriminate between the
cage where the true radiants have an at random distribution in

the plane of the ecliptic or an at random distribution over the
whole surface of the sky.

~ On the other hand, if from continued observations the
maxima and minima of the daily amounts of iron dust appear
to occur in September and March respectively, this will indicate

the existence of a correlation between the iron dust and the
meteors.
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§ 8. Case C.

We finally assume the meteors to move in closed orbits around
the sun and the plane of the orbits to coincide with or to be
near the plane of the solar equator. Obvxously two maxima and
two minima are to be expected. '

The maxima occur when the earth crosses the plane of the
solar equator, while the minima are at the time when the earth
is at maximum distance from that plane. The maxima and mi-
- nima will roughly be spaced at three months intervals.

The earth wil pass through the region where the space den-
sity. of meteoric particles is at a maximum around June 6 th and
December 6 th, while the earth is in regions where the space
density is at a minimum around March 6 th and September 6 th.

If it were not for the earth’s velocity, the maxima and mi-
nima of iron dust should therefore occur ~around June 6 th,
December 6 th and March 6 th and September 6 th respectively.
But in this case also the observed numbers will be subject to
the effect mentioned in § 7. As a result of the velocity of the
earth in its orbit, the true radiants of the particles will be
_shifted in the direction of theinstantaneous vertex of the earth’s
motion and for observation of the particles circumstances are
most favourable around September 26 th and most unfavourable

around March 26 th. We can only roughly indicate what shape
the distribution curve must be expected to have,.

Let F(z) indicate the distribution of the meteoric dust with
respect to the plane of the solar equator. As analytical form of
this function we adopt the expression

F (2) =F (o) exp (— Az? «++-(1.8)

where z is the perpendicular distance of a particle from the plane
of the solar equator and A an unknown constant,

If z is expressed in A, U and the inclination of the solar
equator to the plana of the equator is taken to be exactly 7°
we have for any day of the year

z = sin 7° sin ()\G—}— 105) -+ ++(2.8)
We have no single information about the possible value of = the
contant A. Therefore the computations were carried

through for two values of A. With the first it was supposed
that at the maximum distance of the earth from the plane of
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the solar equator F, (z)=~;— F (0) and with the second that

in the same circumstances Fz(z)=116 Fo. In these cases the

daily amounts of iron dust swept up by the earth but fer a
constant are as indicated in Table 14.

TABLE 14
Curves F, and F;; curve R=11B sin () '@_90) for B the hypoth-

dical value B =1/, is adopted; curves P =F.R

Date Curve Curve Curve Curve Curve
F] F2 R PIZFIRP2=F2R

Jane 20 0.71 0.32 0.75 0.53 0.24
F. 20 052 | 0.12 0.57 0.30 0.07
M. 20 0.52 0.12 0.50 0.26 006
A. 20 0.71 0.32 0.67 0.53 0.24
M. 20 0.95 0.86 0.75 0.71 0.65
Jo 20 0.95 0.86 1.00 0.95 0.86
Jo 20 0.71 0.32 1.25 0.89 0.40
A, 20 0.52 0.12 1.43 0.74 0.17
S. 20 0.52 0.12 1.50 0.78 0.18
0. 20 0.71 0.32 1.43 1.02 0.46
N. 20 095 | 0.86 1.25 1.19 1.07
D. 20 0.95 - 0.86 1.00 0.95 0.85

We will represent the yearly variation of the observed rela-
tive frequency, due to the changing position of the vertex of
‘the earth’s motion by an expression of the form

R=1+B sin(lO——-qO) -+ +(3.8)

where B is unknown constant (B < 1). If for B the entirely hy-
pothetical value B= 0.5 is adopted, we find the curve R which
is indicated in the fourth column of table 14. This curve could
be valid only for a point on the Northern hemisphere.
The observed amounts of iron dust will be proportional to
the products '
P=F:R - (4.8)
These products are also indicated in table 14, while the resul-
ting curves are graphically represented in fig. 6. It should be
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remembered that the numerical values on which the curves in
fig. 6 are based, are entirely hypothetical. Still, these curves
give some information as to the distribution curve which is to
be expected in this case. If there is a fairly large scatter of
the individual distances of the particles to plane of the equator

0.0

J F M A M J J A S O N D J .
Fig. 6
(curve F;-R), the maxima will be in June and November, while
the minimum between these two maxima is rather shallow. On
the other hand if the meteoric material is strongly concentrated
towards the plane of the solar equator, pronounced maxima
occur in June and November, while these maxima are separated
by minima of almost equal depth. In any case the ~observed
distribution will be determined both by the coefficient A in -
(1.8) and the coefficient B in (3.8).

§ 9. Summary.

1. Assuming that the iron dust which at this Institute has
been observed daily to fall on the surface of the earth, is re-
lated to the meteors, the seasonal changes in the daily amounts
of iron dust should be related to the seasonal changes in the
occurrence of meteors. ' '

2. As yet there is no direct evidence that the origin of the
iron dust is an extra-terrestial one. For deciding this question
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one of the criteria will be whether the seasonal changes in the
observed distribution curve corresponds to the curve valid for
meteors.

3. From the work of Whipple [12], Prentice [13], Porter [14],
Clegg a. 0. it has become increasingly certain that the meteors
are permanent members of the solar system. Nevertheless, when
computing the theoretical distribution curves for the meteors,
three possibilities were considered:

A. the iron dust is assumed to be connected with meteors
of cosmic origin;

B. The iron dust is assumed to be connected with meteors
moving in the plan of the ecliptic;

C. The iron dust is connected with meteors moving in the
plane of the solar equator.

4. For each of these three cases the theoretical distribution
curves have been computed, but in each case some additional
assumptions were found to be necessary. The resulting theore-
tical curves therefore have no real meaning, but merely indicate
what kind of distribution is to be exzpected. It is hoped that
from further observation it will be possible to determine the
actual type of the distribution curve and eventually to determi-
ne the numerical constants of the arbitrary coefficients which
- have been introduced.

5. For case A the computations were carried out while assu-
ming that relative to the local system of rest, the interstellar
cloud from which the meteors originate, has zero velocity. Each
point of the earth’s orbit then appears to be intersected by two
streams of particles, an incoming and an outgoing one. The
radiant of the incoming stream passes through the observer’s me-
ridian shortly past midnight, that of the outgoing one shortly
before noon. The radiants are confined to narrow belts North
and South of the ecliptic and their longitude increases uniformly
in the course of the year.

6. The graphical representation of these radiants gives a
figure, which at first sight seems closely to resemble that obser-
ved by Lovell and Clegg. However, it is impossible to identify
these computed radiants with the observed ones. The declina-



FREQUENCY CURVES OF METEORITES 803

tions of the observed radiants are widely different ‘from the
computed ones. The distribution of the observed radiants sooner
suggests some connection with the plane of the solar equator.

7. If the iron dust is connected with cosmic meteors such
as described for case A, the curve giving the seasonal varia-
tions will indicate one yearly maximum and one minimum. For
the different geographic latitudes the times of maxima and
minima are different.

8. If the iron dust is correlated to meteors moving in or
near the plane of the ecliptic, for all places in Northern lati-
tudes the maximum will occur at the instant when the ipstan-
taneous vertex of the earth’s motion has lts greatest elevatlon,
that is around September 21 st.

9. If the iron dust is correlated to meteors movings in the
plane of the solar equator, two maxima and two minima should
occur. The greater the concentration is of the meteoric dust to-
wards the plane of the equator, the more pronounced these maxi-
ma and minima will be. There also will be astrong influence
of the displacement of the earth’s vertex in the course of the
year, and the minimum between June and November may almost
completely be obliterated.
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