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[PUTOK PA3IHBIX oy nAUnH CroPAAMYECKIIX METEOPOMACE B OGAACTDb

AEMNK MO ®OTOTPAS

Ocnony aaunit padoTu COCTABARI

PUUECKHM U TENBBM3HOHHBIM HABAMOOQEHMAM

oT Toduue doTorpaduucckne it TEACHIFIHOLNLIE AJHILIC € AnYX 1 Gonee

CraLil, Onyenie A 1674 CNOPANKMCCKIY METapn nOUPENETAN MaLe o7 U 103 o 2K 10’ r.

Oﬂilﬂ'lﬂﬂlliﬂltﬂ 1 OnMELIOTCH Kpit

0G0 HIBECTHLIX 1 nacronies ope

TepIAL 3 MpoucAypLl 11X )nacenhEaume 1o OTACILILIM rpynnas. Quan
aA T pHInLIX HOMY AL CIOPILINYECKIX aeTeopon (Tadna. 1), OBugee
WAICIT0 11 0BT ARICLT METCOPOUACE Kak (y KL MACELE AAIOTCR ANA OTEABHLIX TPYIAIAAA peex cnopamsce-

I Y
P! g{?'\'_.:’ 1k A

e
=]
sy b

kX petcopos. AGconieTits KAnUGPONKA NPUTORL D odnacTh deaian Bwaa puinoalen NyTeM CRATHCIIRAC PE3y AL
i ] " . AR
purasi Halliday €t al. (1984). IMpu cpanneiing e DHIYANLHLIMIT SAHHLIAH 1t € [AN1BINMIL O KONWHCETDE KpaTEpOD el ‘%Lél’h T:L%Lb

1 noaepxnoctie flyit FLIND NONY4EHO XOponee cOrMACHE NI B YIR0M MiEpoane NACE, COOTUETL FBYIDLLIM Cs
BHIYAMLHLIM METCORIM. T JKCTPANOANPORAHHBIX HACTAX BHIYANLUOIL W EPATCPHOR KPHBLIX NPUTOKA JAweeICH

AAUITEN LIS NECOOTRCTCTHE peaynLTaTiM pannoit paboru. BomiaLl NOCAC KOTOPsLX NAAAET METCOPHT ]:am:.,‘@!}%\@"
{run 1) ymeioT OROIMETENLHO 11T

OTHOCHTEALUAR JHAMMMOCTL pasineix Fpy

i =
K01 KPHOOIt KYMyASTHBILIX Wicen — 0,69 ana naccnl Gonpuicit est | k.
OrronHaTELIaA Wrana MILC, DLINEACHHAR B wacToaweit pufoTe, NERIT MEHLY wrananu McCrosky Halliday. Bz
N METeopOoUAns MIMEHRCTEA € 3K MOCCAMIC DECEMA BPRAMATHHNG S
nﬁlé]gﬂ

(taGn. 4 u 5, puc. 3). QGuURL NPHTOR CnOpaNMYEcKIK METEOpaNIos B oBnactL 3eMM NO UENOMY HITEPBARY

12 nopxakon oT 22 107 a02 % 1075 rcocrapnser 5 X 10? ¢ B O 1A BCIO TEATHYIO NIODEPXHOCTE. Boabwui-
CTDO ATOro TPHTAKD MPUAOAUT D BHAC Bonce KPYTIHLIX TS, Moo roetieon o3ddniueirs aBaAwul QO A ANA

oTeOenbHLIX TRYIU METCOPOIAOE TaK, KAk O1
puB. [TonpepratoTch KPUTHRS

Precise photographic and televisi
runge from 2 X 1075 grams 1o
eriterin and procedures are define
Lnown so fur is presented {Tab.
individua! groups and for all sporad
wits carried out by comparison with th

I} DBITERAIOT 33 PASHLIX ABAAUMOHIILIY MOoAEnCsl HECKONLEIX anTo-
JIEKDTOPLIE ¥pafliie Noaxoau X RAIONMY DONPOCY.

an double- and multi-station data on 1624 sporadic meteors in the mass
2% 107 grams form the basis of this paper. The applied classification
d and described. A survey of 7 different populations of sporadic metearoids
1). The total numbers and masses of meleoroids as function of mass for
dic meteors are given. The absolule calibration of the influx to the Farth
¢ results of Halliday et al. (1984). The comparison with the visual

and cratering data revealed good agreement in the narrow “'visual” interval of masses and disagreement

in the extrapolated parts of the visual
for the meteorite-dropping fireballs (

and cratering flux curves. The slope of the cumulative number curve
type 1) with masses larger than 1 kg was found as —0°69 in perfect

agreement with the results of Halliday ct al. (1984). The final mass scale derived in this paper is situated
y and the scale of Halliday. The relative significance of the dilferent groups

between the scale of McCrosk
of meteoroids changes with the mass quile
metcoroids in the mass interval of

per year for the entire Earth’s surface. =
densitics and ablation coefficients for the individual meteor groups, depending on different ablation models %‘E_%n%_mt

of scveral authors, are presented and some extreme concepts of this problem are discussed.

dramatically (Tabs 4 and 5, Fig. 3). The total influx of sporadic

12 orders from 2 X 107 to 2 X 107 % grams resulted in § X 107 grams 5§ M+t
Must of this mass comes in the form of larger meteoroids. Bulk

@n%m_“ia et

Key words: meteoroids: influx, populations, photographic data, TV - data. -_’I'—*?*\’)"‘Lg*-
-2

1. Tntroduction

when they analyzed the data on atmospheric trajec-
tories of metcoroids photographed by Super-Schmidt

Thirty years ago meteoroids coming to the Earth’'s  cameras. This highly simplified view originated from
vicinity were assumed to be approximately of the same biased statistical handling of the data. Different
composition and structure: Verniani (1965, 1967) meteoroid populations werc first recognized in-
and Jacchiu et al. (1963) argued in favour of all meteo-  dependently by Jacchia (1958) and Ceplecha (1958).
roids being low density (0-2 Mgfm?) frinble bodics, The difference in beginning heights of luminous

full. z\.\'trnn_!.. 1-1-\.‘il. C_z.;.:_:hml._:\‘i I(_l-‘)ﬂﬂl. a

1 —236,

trajectorics of meteoroids proved to be the most
important tool for recoznizing different metcoroid
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populations among Super-Schmidt and small-camera
meteors, when and il the correct dependence on
velocity was considered (Ceplecha 1967, 1968, Cook
1973). Two main discrete levels of meteor beginning
heights separated by 10 km difTerence have been found.
The lower level was denoted A, the higher was denoted
C. The C-group of metcoroids was recognized to con-
tain two populations of orbits: the one with ecliptic-
ally concentrated short-period orbits was denoted Cl
and the other with random orbital inclinations of
long-period orbits was denoted C2. The classical
meteor showers with known parent comets are of
the type Cl and C2: thus the cometary origin of
meteoroids of the whole C group is evident. The
metcoroid masses of the Super-Schmidt and small-
camera metcors are within the interval of 5% 107*%g
to 5 x 10? g. (McCrosky and Poscn 1961).

Alter the photographic fireball networks yielded
enough data, groups of meteoroids  with widely
different composition and structure were also recogni-
zed among these larger bodies up to the mass of
2 x 107 g (Ceplecha and McCrosky 1976, Ceplecha
1983, Sckanina 1983, Wetherill and ReVelle 1981
a, b). Asurvey of results on all the meteoroid groups
revealed, and of their relations to other bodics of the
solar system was given by Ceplecha (1977). Since
then, the observational materials has become sub-
stantially larger, and several changes in the classifica-
tion scheme of meteoroids have taken place. This
puper will survey all of this.

Recently new observational material of scveral
hundreds of double-station metears, observed by
television systems, became available. The masses of
these very small meteoroids are mostly within the
iaterval of 2 x 1075 to 5 x 1072 g (Hawkes et al.
1984, Jones and Surma 1985, Jones et al. 1985, Sarma
and Jones 1985). The same methods of classification
of atmospheric trujectories of TV-meteors as of that
of Super-Schmidt meteors revealed a new group
among the C-type meteoroids. It was denoted C3
and contains bodies of the C-type atmospheric
trajectory with short-period orbits of random inclina-
tions. They are quite numerous and comprise more
than cne quarter of all observed TV meteors. Aflter
this recognition, the C3 meteoroids were also detected
among the Super-Schmidt and the small-camera
meteors and also marginally among the fircballs
(Hawkes et al. 1984, page 61) (this paper: 6%, 9%,
4% of all meteors, respectivciy). The C3 meteoroids
were previously assumed to be 2 statistical faw
in the original analysis and werc partly superposed
by the Cl group.

This paper contains an up-to-date survey of all

F\%%
e C
« b
A

M5~ 05 2—
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known populations of meteoroids as revealed within
dilferent observational materials. Definitions of the
different groups of meleoroid populations are given
for ench observational material. Cumulative and
incremental numbers as well as masses of meteoroids
of individual groups are presented. The total meteoroid
influx for the whole mass interval of 12 orders is
given,

The obscrvational material of photographic meteors
and fireballs used in this paper was taken from the
IAU meteor data archives (center A: B. Lindblad;
Lund Observatory; center B: Z. Ceplecha, Ondrejov
Observatory). Most of the data have already been
published as well as data on double-station TV-
meteors. The observational material consisted of 612
fireballs including 561 sporadic fireballs; of 1381
small-camera meteors including 812 sporadic meteors:
of 2529 Super-Schmidt meteors including 1848 sporadic
meteors; of 434 television meteors including 403 spo-
radic metears. Altogether 3624 sporadic meteors
were used over the whole mass interval. The masses
of the individual meteoroids were obtained by integrat-
ing the whole light curve and, except for the question
of changes in luminous efficiency, these masses arc
highly preferable over any estimates based only on
one value of maximum brightness with some kind
of average velocity, as is the case of interpretation
of visual observations. Also radar data are severly
limited in respect of determining the meteoroid mass
from onc value of intensity of the reflected signal not
necessarily from the point of maximum ionization.

The mass scale of Halliday et al. (1984) was used and
corrected for the ratio of all the meteoroids to the
meteoroids of type L. Only a small correction of
02 in log m was found.

2. Definition of the Groups

The levels A, B, C, D are defined in the hy — v,
plot (hy is the beginning height of the luminous
trajectory, v, the initial velocity; Ceplecha 1968).
The problem of classification can be transformed
to a one-dimensional parameter, Ky, by projecting
the hy — v, plot in the direction of the dependence
of these two values. Then Kj is defined (Ceplecha
1967) as

(1)
where oy is the air density at the beginning of the
Juminous trajectory expressed in gem™?, v, is the
initial velocity expressed in cms™' and zg is the
zenith distance of the radiant. Because of the statistical

Kg=logoy + 25logv, — 0-5logcos g,
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superposition of the wings of the K z-distribution
for the individual groups, We use additional classifica-
tion criteria derived from orbital data: semimajor
axis, a; perihelion distance, q; inclination of the
orbit, i. We can then define the individual groups
among meteor populations:

a) Meteors Photographed by Super-Schmidt
Cameras

“asteroidal meteors’:
(*ast™):8:00 = Ky

730 € Ky < 800
group B: 710 = Kg<T730; 495 0-30 A.U.
group Cl: 6:60 = Kp<T10; a<3 AU

i< 35
group C2: 6:60 = Ky<T10; azs’ AU
group C3: 6:60 = K,<T10; a<5 AU
i> 35°
Ky < 660
If the meteor docs not fit any of these groups, this
scheme cannot be used to classify it uniquely. The
C3-group metcors have randomly inclined orbits.
Distinction from the Cl-group meteors is possible
only for i > 352, but for i £ 35°, the extrapolation
of C3 numbers cin be subtracted from the Cl numbers.

group A:

group D:

b) Meteors Photographed by Small-caimeras

We can use the classification scheme ol Super-
Schmidt meteors with
K, = K, from cquation (1) — 0-30.

This accounts for the lower sensitivity of thesmall
camera system (Ceplecha 1967).

c) Meteors Observed by High-sensitivity

TV-systems
(Sarma and Jones 1985).
We can use the classification scheme of Super
Schmidt meteors with

Ky = Ky from equation (1) + 015
d) Fireballs

Levels [, 1L, I[IA and LB for fireballs are defined
in three-dimensional hg — vy — Me Space (hg the
height of the terminal point of the luminous trajectory).
The classification can be transformed to a one-
dimensional parameter, P, by projection in the dircc-
tion of the dependence of these three values. Then,
Py is defined as

(2) Pg=logog— 042 log nty, + 149 log v, —
— 129 logcos Zx

MSS™~ 05
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where v, is the initial velocity in kms™', gg is the
air density at the terminal point of the fireball luminous
trajectory in gem™>, Mg i the initial meteoroid
mass in grams computed from

(= Idt
J — + meg,
[§

(3) my, =2 =

o
where mg is the mass at the terminal point, I the lumi-
nosity at an arbitrary point (time ¢, velocity v, units:
[ =1 for 0™), and 7 is the luminous efficiency (in

_c.g.s. units combined with this units of I) as a function

of v (in kms™'):

logt = —12:75 for v< 9-33 km/s
logt = —1560 + 2:92logv

for 933 2 v < 125 km;’s
logt = —1324 + 077 log v

for 125 <v<17km/s
logt = =125 + 017 logv

for 17 < v <27kmfs

logt = —13:69 + logu

for 27 Zovkm/s.

m; can be computed [rom

120002 ),

g =
((dv,’d e st

where vg is the velocity, (dv/dr) the deceleration at the
terminal point E, and 0y is the bulk density of the
meteoroid.

We can then define the individual groups among
the fireball populations as follows:

e) Fireball Networks: Prairie Network Cameras,
Canadian MORP Cameras, European-Network
Fish-eye Cameras:

group I: —4-60 < Pg

group Il: —525 < P £ —460

group II[A: =570 < Pe £ —525;

group IJAi: —570 < Pg = —525; az5A.U.
group I11B: P £ —-570

f) All-sky Mirror Cameras of the European
Network:

We can use the classification scheme of the Fireball
Networks as given in e) with
P, = P; from equation (2) + 015

This accounts for the lower sensitivity of the all-sky
mirror cameras as compared to the other fireball
cameras (Ceplecha and Rajchl 1965).

=7
e

>




Table 1

Survey of neteorsid populations among photegraphic and televicion seteors.

Observational Television Super-Schmidt S2all cameras Firebnll Hetworks
material cemeTras cameras Properties of the meteoroid
material
L -5 - = ) -
s 2x107% ta 5x107%g 501074 to 1g 16771 1s 5105 102 to 2x107g
] cm:::}fristlc o Ch::g:;m‘iatic e :1121:;;?1-1:‘.1:; B C!.;;:g;::n:‘imic Q“ 6 ssoumed cemposition
HEE o = Graup 31.2 2 Parent bodies
obs.| a e i oba, a & i obs.| a e i B CLE a e i glem” A%/ kn i
" COrdinary crondrites
asteroidal | .4 | 9,7 0,39 | 18° 1| 2.4]0.64]15° [ 5 | 2.5 |0.64 ] 10° I |29 | 2.4|0.68]6° 3.1 |e.o17 Asteroids
meteors" o) ) a)
Cartonnseoua chondrites
A # 1.6 |0.55 | 14° |50 | 2.3|0.s1| 1° | 39 | 2.5 [0.64 | 4° | II 33 | 2.3 |0.61]5° 2.0 [0.041 Coreta, isteroida
Dense cometary materinl
B z 2.1|0.95 | 29° 3 2.4 | 0.92 50 5 2.5 | 0.90 5° - - - - - 1.0 |0.08 Irmer part of cameta; Pheeton?
flegulur conetary material
c1 g z1 1.7 | 0.63 | 16° 1 2.2 | 0.80| 8° | 11| 2.5 |0.80| 5° [1IZ:ig) 14| 2.4 |0.82 4° 0.75|0.10 Short periad comets
ron= ropn- Tan=| g1, 0.99 Tan- fepular cometnry mnterinl
<2 16 |= o0 | 0.99 | dom 32 |m=oo|0.99]| dom | 21 |= o0 |0.93 | don =i 1M oo | Y dom 0,75 0,10 Long perind cozets
ran= Tan- Tan- ran= Regular cometary oeterial
€3 o 23 | 1.3 (0,60 doa 6 1.9 0.72|dom | 9 | z.1|0.77 | dem | €34y| 4 | 2.7 |0.67 | dom 0.75| 0.10 Long period comets
Soft cometury mnterial
o 3 2.6 | 0.66 o : i o i L o 3. : ] % 0.21 Short periocd comets of
3 & 18 1 3.3 | 0.70]| 25 w0 | 3.1]0.77|10% | 1113 | 9| 3.0|0.70| 13 0.27 2 T nir tyie

8 ... semimajor axis,

& ... eccentriclty,

% obs. ... relative observed numbers

a) only one meteor No 511104060 recognized as Wasteroidal®; its elements are given.

b) total mase range: individual groups differ due to different dictribution of veloc

¢) €3 corrected for random i (

ities.

fnatead of 1>35°) by adding the corresponding part of €1 (IITA) te C3.

{ ... inclination, Qu ... bulk density of the meteoroid, G ... ablation cosfficient,

ret
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g) The A,-Criterion for Fireball Classification

The Pecriterion for classifying fireballs contains
the initial meteoroid mass, M, which depends on the
assumption of the luminous efficiency. The alternative
criterion, A,, was proposed by Ceplecha (1980) and
found statistically eguivalent to the P criterion.
The Ag-criterion depends only on values directly
accessible to photographic observations. The A;-
criterion contains the initial velocity, v, the total
light radiated in the panchromatic pass-band, fi= 1 dt,
and the total air mass per unit cross-section, which is
penetrated by the meteoroid (this is proportional
to pgfcos zy). The A -criterion is then defined as

(4)

AL = 5logv, + 2log(ggfcos za) —
— 083 log (151 d1),

where v, is expressed in km s™ Lpgingem™?, Iis the
energy radiated in the panchromatic pass-band
expressed in 0™ of AOstar and ! is expressed in seconds,
Then the classification scheme for fireball networks
given in e) is alternatively:

group I: 5-36 < Ag

group Il: 413 < 4, £ 536
group 11T Az 318 < A, = 413

group 111 B: AL 2318

h) Criteria for Trajectorivs with High Precision
Data on Velocity

The simple one-parameter methods given in a) to g)
of this chapter are suitable for all photographic and
TV meteors, even for cases with rather low-precision
velocity data. The distinction between the type I
and type 11 fireballs by means of criteria a) to g)
contains a rather high statitical uncertainty. On the
other hand, these fireballs belong to bodies penetrating
deep into the atmosphere and their long trajectories
with substantial changes of the measured velocity
can be used to derive the ablation coefficient directly.
The best method available for well-observed fireballs
is the computation of the total ablation coefficient
(Pecina and Ceplecha 1983, 1984, Ceplecha 1983).
The total ablation coefficient defines the classification
unambiguously, if its standard deviation is better than
about 10%. The average value of the totalablation coef-
ficient of type I fireballs is 0-014 s?[km*® and the avarage
value of it for type II fireballs in 0-042s*[km?; the
dividing value between type I and type 11 fireballs
is 0:025 s?fkm?: if thc total ablation cocfficient is less
than this value, the fireball belongs to type T. This
method of the total ablation coefficient is highly
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preferable for classification purposes, but the smaller
velocity change during the luminous trajectory for
type 111 A and ITI B fireballs makes it only marginally
applicable to classification of 1T A fireballs due
to insufficient precision of the computed values
of the ablation coefficient. The dividing value between
11 and III A fireballs is about 0-075 s*[km™.

i) Multiparameter Classification

The classification schemes given in this chapter
under a) to g) are a simplified version of the actual
scheme used for meteor classification in this paper.
The single-parametcr space used (with some additional
orbital distinction) is a limitation not necessary for
meteors with good data on atmospheric trajectoties.
The classification scheme used in this paper follows
the original ideas given in detail in previous paper
(Ceplecha 1968, 1980). The classication scheme uses
two-dimensional space of parameters (hg, vy) for the
smaller bodies and three-dimensional space of para-
meters (g, My, v,) andfor (hefeos zg, vy, fis ! df)
for fireballs. Each two-dimensional or three-dimen-
sional box has an ascribed classification and defines
uniquely the group, to which the body belongs. This
more complex procedure of classification can be used
only for meteors with good data on atmospherictrajecto-
ries, but these are usually also meteors with a better
definition of their initial mass. Since we were interested
in the distribution ol bodies among different popula-
tions as it changes with meteoroid mass, we were
able to classify the majority of the meteors by means
of this more complex and less uncertain method than
the simple one-dimensional K, P, or A, criteria.

The classification of the majority of TV-meteors,
published by Jones and Sarma (1985) and Sarma
and Jones (1985), contains only the ,,0ld” A, Cl and
C2 distinctions: this paper uses the complete classifica-
tion scheme of this chapter for all the TV-meteors.

3. Survey of Metcoroid Populations

Table 1 contains a survey of all meteoroid popula-
tions as delineated among bodies observed by different
technics. The whole range covers masses {rom 2 X
% 10~* grams to 2 x 107 grams. Table 1 contains
the percentage ‘of bodies of the given group among
all observed metcor bodies. *“Characteristic” orbits
are also given for each group, but these values are
mostly maxima (and sometimes medians) of very
broad irregular statistical distributions. It is not
possible to separate these populations using only the
orbital elements. The average value of the bulk

—
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density of the bodics, £y, and thc average valuc
of the ablation coefficient o, are given for cach group.
They were derived by modifying the original ideas
of Ceplecha and McCrosky (1976), by Ceplecha
(1983) and by a new concept of ReVelle (1983). The
values of the bulk densitics and of the ablation co-
elficients, the direct identification of 3 photographic
meteorite falls with group [ fireballs, the detailed
study of Wetherill and ReVelle (1931a) of the relations
of ordinary chondrites to fireballs, the study of the
same authors (1981b) of the cometary origin of some
fireballs, the classification of shower meteors with
known parent comets as C and TIL A groups, the
classification of Giaccobinids (y Draconids) as D and
I11B groups, the spectral records containing the radia-
tion of CN for the group I, IIL A and 1L B bodies,
but not containing CN radiation for the group 1
fireballs, and several more reasons arc incorporated
in the proposed probable “composition and structure"
of the groups as given in the last column of Tab. 1.
Parent bodies of group T are evidently asteroids,
the most important of them probably closetothe3:1
Kirkwood gap (Wetherill 1985). Parent bodies of
group 1l and group A are perhaps partly asteroids
and partly comets (Wetherill and ReVelle 1981b);
comets may be their primary source. All the rest
of the bodies (B. C, D, T A, 111 B) are clearly of
cometary origin.

The characteristic orbits for the individual groups
show the most systematic difference in eccentricitics:
ordinary chondrites and carbonacecous chondrites
have the characteristic orbit with the smallest eccentri-
city, 0-6. The Draconid type of material has a some-
what higher eccentricity, 0-7. The regular cometary
material with ecliptic concentration even higher, 0-8,
followed by the dense cometary material of the
B-group. 09, and by the cometary material with
randomly inclined long-period orbits whose eccentri-
city approaches 1. This holds for bodies above 01
gram. Smaller meteoroids in groups A, Cl,Cland D
have distinctly smaller eccentricities and also the
semimajor axes of these small meteoroids are shorter.
Meteoroids smaller than 0:1 g frequently have semi-
major axes between 05 and 1- AU, which is quite
an exception for larger bodies.

4. Total Numbers and Masses of Meteoroids
within the Individual Groups

The most striking feature in Tab. 1 is the change
of the relative percentage of bodics within the indivi-
dual group relatively to all meteors. This leads us
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to a more detailed study of the cumulative numbers
of meteoroids by means of dividing the entirc mass
interval into small steps of 0-1 or 0-2 in log m. We can
compare the four different observational materials
quite easily, because the mass intervals are super-
posed. The faint objects in one type of material are
the bright objects in the adjacent material. Because
the best absolute calibration of masses and numbers
is available for fireballs (Halliday et al. 1934), we
started with the relative numbers of these brightest
and most massive objects.

Inside observational material of fireballs, the relative
numbers of meteors, comparing individual groups, are
given directly by observations. We have used the
cumulative numbers for each group separately. The
next observational material belongs to the small-
camera meteors. Again their relative numbers com-
paring the individual groups are given directly by
observations. If we want to join the two curves of the
cumulative number plots of fireballs and small-
camera meleors into one curve, and doing it for
each group, we have to search just for one constant
(multiplication factor in numbers; additive constant
in the logarithmic rcprcscntation} which holds for all
small-camera  groups to continue smoothly the
cumulative curve of each of the ficchall groups.
The part of the faintest detectable bodies with depletion
in numbers due to the low scasitivity of the given
system (observational material) is well defined by this
successive “‘prolongation™ of the cumulative number
curves to the neighboring observational material
with a single constant shift for all mcteor groups.
The same procedure was used to join the small-camera
and the Super-Schmidt meteors, and finally the Super-
Schimidt meteors with the TV-meteors. In all cases
we were able to find one single value (+0-1 in log m)
of the relative shift between neighbouring observational
materials holding for all groups. Thus the cumulative
number curves were constructed over the whole and
rather large mass interval for all groups.

The absolute calibration was taken from the work
of Halliday et al. (1984). First, we independently
found the same slope of the cumulative number curve
for type I fireballs as they did [or meteorite-drapping
fireballs (identical in two digits: —0-69). Our difference
in absolute terms corrected the final mass scale
according to the mass scale of Halliday et al. (1984)
by increasing it by a small value of 0:2 in log mass,
and this also corrected the absolute number of
meteoroids by 01 in log of numbers. This actually
resulted from comparing the numbers of all fireball
bodies with the number of type 1 fircballs, and from
putting our cumulative number curve for type 1

A
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fireballs identical with the same curve ol Halliday

et

results of Halliday et al. (1984). The mass scale of

McCrosky, defined in chapter 2 section d) and used
log m above our final mass scale. Thus our final mass

in all papers on PN and EN fireballs, is by 0-3 in

of all our meteoroid groups, the above procedure
also provided a perfect check of validity expressed
in the consistency of our results, based on more
extensive observational material, with the independent
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scale used in this paper can be related to the two

mentioned mass scales by

to —4:6 (in logg). For each group separately,
Tab. 2 contains logarithms of the cumulative numbers

alrcady calibrated to the whole Earth's surface per
one year. In the last column, the logarithms of cumula-
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The results of all these computations are given

masses of Lost City and Innisfree, and it depends
in Tab. 2. The mass intervals are 0-2 in logm from

on artificial meteor experimens by Ayers et al. (1970).
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tive numbers are given for all sporadic meteoroids,
as they resulted from summing up the numbers of
meteoroids of all groups within each mass interval.

Table 3 contains the incremental numbers, as they
resulted from Tab. 2. For each 0-2logm interval,
Tuble 3 contains logarithms of the numbers and

logarithms of masses within each of the 0-2-wide

log-mass interval, for each group of meteors separately.
The last column gives the same for all meteors as
it resulted from summing up the incremental numbers
and masses of all the meteor grou;ps.

The results of Tab. 3 for “all meteors™ are compared
in Fig. 1 with the “visual data” published by Hughes
(1978, p. 155) (denoted c) and d)in Fig. 1). The absolute
values in the typically visual interval (rom Ottollg
agree almost perfectly, but the incremental masses
in the other intervals (log M < —1, and log M > 1)
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differ by orders of magnitude, This only emphasizes
danger of any extrapolation of cumulative numbers
beyond the region of actual full-sensitivity of a receptor
Tt is interesting that the incremental mass has the
absolute maximum at the largest mass boundary
of our observational material and a lotal maximum
just at the *“visual” meteors (they are close to the
“Super-Schmidt” meteors). The local maximum at
logm = —0-5 (in grams) is mostly caused by the
A-group bodies. They comprise half of all the meteors
in the whole “Super-Schmidt” region and almost
902 of all meteors at log m = —0-5. Details will be
discussed in the next chapter.

The discrepancy between the “visual” and the
“photographic and TV" data could be in the definition
of the mass scale. Certainly the “yisual” mass scale
contains meteoroids of the same brightness un-
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Fig. 1. Incremental masses M in intervals of & log m = 1, M is in grams per year for the entire Earth's surface. a) the results
of this paper, b) the resulls of this paper with the luminous eMiciency variable with mass according to Eg. (5), ¢} and d) the results
from visual observations (Hughes 1978).
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resolved, but with the mass ratios up to 200, which
causes incorrect slopes of cumulative curves (they
are steeper than the cumulative curves with resolution
of the mass-velocity dependence). But on the other
hand, the luminous efficiences applicd to detailed
velocity and brightness data of the photographic and
TV meteors, may be only rough values and also
mass dependent (the velocity dependence was taken
into account for each meteor separately in integrating
the light curves according to Eq. (2)).

As an extreme (and very improbable) assumption
of the mass dependence of the luminous efficiency
we took the expression

(5)

(in the system of cgs units combined with/ =1 for 0
stellar magnitude), where t = 740 is the luminous
efficiency. This assumption actually means a 10 times
smaller luminous efficiency for logm = =3 than
for log in = 2, which is highly improbable. Atlog in =
= 3'5 both luminous efficicncics (the above equation
and the average elficiency corresponding to the final

log 1y = 0-2log m — 18-70

log m [g]

Fig. 2. Cumulative numbers N ol meteoroids of mass preater
than m (in grams). N is given for the entire Earth's surface
per year, a) the results of this paper, b) the Nux model of
Griin et al. (1985). The a) curve is extremely well defined
for metcoroids with log m greater than — 3. The discrepancy
of a) and b) at log m = —3 is almost 2 orders of magnitude
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muss scale used in this paper) are identical. In Fig. 1
the incremertal mass curve denoted b) corresponds
to this extreme crude assumption. The absolute
maximum at the most massive bodies remains. The
local maximum is shifted to larger masses and the
discrepancy with the visual interval is evident. On the
other hand, the bodies with logm = —1 to logm =
= —3 are closer to the extrapolated visual values c).

The results of Tab. 2 arc compared in Fig. 2 with
the model of metcoroid Ruxes given by Griin et al.
(1985), based on lunar microcratering and Whipple's
(1967) interpratation of msteor statistics within the
mass interval of 107% to 10* grams. The sume order
of discrepancy as with Hughes' values was found.
The average slope is identical between logm = 07
and logm = — -3, which is a typical interval for
visual metcor observations (and close to Super-
Schmidt sensitivity interval), and on which the slope
given by Whipple (1967) mostly depends.

The dimension of a crater, when related to the mass
of its projectile. has a similar large spread due to the
velacity of the projectile as in the case of the “maxi-
mum brightness of a visual meteor”, Azain more
populated ranges of smaller projectiles of high velo-
city are added to the ranges ol a few larger projectiles
ol low velocity at the same dimeasion of their craters,
unresolved. This makes the cumulative slope scemingly
steeper.

The curve of incremental mass, resulting from all
avitiluble photographic and TV-data and denoted
a) in Fig. 1, is distinctly preferable to all “visual®,
“visual-extrapolated” and ‘“‘cratering-extrapolated™
data with the following precautions: The extreme
wings below logm = —3 and above logm =5 are
close to the boundaries of the seasitivity of all the used
systems and may contain less bodies than in reality.
Within the interval from logm =5 to logm = =3
the incremental masses can differ from reality maxi-
mally by +0-3 in log m, butthe relative change from
one interval to the next has a precision better than
+0:1 in log m.

The method of dividing the mcteors into groups,
treating the groups separately and summing the
meteoroid numbers of all groups in the final step,
gives better results than if the whole observational
material were treated as one statistical body without
classification. We feel that group A is still a composite
(Hawkes et al. 1984) and future, improved classifica-
tion systems may treat this group as several groups.
The results would then be refined, but we do not
expect this refinement to bring larger changes to our
present results.
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Table 4
zelative percenl cumulative nuzders of meteorolds of individuzl graupa.

411 metearoids of the group larger than mass m;
m in grams,

log m 11 ITAl TITAL IIIB
(leg g)| "mastv A B c1| c2 | 3| o
6.8 (13) (B67) - - - - -
6.6 (14) (&6) - = - - o
6.4 1 65 = (3) - g 21
6.2 13 64 - (1) - - 20
6.0 14 63 = (4) - ~ 19
5.8 15 b3 - (4) = - 18
5.6 16 63 - (4) - - 17
5.4 17 62 - (5) - - 16
5.2 18 62 'l = (3} - - 15
5.0 19 51 - 6 - - 14
4.8 20 &0 - T - - 13
4.6 21 59 - 8 - - 12
4.4 22 57 - 8 3 - 10
4.2 23 55 - 9 3 - 10
4.0 24 54 - 10 3 = 9
3.8 25 52 - 11 3 - a8
3.6 25 51 - 12 B) - 8
3.4 25 50 - 12 3 1 7
3.2 25 50 - 14 2 1 T
3.0 26 49 - 15 2 2 6
2.8 26 48 - 16 2 2 6
2.6 26 46 - 18 2 2 6
2.4 26 45 - 19 2 2 6
2.2 25 44 - 21 2 2 6
2.0 29 43 - 22 2 2 6
1.8 25 41 - 23 2 3 6
1.5 24 39 - 25 3 3 8
1.4 2 35 1 25 4 3 6
1a2 22 15 1 25 5 4 q
1.0 21 34 1 25 g 4 1
0.6 20 32 2 24 1 4 7
0.6 19 33 2 20 15 4 7
0.4 17 35 2 17 18 4 7
0.2 14 39 2 15 20 4 6
9.0 1 47 2 12 20 3 5
-0.2 7 57 2 9 18 3 4
-0.4 5 70 1 6 13 2 3
-3.6 s 80 1 4 9 1 2
-c.8 2 E3 1 4 7 1 2
-1.9 2 £l 1 4 7 1 2
-1.2 2 62 1 4 8 1 2
1.4 2 78 2 5 39 T 3
-1.6 1 73 2 7 1 2 4
-1.8 1 62 2 9 12 3 5
-2.0 1 52 b) 12 13 3 6
-2.2 1 55 F 1o | 1] 4 7
-2.4 1 48 3 23 13 4 8
-2.5 1 41 3 31 12 5 7
-2.8 1 34 3 g 12 3 6
-3.0 1 30 3 41 12 g 5
-3.2 (1) 22 3 41 12 9 5
-3.4 (1) 28 3 39 13 12 5
-3.5 (1) 27 3 15 13 16 5
-1.2 (<1) z 3 I 14 21 (4)
-4.0 (<1) 25 3 27 14 27 (&)
-4.2 {<1) 2 3 23 14 34 (3)
—4.4 (<1) 22 3 19 13 41 {2)
-4.5 (<1} 19 3 15 12 49 (2)
5. Changes of Significance of Meteoroid Groups preceding chapter is represented in Tabs 4 and 5
with Ivlass in percent numbers of meteoroids in the 0-2 — log m

intervals. Tab. 4 contains the cumulative numbers

The change of importance of the individual groups  and Tab. 5 the incremental numbers. The lollowing

with the mass of metcoroid is strongly impressing results of relative changes of population of the indi-

and there is no way of dealing with the entire meteoroid  vidual groups with the meteoroid masses can be
complex in the whole mass interval of Tab. 1 as with specified by using the incremental numbers.

one statistical body. The detailed quantification in the The short-period randomly inclined orbits of the C3




Table 5

Relative percent incremental numbers of meteorcida of
weteorcids of the group inside the given mass interval
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individual groups.
of 0.2 in log m;

oin grams.

log m T it ITza| TIzis IIIB
riiég £ mpate | oA 3 ci | ca | © D
6.8 6.6 | (13) | (say| - - - - -
5.6 6.4 (193 | (E1)| - = - = =
6.4 6.2 16 64 - (4) - - 16
6.2 6.0 17 63 - i5) - = 15
6.0 5.5 18 62 - (6) - - 14
5.8 5.5 20 61 - (6) - - 13
S.6 5.4 21 &0 - (7) - = 12
S5.4 5.2 22 59 - (g} - - 11
5.2 5.0 24 58 - 8 - - 10
5.0 4.E 25 51 - g - - 9
4.8 4.6 25 56 - 10 - - 9
4.6 4.4 27 54 - 11 - - 8
4.4 4.2 27 52 - 12 = - 7
4.2 4.0 26 50 - 13 2 - 7
4,0 1.8 28 50 - 14 2 - 6
3.6 3.8 26 4E - %5 2 1 6
l.6 1.4 27 a7 - 17 2 2 5
J.4 1,2 27 45 - 18 2 2 5
J.2 3.0 27 45 ™ i3 2 2 5
3.0 2.8 26 44 - 21 2 2 5
2.8 2.6 26 43 - 23 1 2 5
2.6 2id 25 42 - 24 1 2 5
2.4 2.2 24 40 - 26 2 3 5
2.2 2.0 24 38 - 27 2 3 6
2.0 1.8 22 a7 - 25 2 3 5
T+8 =14b 22 35 - 25" 5 4 6
1.6 1.4 21 33 - 28 7 & 7
1.4 1.2 20 31 2 26 10 4 7
139 3.0 19 28 2 23 19 3 8
1.0 0.8 17 29 2 15 20 5 E
C.B (.6 15 34 2 13 24 5 1
0.5 0.4 12 40 2 11 25 4 6
0.4 0.2 9 47 2 0 24 3 5
0.2 0.0 6 57 2 & 20 3 4
0.0 -0.2 4 70 1 6 14 2 3
0.2 ~0.4 2 a1 1 4 9 1 2
-0.4 -0.6 1 89 1 2 5 1 1
-0.6 -0,8 1 87 1 ] 6 1 1
-0.8 -1.0 1 a3 1 4 a 1 2
=1.0 =1.2 1 75 2 5 10 2 3
=1.2 =1.4 1 6h 3 ) 1) b] 3
-1.4 -1.%6 1 54 4 14 1 " T
-1.6 -1.8 1 45 4 15 11 L] 9
-1.8 =2.0 1 3 4 =5 17 5 11
-2.0 -2,2 1 10 3 33 1 h 12
-2.2 -2.4 1 24 3 43 13 1 9
-2.4 -2.6 1 20 2 53 1 i f
-2.6 -2.8 1 15 2 AC 9 a 4
-2.8 -3.0 1 18 2 53 10 12 4
=-1.0 =1,2 1 21 3 13 14 19 3
=-3.2 =1.4 - 23 4 27 16 27 3
=3.4 -3.6 - 23 4 17 17 7 2
=31.6 =-1.8 - 21 4 10 16 47 2
-1.8 -£.,0 - 19 4 3 14 < -
-4.0 -4.2 - 16 | (4) (4) | 12 G4 -
4.2 -4.4 - 14 1439 | ). |10 7c =
-4.4 -4.% - 11 ] (3) ] (2) 8 76 -

group are virtually absent among meteoroids larger
than a few hundred grams. At 10g they reach 5%
of all bodies and again became relatively insignificant
(duetothe overwheliming position of the A-meteors over
the other groups) from I to 0:1 gram, They then steadily
and rapidly increase up to 76% at the end of our mass
interval at 2 x 1075 g, If we compare the C3-group
with the Cl-group of short-period ecliptically con-
centrated orbits, we sec that the number of Cl-meteors

Is larger by one order than that of the C3-meteors
for masses larger than 100 grams. The C3-bodies
reach the same number as the Cl-bodies at 5 x 10™%
grams, where both the Cl- and the C3-meteors already
outnumber all the other groups. The Cl-group beco-
mes quite insignificant for masses smaller than 10™%
grams.

The Cl and IITA-group alone reaches the first
maximum of relative numbers up to 28% between
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400 g and 10 g and the second maximum up to 60%

at 2 x 107 g. Its significance then rapidly decreases

to a few percent at 107* g.

The C2 and Il Ai-group with the long-period
randomly inclined orbits is negligible for bodies
lacger than 100 g. It reaches its maximum of 25
between 10 grams and 1 gram; for smaller masses
it mostly remains between 103/ and 20%. The minimum
at 0-3 grams is caused by the maximum of the relative
importance of the A-group.

The source of the C2 and C3 bodies seems to be the
same:; long-period comets. Thus the short-period
orbits of the C3-bodies may originate due to higher
ejection velocities (rom the parent comets. The
ejection velocity is an function of meteoroid massand
the change of the regime of transit from long-period
to short-period orbit may take place within a relatively
small mass interval. If the C2 and C3-meteoroids are
of the same origin in long-period comets, the ejection
velocity for masses larger than 00l g is then small
enough to change only an insignificant number of orbits
to short-period orbits and, on the contrary, the ejection

velocity for bodies smaller than 0-001 g is large enough
to change most of the original orbits to short periods.
At the meteoroid mass the of 2 x 1077 g, the relative
number of the C2 and the C3-bodies is identical.

The steadiest population of meteoroids belongs
to the A and II group. Within the mass range of
2 % 107 to 5 x 1073 g, it never sinks below one
quarter of all the observed meteoroids. At the mass
of 0:3 g, the relative number of meteoroids of the A
and II population reaches the maximum of 89%
of all meteoroids: The steady importance of this
meteoroid system may be due to two different sources
of its bodies, which we suspect to be carbonaceous
bodies: comets and asteroids. Larger meteoroids
of the A and II group may be mostly derived from
asteroids, while the smaller meteoroids of the same
group may mostly come from comets.

On the contrary, group I and the group of “aster-
oidal” meteors display a steady increase of relative
meteoroid numbers from small to large bodies.
Below 1g these bodies are virtually absent but, in
contrast, they comprise 2877 of all fireballs at 10 kg.

1001
N%

90—

80—

60—

40—

20—

10—

log mIgl

Fig. 3. Relative percentage of incremental numbers (N%) of three types of meteor bodies as a function of the meteorid mass:
a) stony material, b) A-group malerial {carbonaceous bodies), c) cometary material,
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Between 10g and 1000 kg this system of group
bodies has a steady: contribution of 20% to 30%
of all the bodies.

The B group seems to be gencrally a weak popula-
tion, not exceeding 4% in incremental numbers at any
mass. Orbits of the B-group bodies always have a small
perihelion distance of less than 03 A. U. This paper
deals with sporadic meteors, but it is worthwhile
to remind the reader that Geminids are typical mem-
bers of the B-group.

Surprisingly, the D and II1 B group is quite strong
up to 16% for the largest bodies of more than 100 ka.
This group still has mostly more than 5 of its bodies
in the huge interval of 100 kg to I g. This system
becomes insignificant for bodies smaller than 0-001 g.
The maximum of 129 at 0-01 g may be only seeming
due to the overwhelming importance of the A-group
at 0-3 g, where the D-group sinks to 1% of all meteor-
oids (practically 1% of the A-group at 0-3 g).

The large density changes inside a cometary body
(Donn 1988) may form potential meteoroids of quite
diverse densities, but with a generally similar chemical
composition. Meteoroids of the B, C and D groups
manilest this feature quite well.

Figure 3 represents the percentage change of three
types ol metcor bodies expressed in incremental
numbers: a) stony material, b) A-group material
(carbonaccous bodies), c¢) cometary material. It
suggests that most internal discrepancies in the results
of studying meleors by objective optical means in the
past, originated from the very fact that we first learned
about meteoroids [rom the mass interval of the com-
plicated interlaced systems of mcteor bodies.

The total influx of all sporadic metcoroids of 5 x 10?
grams per year for the entire Earth’s surface resulted
within the mass interval of 12 orders from 2 x 107
grams to 2 x 107% grams. Most of this mass comes
in the form of bigger metcoroids.

6. Densities and Ablation Cocefficients
of the Individual Groups

The average bulk densities of mcteoroids and the
average ablation coefficients given in Tab. | are
values derived on several theoretical assumptions.
They are calibrated using these values derived for
all the 3 meteorite lalls, which belong to the photo-
graphic fireballs of group I: Piibram, Lost City and
Innisfree. But the values of bulk densities and abla-
tion coefficients deduced by different authors from
widely different theoretical concepts, agree rather
well (Ceplecha 1986). The average values given in
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Table 6

Interval of = one standard deviation of average g, (s cm™?)
and a(s® km™~?2) of Tub. I.

Group Ll g
from lo from to
Yast" 4 [ 27 59 0-007 0-028
A+ 1-4 27 0-028 0-056
B 0-65 1-7 0-05 0-11
C+ A 055 0-91 0:08 013
D+ IlIB 0-18 0-38 0:17 026

Tab. 1 should be closer to the actual average values
than about +30%. Tab. 6 contains the intervals
of one standard deviation both sides of the average
values of gy, and ¢ in Tab. 1. These standard deviations
contain two inseparable components superposed: the
random errors of determination of the individual
oy and o and the actual distribution of the numbers of
bodies ol different densities and ablation coefficients.

Recently Padevét (1983a, 1983b, 1987) argued
values of the bulk densitics and ablation coelficients
different from the values in Tab. 1. His theoretical
concept yields results at variance with all other
investigators. He claims that all the groups of Tab. |
can be explained using the known mcteorite types.
But his theoretical concept should be applied to all
the detailed data on the velocity change of the indi-
vidual well observed fireballs. Padevét applied his
theoretical concept only to the terminal-point and
to the beginning-point data. Belore this theorctical
concept will be checked by well observed fireball
velocities over the entire trajectories, his results should
be taken with enough precaution. 4

The detailed knowledge of the dynamics of the
ablating meteoroid along its whole luminous trajectory
makes the absolute values of the ablation coefficients
for types [ and II fireballs not only realistic, but also
quite accurate (Tab. 6). If the type [ fireballs belong
to ordinary chondrites with a bulk density of 3-7 gfem3,
then 2:0gfem?® is the bulk density which fits the
ablation coefficient and velocity change of the type II
fireballs. The classification of the type I and I fireballs
in Tab. | is based not only on their terminal heights,
but it also contains all the details of the observed
velocity change represented by one *‘total ablation™
coefficient for each fireball. In this sense, the distinc-
tion using the ablation coefficient is very much
preferable and the rough criteria a) to g) of chapter 2
cannot compete,

But Tab. | contains data not only on fireballs. In
this sense, all the Super-Schmidt-camera meteors
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have Padevét’s undercritical mass and should not
contain bodies of the C and D type. But they do!
And even for the A-group of the Super-Schnidt
meteors, the luminous trajectory is shorter than it
should be for compact stones. Jacchia (1958) explained
the difference in the ablation coefficient between
“asteroidal meteors™” and C-type meteors introducing
a process of “progressive ragmentation”, which puts
them, like Padevét’s “‘overcritical mass™ cases, in clear
controversy with the small masses of the Super-
Schmidt meteoroids.

The old interpretation of Super-Schmidt meteors
by Verniani (1965, 1967) assigned very low bulk
densities to all meteoroids. Although his results
based on the simple equalization of photometric
and dynamic masses in Ioppe's theory (single-body
theory) have been critically rejected many times, we
can still hear or read the following universal statement:
“all meteoroids are low-density friable Auffy particles
of cometary origin™. This is evidently a false statement
and the rcason mostly lies in the “double biased™
statistical treatment of the data, Most of the Super-
Schmidt meteors were published by McCrosky and
Posen (1961) without any selection at all. This materiul
contains 50%, of the A-type bodizs nnd 457 of the
C-type bodies. Jacchia and Whipple (1961) were
interested in precise data on initial velocities, on orbits
and thus on good atmospheric trajectorics: they
chose the longer trajectories for this purpose. Their
selection of 413 Super-Schmidt meteors contains 32°%)
of the A-type bodies and 624 of the C:type bodies.
Verniani (1967) in his final analysis used 189 “best”
meteors selected from Jacchia's and Whipple's 413:
among other criteria for his rather narrow selection
he used the “‘regulac’ statistical distribution of the
ratio of dynamic to photometric mass, expressed as
log (to/0%). This selection worked exactly in the same
way as Jacchia's and Whipple's selection. Among
the 139 meteors of Verniani's selection from Jacchia's
and Whipple's selection of 413 meteors there re-

mained only 20% of the A-type bodies and 75%, of

the C-type bodies. Verniani actually recognized these
20% of meteors as bodies of densities higher that the
rest, but he then used an average dependence of his
log (t5/03) on logv (an incorrect exponent resulted,
because of two superposed statistical distributions)
thus smoothing these 203, into the overwhelming
rest of 759 of the C-bodies. His statement that all
meteoroids are low-density frinble bodies of cometary
origin should be attributed, as a first approximation,
only to the C-type bodies. Also the absolute values
of the bulk densities of “all metcors™ of Verniani are
too low duc to the above mentioned smoothing over
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two different statistical distributions and due to the
applied but uncalibrated equivalence of photometric
and dynamic mass.

One more selection of Super-Schmidt data is
available: that of Hawkins and Southworth (1958),
which contains 316 randomly sclected meteors. This
random selection contains 487 of the A-type bodies
in very good agreement with 5074 of the A-type
bodies in the almost complete Super-Schmidt observa-
tional material published by McCrosky and Posen
(1961). The “double bias" described above, which
suppressed the actual 507; of the A-type bodies to the
32% and finally to the 20°%, is an example of “‘do not
do any least-squares study without paying attention
to the statistical distribution™ and of **do not represent
any whole by sclecting from something, which some-
body has already formed from the same whole in the
same way”,
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TYWO-COMPONENT NMODELS OF INDIVIDUAL SUNSPOT UMBRAE
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ABYXKOMITOHEHTHBIE MOAENY TEHEN OTAE/AbHBIX CONHEYHBIX ITATEH

B paGoTe NpHoOAATCA NONYIMIHPICCCKIIG ARYXKOMNOHENTILIC Mogehn 11 Teneit pasuoro passepa (paguyc
2"—8") 1 obeymaatotes nx obugpie cooiicTna. Mogenu, noct poeniuie na ocnone npodutncii momii Fe 15435 un
H NalDj, waeior apkue cocTannioniue xonoguce Hepoamytenioll gortocepsl, B GonswmicTue cayyacs
omicuiBacMuie MogensiuiM mapamerpost AQ = 0,10, Tesmepatypsl TeMilbiX COCTADAMIOWNX 1AXOAATCA
B aWamatone A@ = 0,35—0,50. daxTop Hanonuewua ApKoil cocTannsioweil B GONBUIIX TelAX OCTAETCR
NpakTHYCeKH nocToRinbimM (S50,05), Toraa kak B Manex TCHAX ON cymicTocuno aseuscrea (0,05—0,30). |
RADHCHMOCTE TCMNEPATYPE! OBeHX COCTABARIGOTX, TAK He KiK axTOopa HanonHenia, OF CTAZING PAIDHTHA
MATHA He :taﬁnmnanncs._

Semi-empirical two-component models of 11 umbrae differing in size (radii 27— 8" are presented and their
general characteristics are discussed. The models, based on the profiles of the Fe I 5435 nm and Na | D,
lines have bright components cooler than the undisturbed photosphere, with a temperature down-scaling
factor A@ = 0-10 in most cases. The (emperature of dark components fluctuate in the range of A@ = 0-35
to 0-50. The filling factor of the bright companent remains practically constant (£0:05) in large umbrae
{r, > 4"), whereas in small umbrae it changes considerably (0-05— 0-30). Mo dependence of the temperature
of both components as well as the filling factor on the phase of evolution of the spol was observed.

Key words: sunspot umbra: models — photosphere

1. Introduction umbral dots. The spatial distribution of the umbral
dots resembles photospheric granulation very much
(Bumba and Suda 1970). Due to relatively long ex-

posure time, spectroscopic observations enable umbral

High resolution photographs of sunspot umbrae
reveal their complex photometric structure caused

by the inhomogeneity of physical conditions. In addi-
tion to dark cores we observe brighter regions, cx-
tensions of penumbral filaments and cmbryos or
remainders of light bridges. This photometrically
variable *background” is supcrposed by bright.

Bull. Astron. Inst, Czechosl. 39 (1988), 236—242.

inhomogeneitics to be solved only in extremely rare
cases (Adjabshirzadeh and Koutchmy 1983) and in
sulficiently large umbrae. Such data are usually
not available lor studying individual and evolutionary
characteristics ol umbrae, In such cases we may try
to describe the complex structure of the umbra by
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Conclusion:

From this result, we do not expect a storm

for 2004 June Bootids, but maybe an

enhanced activity, on June 23rd.

The activity seems to last several hours, with

a possible maximum around 11:00 UT.

The main contribution of the shower will be due

to trails ejected in 1819, 1825, 1830 and 1836.

The 1875 trail is very close to the Earth's path

(upper part of the intersecting cloud), so

Y (au, ecl.)

activity from this stream is also possible.

MsS~c']
2004 E 7 A 4 A EE I —
(6 B9 LoniE) oHBNRN
ML (NMS)

> Sergey Shanov, Sergey Dubrovsky (#&#)

HHE BHEEEUT) deltar JrHEEE
1836 6/23 13h05m 0.0031 07.01lm/s
1830 6/23 13h39m 0.0025 07.09
1825 6/23 14h43m 0.0025 07.49
1819 6/24 16h06m 0.0033 08.53
1813 6/24 19h08m 0.0035 10.86
Nodes (2004)
—0.B8 T
—0.93F -
—0.98 - —
. (;}* Wﬁ(
|19° L v ‘b‘\
© q;\\"‘q nsﬂ\%\ p
—1.03F .
—1.08 | ] |
=0.0567 —D.0085 00386 D.08B78 0, 1360
S X (ou, ecl)
2. BLRSFR
ZHR Odapan Oforelgn GNMS_EEH_(_)_ ZHR ﬁM_S__é_IM_i
80 — 80— 1
70 | g) 70 C&’ O —
60 | == O Q 60 H—— 0'0 Q !
TOD O o
50 | 3 50 ]Ti" —
l 315 9
40 o | 40 o o 3
30 | 80 = Q—-OO O§ % :
i (8]
10 o \) ‘35:_) o i0 . o OO o %
@) 20 - folc o
0 5 'O Il r\g _ 0 1 1. C 1 @_5__
22 225 23 235 24 245 6 8 10 192 14 16 18
day [UT] hr [UT]
HBREOZNEH U Lm Cl
M 45{8 12:00-12:50 5.5 0
fEir 4918 12:20-13:20 6.1 0
EHil 22 8 12:10-13:10 5.2 4
A 2248 11:30-12:30 5.5 0
USA 14 {8 4:49- 5:41 6.63 0
Italy 21{8 9:55-10:25 6.15 0

T ERGE Am (RS — R TSR

Shower Spo
JBO (2004) 313 2.15
LYR(2004) 3.22 2,02
QUA (2004) 3.17 2.16
LE0(2003.19/20) 3. 42 2.43
GEM (2003) 3.23 2.16




116 [E L PEE 27—
20074 TH1HE
ERREA S F
Pl %5
A ERRET SRS &

1. SBAFEDERM

(1) ErEM - REERR, 24 ReFERATRE, /% b —BEl b,

(2) TEBN : ZRENTEBEOYE « (EREORS

(3) TVEH : BEHicL 0. A be— 8, 2088 THE, NEORH, i,
(4) BRMEEN - ZHR B (GRERFHERIRNIER) < SRRMFIC X DMIEDR Lo,

2. REBRAETHEEICEBTHL

(1) BEH : 2EHMER, #l:8H 12875 13 BIZhiTTOEDES I8 A 12/13 1.

(2) BmE4

(3) BRG], TS (hreRd) - 24 BRI 295 oA, BRAERAEVIESIZE, 1 EE
RE (3040l b) ORSITa T Tt - B4 5, BHEGSEAIL, 0055 1 5 FlcZ b A MNER
2,

(4) Z8 EWE . @lRESE, BHRSEFCELLELERERDS,

3. #Hillldh, RENMHBRLLEECEHR TSI L

(1) HEREEZ - FHEE CIE s B T4, b B ThER L,

(2) HE (%) : FHAOEE 0% & ik UCHE, 1 BB CRET IV,

(3) BRHE : MERS. E3BERE.

@) BOFE  EiE-H HEHY |, BIEIIEFET Train,

(5) #EE : vR, R, rR, M, 1S, S, vS @ 7 BpECaitdkd 52 L AE Vv, R: RapidGEv»), M: Medium (FFFEEE),
S: Slow(G\Y) &, vivery(& Th), ri rather(o0) Rl bR L0, KTFR&ETILNE IR, b
g ¥ TH ],

(6) 2Dl : KitER LY, FENLRETRET LI LHY,

4. BRAEHmSH

(1) BEFEWFITSAJNESHY (visual@nms.grjp)
2005 £ 10 H RS N®E

BHE L B OB LiITR)
BB A - FORRRITT (L) BREE 140d06m, -L#E 36d14m
BB - R

iR UNC I kU3 B J7m) GiRE R EEE ORI NTA STA Loc.
23/24 02:30-03:20 50 Per 18 5.4 b 9 0 A
g8/04 OD3iR-04:10 RO Ber A1 B3 14 7T DO A
27/28 02:30-03:25 55 Per 9 5.5 L R
27/28 03:25-04:15 50 Aur 5.4 SN R
SL01 22i95-0800 8 Per 1B B398 67T I 1T 8 A

&3 3® 280 60



ORI : AU F o #f
NTA : B9 Lib#E
STA + 85 Lk

JCEE AR
23/24 H

-4 3 -2 -1 0 1 2 3 4 Ave
ORI 1 0 1 0 2 1 4 5 2 183
So 0 0 ©0 1 1 2 3 2 4 223
(LLF., oo H OXE S EE)

(2) FERBEHEPEF (report@nmis.grip)
DATE JST TIME aM Spo. ORI NTA STA Im CL Dir

Oct. /2005
27/28 02:30-03:25 55 9 4 3 1 1 55 @ Per
03:25-04:15 50 9 4 3 1 1 54 0 Aur

ORT : AU A
NTA : B9 LAki
STA: B85 LiEH

BUHIHE - IR (BB L) BEAR 140d6m, Ak 36d14m
BHFE - 3
A &R (9% LITE)

5. Al LDIEE
(1) B or Z—FEF 2

B2 TEAGHEEEN, @R 70— 73 s ibiizin, 1 Abs D ~OERNS FHE,
(2) BT onBHHm

FIEE 60~T70 TS A R A B, HEROBBME NG L XL, BRFAF D LE LT,
(3) E&

(3-1) BRRFOFOERFREL S, (2ROEETIHAEZW)

(3-2) 2L OEEH LT, 12750, AR EEHOLEVEREZERT 5,

(3-3) HEFENMOEOEEIIL72 L, POHTOBE T KE N,
(4) EmE

(4-1) 0.1 SEATCRIE L., #45, (0.01 SHA L)

4-2) = U T, 220l LOY FEEIORBTTH,

(4-3) 25 LIRTRS,

(4-4) —ERZ TWE S RS Ec,

45 IMO D= 7RE - BMEE http//www.imo.net/visual/major/observation/lm
(5) BEHIE

(5-1) KD 3 H>OEEEZETHE LT, BIEE,

a) WA A FMO LML b) BHAOE TEES ., Hihb LoD c) HEL Lok

(5-2) W& AT T8 Tk, =y 7]

(5-3) EBHEFOWIAITIZ, BEETHSTL,




B. ZHR EH7A#E

1. ZHR &iZ
(1) ZHR : Zenithal Hourly Rate
(2) BRAEM /KT 1 AOBEIE TO LIS 0 kR, REFOHBRNERT,

(3) EAEA9/ i - EE 0. BMFE 655, W ST KTHE
E

2. IRREH®DEHDOHIE
(1) HR (Hourly Rate, L FFH 7=V O EE) BN

HR=—" N : BRI, Tor: H2VERIERE [he)
elf
(@) EEWE
l R

c: EE,

“d=clf10)
EE3ThHRE. MEKEE (BE) ARVES LY 38MS LTERSh WA, LS EEDD
ETORIEE, LT, EEZEERTLHE,. RFRAHoECEEIEROmEL D L/ha< BiE

24

%_‘u ;:) — o
(3) R EHE
s ptaln v e, Lm: BEE
(3-1) ¥EH r Lk
HEEIAADNLDLVBVLOOFREZ, MEN L SHIE A HERN v {SiIzlz T L&
IOy ENEREES (F1, EM1).,

ZHR OHiEERT 5 5%

BEH v (3, ARSI — # A f’é%ﬂi 2.0 O LR R
LRODLARETHD, LoL, S | WEK 200 ¢

BT % BRI 2 R B g | 1 e

Wi REOYES T — X =1 2 40 |

NUETHY EREHET 0 4 120 o ]
ERELROEEEELTE 1 8 100

HLTWS BEIE20~21 2 16 g o

T HLWVRENRZ VIR 3 32 40 | v

CREE SRS T S, : | e 20 7]

U HERERESFEET 5 128 0 == L BN

5 & B i BN 6 | 256 T

%, NMS TiE, r=16 &
r=20D2@DEEHLTWS,

(3-2) EEk=EL EWEHEDE 2
HLOWRE THEHRFOR LoFICHTHLERS A, BViRE CIEEE R LASE TR D B S0 n
iz, izt THRB2KEES EER 2R WES R H 5, BREE CEE50E) ATOREICE
I ENE TR LR,
TR < R =R R
IOFERT., BORE (BEME) (HESRoETREALEZ LN TNA, BEMICEMEN 1

1
Qo




WAL b L, EEROBEENTRY (2. K 2), FEROBIKELI BLT2 (£2. B3,
k& LT, SRS r DFE, RMENS 1 HRH 2 < esfic, BRFREKE 1r Wb 15,

3= 2. ARE LB EE eEH 2.0 D) 2. sRaaE
i P =
I T ana: =)
Wk | oo | s | N
Fik (&iﬁx il 2 & (ﬁﬂﬁ) = li{ﬂ{WWWW”mW”g““iT"
Tl m=6.5) | T T | (Lm=5.5) X e | 7=~ Lm:b'i‘
-2 1 1 0.99 1 0.8 __.‘_'X.“.J"@.VV s \%(* Lm=5.5
-1 0.99 2 0.9 9 A X8
0 0.9 4 0.8 3 :
1 0.8 6 0.65 5 04*mw~mmw*y4qmwmwm“
9 0.65 10 0.37 B NN
: e
3 0.37 )t 0.145 5 ; -
| 1 5 S -
4 0.145 9 0.043 3 e RSS
5 0.043 6 0.01 1 2 -1 0 1 2 3 4 5 6
6 0.01 3 0 0 =%
it 53 26 B3, FeBE s An (ERAIED
14 7 ==
Lm=6.5i
12 EILm=5.5|
10 _________________________
2 g 7
(4) BH SEEHE 8 "? """""""""
o . 4 7
[ 4, \EHAEE hy L REE 6 -é
. 5 T
d e ' é
s \\'*_ =W My 0 .:' ,,,1
= 3 4 5 5]
o Ry
hy 7~
S 5 |

RS E AR D & &FiTiE, 40 d=x 740,

MEREER, IhiHBRLT, BRABERhOLEXD

BRI L1 = singh, Y BT B,

X

(4-1) Jenniskens 23 U, &< OWERENITE IR S5 ERE

BHEAREMEC RS L, —RIEKEDRNE ZACEALEY — MEORERERRITS

= BHFTEEL sinthe)fE L 0 DT85 - Lo b RkEARERME

—  *gin” (hg) (y it 1.4~1.5 # V5 2 L B%ELY)
(4-2) MO CEEHWSR TV AERSEE/HE

2) BHABENMES 25 L, LEOEY ., KENRES 2D, — BRI

b) BHABENE 25 L, REORBEBEL 25, — ER0507< 20, BHEFEE 8N
= a), ORI EHRT 5

—  +gin(hg)
(4-3) AATIBECH STV BRE AGE B T
B ARER 0 E Ty, RESAODICRELD 0 Tz,
— “+ginthr+ 7 X cos(hg) )



(4-4) BAE NMS IREBHSRFESROTND (15, 5 e A IE e

A R AL IE I e T Rk
+sin!5(hg+5 X cos?(hz) ) /Xﬁjﬁ’ o
BfE, NMS THWTWAHIER, ELA 0.8 *Xé’z/“
EOBFARETAD Ty =15 OHIEL U v
(4-2)IMO OFEDHDRIE L /2> T, ﬁ & T xxogﬁ
FRE L, WHAEE 0 EEOBA, X = "g;ifﬁmm
7 3 e 5 =04 SR SRR e R e e
]}i%!j}%ﬁ:ﬁ@%%b H}J E)ﬂ G&Hj-(‘b éo ﬁ’ -------x'-j-')-i/?-‘-,-'g;‘:lf L — [HNMST!
fﬁﬁﬁ* —0— MO |
(5) BAEHE 2B e NMs |
(5-1) Jenniskens & Ol A ZHH1E :éﬁ%a— """"""""""""""" T b =G |
0 A 1 L 1 i L SRENLY TR I AR 1Y IO (1T O] TS 1 L |
o - R, . ZHR.=C, xZHR 0 10 20 30 40 50 60 70 80 90
" Ave(HR,,) ? ¥ A A

Cp : T OEHIH OHiR FHRE
HRepo : EEFHIFANC BT 2. ZOBBFOBERESO HR (ZEEEMBER )
Ave (HRopo) : EEFHRMIZET 5, £< 0BT ORIERER O HR (ZREMEEFS) OFY
ZHR. : {8 A ZHIIEFE S ZHR, ZHR, : 8 AZE#ERTO ZHR
(5-2) IMO TEFEHVGh S AERTE

ALm HRspa %ﬁi E, 'ﬁ_—[E ) r6.5-an+M,m

o T ave(HR,,)
Pepo : BEREORER BAMEERWAZ EHBE L), r: BEEROREH
Alm : ZOEMFOBAZE, TBRHMEME LWIiBElicLTWna,

6) ZEOBHF—#5 ZHR &R A H1E IMO o)
BRMEGLRRWT—F, BHFFRIARVWT ¥ TEH
—  BAEER - 28 - BEME - IAZE - BHABELE COMEE CEL 2T CTERT 5,

Z N o+1 (65~ Lm+ALm)
ZHR=—="'" | B =
YTy +C) sin(h, ) x(1-cl/10)

Ni: Z#EBOMNKER., Teffi: FEHOEMERh].
*REHIT+ M Bl - WEOHBIIART VoW, BT Y USFiITEERFR IR Ve D,
(A, BMEERD ¢ T, BRLZOREHI Lo ohd Lk
ezl BRENLR, SRR LHE VRS AVES, Z0+ 1 OEDICKER ZHR BEH I
LHOT, HEENLE,

(7) #A=

(7-1) IMO 22U, £< OFEFICAVLERTOEEME A zZHR=_ZHR
ZN+I

¥ OMEBHBEOT ¥ AMEETIC L AEE (BRE, ERESE0EEIC L 2EEREEN
(7-2) NMS THWVehTWaHE
EZPOBMThETNOZHR 2515 - ChoDEBREEZRDS

(B#P 1 ~0He, BERAETELTERND)



C. fIex

1. BWMEBRE TUY7EELERER ()

o S T T T e B e ! by
l . . R ey ™ . gk T " ;
P By T s, x E v .
. 6y e . e
- . ] »
'h:‘” LH ) i ; ®
» s “"‘\"' & ” T b ot }.'-"'"w :
<o b e N L e
i ~ ; . L4 J ..
. 1 g 2{] \.\ - i E L i
¥ (- - W o 1\'- g W
: o e R e « TA
: s ) e Wi - .k >
; f."_dfl o e g - c " H - § s - ’
- "f), : - g * N ‘l": T:- - e - ‘-ar‘ &, -
s T '_‘,’ . v - : &€ ] : L‘l"
. -~ o abw v s oot B gt i e
A © N Mooy B ke Ty T8
LS i | ; e e T e i . v £k . i 3
: “ﬂ-.’::'_i" * b " T w5 . i3
LR o e ; : ¥ ¥ - 5
@, N ’A.‘_'ﬂ W M : '.“'- & L h“‘
-_P £ ; _\‘ . o .' i’d
3 - ,i-w 2‘; N . "4,-;.1 :..
, - b A5 DI kT :
- -1:.’1_‘;"f e I 4 u ""-...‘.‘ i
. “:,“f( y " a : *
#*, » 5 i o s " x
i 3l " ¥
. . g = '\" R RN
: . ' «4" ’ i B - %, " \ jat P
—p . .. ‘.-— - ‘ Ty "\-'.“
A o 1 FLE
= _ " < 4 ot ’ "
! U ’ .- \‘-. Y e
A - . L} P
ael o L‘- -
2 Per [} ?eg 7 Cep
N Lm N Lm N Lm N Lm N L N Lm
1 2.11 24 6.73 1 2.06 24 6.60 1 2.47 24 6.70
2 2.88 25 6.76 2 2.49 25 6.67 2 3.23 25 6.71
3 3.02 26 6.78 3 2.84 26 6.68 3 4.07 26 6.72
4 3.78 27 6.85 4 4.66 27 6.68 4 4.23 27 6.84
b 4.95 28 6.89 5 5.08 28 6.69 5 4.79 28 6.88
6 5.15 29 6.90 6 5.49 29 6.72 6 5.12 29 6.92
7 b.56 30 7.02 ¥ 5.56 30 6.73 T 5.17 30 6.93
8 E.60 31 7.03 8 5.80 31 6.74 8 5.26 31 6.94
9 5.79 32 7.03 9 6.13 32 6.82 9 5.25 32 6.97
10 5.80 33 7.06 10 6.14 33 6.87 10 5.36 33 7.01
11 5.98 34 7.15 11 6.17 34 6.89 11 5.42 34 7.04
12 6.01 35 7.15 12 6.25 35 6.89 12 5.73 35 7.06
13 &.07 36 7.16 13 6.25 36 7.07 13 5.95 36 7.08
14 6.40 37 7.18 14 6.26 37 7.07 14 5.96 37 7.16
15 6.41 38 7.22 15 6.29 38 7.10 15 6.00 38 7.18
16 6.45 39 7.23 16 6.44 39 7.11 16 6.14 39 7.23
17 6.50 40 7.24 17 6.47 40 7.12 17 £.19 40 7.24
18 6.51 41 7.24 18 6.50 41 7.12 18 $.23 41 7.256
19 6.54 42 7.25 19 6.50 42 7.14 19 £.44 42 7.25
20 6.60 43 7.26 20 6.57 43 7.15 20 6.47 43 7.27
21 6.8 44 7.27 21 6.59 44 7.19 21 §.48 44 7.29
22 6,66 45 7.28 22 6.59 45 7.24 22 6.63 45 7.30
23 a72 46 7.30 23 6.60 46 7.27 23 6.69 46 7.32




T2 BFHEST A Map

2.

] L]

el *

...... W ----..._.-----.nu::j:..-
.fmw._z.-_ “
1 ‘ L

s .....M-...n.un:-.._n--

: e '
1 1
’“-_, i
oy '
1 i

ATl e oz i s v s

s gl L

i 22

iL

JE o

o

il
?_.\

>

A

it

A

O B
B

SDA : A3

PATT :

o (EE?)

TR 9 i
e

s

#)

AU

5{

el

VT g

7

!

k)

7d

Fo(

LFEIR, AT S LRSS TN F

E=1/p]

Rz

[~




e EiEESHEE I —
2007TETHLIHE

RIE5| 7 & ZHR B O A8 EAHIE
L 75

1. XESIAEIE

MEOE LMK AEZITS (KL

= IEESAILDS & L biC, BREBRTmMXIZHRS

— RT R, WHARERAEOEIVE RS,
(hp—h' : EBHABKEIZLL 225)

= Z D3R % KIEF| /1 (Zenith atraction) & FEE,

HHEE V., - BHEEE L KA oGO
BRI 20 LB,
Ry 7 Ry B (18km/s) X, {EZSICERS

b 10 BB L b RS RASTR & B0 | AR OB 2 et
SHSPART 18T ORBS IR IS, o ~IR
-EBWLEbhdE ) LE (28km/s) TH, BHA f Qo‘__ —o— 18km/s —— 28km/s
DEFEEROEY - TRy rBOENUT, 2 [ %o | s %mmg+—wmm'
S b fe TBE (35kmis) oULEBE (59kmls) TR, 10 3 L ‘
BB L~ THIERES N OB BITIEEA g | T ——
LEETE D, % - %a
Q.
X‘x\‘ a.
L N xﬁ Zj‘)(‘x....................WS.XG ,,,,,,,,,,,,,,,,,,,
2. RE3INE R EHEOBS SEERE bap g K
_ 1 DA g K
(1) RAEH D Hik S S < 5N
_+
HIERD BN L 2 B 0b, 2 SOREMRES O === ﬁﬁ%‘
HEREE Ve CRATICHINT B, A
(AEIDFE TR, HERERD 600 150 & = B AR ]

B, d=1 kmlThiH.)

— HIBRBI I L 0 WA A1 < (B EEREE)

— MR~ OBER D SIS EE R KD, HIRICHE L L 20 2 SORLWE ORI x 2R 5,
— HIERB|ADIEE CX CEMAREEICH S & % & it 5 & . REWEOEEG S [,

X

Z. BHARE he O & & OFEHY sintho)fif & T 5,

N

Td

&




] 4 L[ 5 2R HUEEE GO

1.4 ¢+
ERELT, B5L#E (V, i
=28km/s) & Vx = E=B (V. B L e
=20km/s) OFERERT, £
08 F
)
%&b~ --------------------------------------------------------------------
&
0.4 e ——sin(hR)
---&--- Tau sin(h’)
0.2 >l & A e Tauwd/fg |
R |—-4<————Gia sin(h’)
. |—o—Giad/x
O Il 1 i L i 1 1
0 20 40 60 80
W& & A & EhR
5. #EL:

1.4 [

\
Py

—8— Tau (d/x)/sin(h”)
| ~— Tau (d/x)/sin{hR)
—5— Gia (d/x)/sin(h’)
—— Gia (d/%)/sin(hR) |

1.2

o

0.9 — — |
0 20 40 60 80
R4 TR AR

(3) #ham
* KTEG 12 ZBE LAV sin(hR) & Wl 5 &, ARoRER dIx 13FIc£< 25 (24),
— ZHR BHIFIC sin(hR) CHITET 5 LS, Bic, BHABEMEVWL 2 2HE (1),

* KEGIAEFBE U sin(h) & LT, AROELE dix DFRE N,
EEL, BRHARESEN L EIZ@EhR0EL RS (K4),

— ZHR BHFIZ sin(h) CTET 2 L ETIBEEIC Y . BHAEESEVEOE S 2SI X1,
72120, B LETRER44% DN, P+ a b =T 10%0Emc: Y25,

— RESIHNZZE LB ARE 2 AW THEST 50, IBEBROZERBN - 25,




"EB-CCD- || - BREBAZRTLZOHN?
MEME S F—2009/10/4
A& EMAEs MEEL
1. RETUOKES HER

RSN TESNEN R (REH) L5R - BRBAITRDSNHOLITEMN D 0B NS S., ZL
T, LELHE, IRESAEHENMENE LT FE - ERERTRO SNHERSAROBOL L TRD S
NTLED, LAl ARNEESHTORRZLIIC, MEH#MNEOLS TRBENSOME, BRIAEIZ
Lo THRDER>TVS, MESETOL T2 ANSEIET 5,

EEROERRE (WA BRAUAECIVERS. LEAAFHCA A BRI EDOL I RBRIAETHIE
RREEVRDSNIH, TNSRANNTH S,
(AEEBRAITIE. HLIVWHEOFIENE WERIIEMEENES THHREH L L TRAOIN 3.
1 TEERGRER EEBRICL - THR - R Tna.
BYEHESATE., BLRENSHBRA SN EMEEOENHOIRBA SN,
Bl RV ARCL LHEIEERRN T/NRERIIBE 20,
ORERHL LWRETH S50, EMEEMEVLORERE iz,
B TAAOTE 0L, NMIEHOBERIIERBARM TR —EAHID,
D)EE - BREERTIIRZOIMREZRAL TS, BER GRE) 2%175.
(a) M2 B4 BH - BHETETHATORKES, BRETIEHERTHS.
OAODE DI, RASNLIHREREEN RS, BENBEIEEERNOMRBTH 3.
CFBEHEOREZICED, MHEOMHMNERS,

LLIF T, BRAEOEWIILD, MEBBIZEOL ) ICE# N 0OMERNT S,
2. BEBRISBERIOEN : AL RBEHELT
EHERBOTF—213NEAEHEL T, —HIcHEZMALEERROT—2M 0, EiEEAIKIAU

meteor data center® T —#% EFIH L TWd. T I T, KBEHKEHN15<Ls<155, B4 5100 HHE 7$275<L-Ls<295,
30<B<45DHDEFIT AT A#) ELTHEFAEEEOSHEBNL TN,

(DEEH 2970

BHISN/-BH A BRZEESERICREL, fEIC3EE, X8RS S KBEEZTIWCbO2 R
IZERS> TWA. ZEBER(BY EXB) TIIBERES Q28 522 2R L THHOIIM L T, KRR (N —
N—F) TEERNESRZN. Zhd, EEEHICEERRT (RT15) HEORY, BNEE S8R
EDEAVERDEORIEIZLDZBDEEZA SN S,

QR)EE S

EHHEAOBE STV, TIdR<, 5ANEERER VoL TS, R ZDMhINCIXEE L. HEl
FBERARFOXBHERCH LN ERTIIHEENICEBAM S 501cxd U T, ik Tl hE o #ifsis 570,
EVREVDT—F LinlanwZ EWtbnd, £, Y AFOBKKHICYZ5Ls=1400[ETH2TH,
VoD R EIZED TRE, ZHI, BHEORATIEIRL, BHREOKRZIERTHOEEZILNS. Nt
7 A BEDOFEEVO=60knm/s/n 5 ETFIZAHANARKESHRTNS Z &, g - MhEHE %= H OmENEE,
TOBHDTHLZLEZERET D,

3. rHDITEE) L3FH

MBDITEEE T AN BIFEHNE 5N SRS AEM230<L-Ls<255, 10<BBOIDNWTEHEET—¥ 2RET S &,
200<Ls<310D A WHARIZ /- THFE SRR INT WS I EMNghd, HEXHFOT S T7ME, HEHZE
5T, A &R Uz /e Eoifmicd oz BB ORESBFER TS 0,
INSOERE (HER) SIEEON, HERFERKIC 1 DIZELSONM RN TLHENSH S,

4.$EE:CCD&I|ngm£jgﬁnﬁigémm

CCDEHI LMz L ABRAITIE. EHEERNEEEHBRICGEND., BRSNS EEESNS, HWIZEH—#0
BEWCCDEBIELTER, IBAE L TEHFOLOEZRWTHNEZEBL Td, wenNOEEEEDHIZ, K
EIMSSTOREEZTFELTWA,




Soviet Photographic Perseids
|
| *
K
|
| |
| | |
; \ |
; | i
295 290 285 280 L-Ls 275
Soviet Photographic Perseids
Velkm/s)
90 T ‘ = - S
80
. .
&
70 = e =
60 : ot $otp’l o * *
I B .t° o i ¢ I
* * [
50 L =
40 :
130 - ,
120 l |
10 ! ,
’ i
0 | | 1
115 120 125 130 135 140 145 150 Ls 155




B Aé DHRY AL e B et

| ) Harvard Radar 1968-69 Perseids

—————————— 45
» .
g . %
* | . ¢ B
. . %
. LI < ¢
[Ty ¥ Y 40
.
| . * . ®
. g . ¢ .
*e
* *
o *
®
. .
35
* * . :
* .
. o* ? .
.
» L 30 l
295 290 285 280 ls gE |
| Vo(km/s) Harvard Radar 1968-69 Perseids i
} 90 ‘ s | | |
w —
| 70 ; i |
! * & hd
60 ! S ] .
* | * .
| 50 1 L ‘
! 4 ‘
. ¢ s |
40 & T, . ‘ Y+ |
* * 4 * ‘ * |
30 < ‘
.
| -
20 T 1
| A : A
. : i
10 i | [
| | | [
0 I i ‘\ ‘.‘- |
115 120 125 130 | 135 140 145 /;’ 150 Ls 155
‘.‘ (_J“
\ e,

~
1

X - i I =
Rulunz ey ARl



hotont BE

s - - 30
- | X 200<Ls<215 B
|+ 222<1.s<238 ;.
| & 255¢Ls<267
|0 282<Ls<283 i 25
Z ‘
» e e 293<¢Ls<303 "
A ; a 2
ya a =
& | o b 4 * o
A. o 0% | 20
° A
x 3 |
| o |
|
" = 15
X +
‘ i
| |
10
255 250 245 240 235 L-Ls 230
80 Ve(km/s) i
| ‘ |
i |
70 > : | :
% I X
.’ Ll & ¢ 3 - Y 0:. v (4 % ‘.
8 3z R : e » o
50
40
30 i
20 ;
10 !
0 | ; | L
S
200 210 220 230 240 250 260 270 280 290 300 310




HAAEIZLBRENDRAZA 1 1&£CCD
¥ 2 4 EEEYEYE I F—2010/Feb./7

/NBHIE A

1. EBRIOITE L Fik
I 1&CCDOFMEEE

CCD 11
R FEBM L~V OB 5 iR TN U L~V ORFUE R
1 HLIGEE FH 23 7] A LG F 70 PR 44
Ly X TR BE B3 7= DI Il = S BEVRE A2 D T2 OIC K =Rk
i O RO DI/ EWN FEEAODIIRE W
i DRI R L, BB E D LT F<, HBNICINE RN EnE 0N
B[R] iR RE 1/30 1/30
AT D i R N-HT 23 7 v

2. R EE - IR EE

PREDOFIEHA - MPREE L, IREOXMEE, HEONE (&) HkoTERD, T 2T, xis
BUANZ Lo T, A CHEFIROFERIZ OV TR - HEREEN ED LD ICBH SN TWD DNtk d 5,

[l — OB T VE TIEL MR O S DIZ & FBEREN TR0 HBREENESRD T EDmnd,
FIREEDO TN HFID BHEBAREED LRV HFDIE O NKRE,

TN BB EIC L o THRRZREW A AL B AL, KERR > MZHAT 1 CiEFE CEROTE TH 2 7R
DENWE ZAMDIENERZTWD I LRG0 5D, —FH., HBASEETBHFECL LT, I ZTIREDOERT
RELHEIITHRZD,

TN EEIROR S E O BB DD mBBR S NG L RAER L VD Z 2D, | TIEB L ZE+12 %
., CCD (EM) T+ Efrrasnsg, bbAHA, EBEOBRFIZNLY LI NLEDIZR D,

3. PHIETIEE(ANT)

M ZE LT, K& H RN RE2 b OMEISFEANT) N A 65, ik, REBLEFHTIZEH A
ZHOEENZND LRI, ERFOEM SN L 2EKT S, FICX - GEFNIZL L, H#oE
FDIZHOWT [HEERIRE CMEN2BERNH 5, IMOTIE T8 LEE 2RV TANT EFEL TWDHAS,
VT L EHS72IRED B D DT Tl Zew,

POERIFED R 2 J7 2208 L C, CCD @l L I Bl #EE LD Z L1235, 4BDKIT, FEifZiE L7z K
& R (L-Ls, B)=(175~210, -15~+10) D¥ES S Az R LTc b D Th D, ST TREN/E b BT D3 OEE
T, B9 LEESFRT, 85 LARERFRECAONS, ZNHOREE CCD EEETIHMABECTHL R, 1
W5 e HIEICH O NE DI D, SHIZER T, 0A 9 LT, ST IHOENSNEFTRAELND HDD,
BRI X DR S EETH S, I LB T, BIEiE (Ny 7 7700 R) O ENETH6E
FIZmFTEMLTnWa, CCD EFE, I EEBRODHNZINZEIVEL TN DD 9 bbb,

4. WEREEORZH
(1)a-Capricornids

RZHITRGBLIAITIT TkER (D WIRE) 3% L anTE, £20%, BFEBIINTHONIERNE
PREND X2 RETHOHBERIIGEBNOT — 2 2T L TND, AR, +2 FR IV WREIC
E5b0THD, ZITHE, 2EICOREIZEHROIA—TIZES | OA—A T TREBROT —4% &
BEBNOT — 2 %2 i+ 5,

HiZX o TR SN TREHE] OFEDLEIT+S FRTH D, BUHIRITTEBN LY HEVEICH -
D RS R OMED 5~10 EHIZ TN TN D, Ko THRHSWIEE 10RO [REFHE) Z[F— DR
CHIET D Z LITITEEAEINERIND,
(2)y-Ursae Minorids

R LT, EEBHITHRE SN RS IRGGER CBII S G20, F7o. IEEINZEHRAYR b O E F Y
RO, ZANDLOBRNER SND, bbb A, BEBIE ©F7 AR RIZ L TRESNFD DO
FEE s VB TdH D, Space weather watch &9 A MBS EE 5T 5,

The shower has attracted attention before. It was discovered by Peter Brown and coworkers at the University
of Western Ontario, who have recorded gamma Ursae Minorid echoes for the past five years using the Canadian Meteor
Orbit Radar (CMOR). But until now, the meteors were invisibly faint. According to Jenniskens, 2010 marks the first
bright outburst that could be seen with the unaided eye.
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0404 GUM  gamma Ursae Minorids Working shower

Activity S.Lon RA DE dRA/dSL dDE/dSL VG MDI ZHR DFP DT
[deg] J2000 [km/s] (max)

annual  299.000 231.80 66.80 - - 31. - -

Parent body:Unknown

References:Brown et al. 2009
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IAU O 2#EZ & EH(CCD), (1), SonotaCo(CCD). IMO(CCD)® tif
Code Shower Ueda Shigeno SonotaCo IMO
CAP a-Capricornids @] @) 0 @]
STA Southern Taurids O - O 0
SIA Southern 1-Aquariids - O - -
GEM Geminids 0 0 @] 0
SDA Southern 3-Aquariids O @] @) @]
LYR April Lyrids 0 - 0 0
PER Perseids @] O @] @]
ORI Orionids @] @] 0 0
DRA Oct. Draconids - - - -
QUA Quadrantis Muralids - 0] 0 0]
EVI n-Virginids - - - -
KCG k-Cygnids - - 0 @]
LEO Leonids 0 O 0 0
(XOR)  x-Orionids - - - -
URS Ursae Minorids (=Ursids) - O 0 @]
HYD o-Hydrids 0 O 0 0
NTA Northern Taurids 0 - 0 0
AND Andromedids - - @] 0
MON (Dec.) Monocerotids - O @] 0
COM Dec. Comae Berenicids - - 0 @]
AVB a-Virginids - - - -
LMI Leonis Minorids - - 0 0
EGE g-Geminids - - - 0
PEG u-Pegasids - - - -
NOA Northern Oct. (5-)Arietids - - - -
NDA Northern 5-Aquariids - - - -
KSE k-Serpentids - - -
SOA Southern Oct. (3-)Arietids - @) - -
(DLE)  d-Leonids - - - -
(PSC) Piscids - - - -
ETA n-Aquariids O @] O @]
DLM Dec. Leonis Minorids @] O - O
NIA Northern 1-Aquariids - - - -
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Ecliptic Sources: CCD Radiants
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Ecliptic Sources: Photographic Radiants
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Ecliptic sources: Radiants of II

.;00

*

2%

” o,

9

o °
*

200 195 190 185 180 L-Ls 175

205

210

2]
+
C
.8
©
]
o
o
i
—
[{e]
D
-
vl
©
©
]
o
©
p .
e
3]
I
)
(]
[&]
r
>
o
(72]
.2
]
.
o
L

-5

-15

<

0”
4
‘Q“ .0

.
*%

180 L-Ls 175

205 200 195 190 185

210




NIVEDORERER RESUNLA F

1. HBAAEDORR

(1) BB - RIEHERR, 24 RFRBUAITTRE, /N b e —/ L8, fih,
(2) TEBH . ZRBH TEHEOHE — (EREDOSS

(3) TV &M : ABERIIC LY,

(4) IRFIBLAI - ZHR B GREREHBLRIUTEIR)

2. RIVEDREREHZSHAL XS

(1) TEBIHAMH]
TH17TH~8H 24 H

(2) fARmA
KBG##% 140.0 FEfFT
A4EIL 8 H 13 H 9 By JST

(3) fk ZHR : 110 mit%

(4) MRRATIT DFFE

a. 1 B b &,

b. MERAIUT TIXATE SR

c. FITE-oTART2EHY

(5) AEOMBKEIRIZ, AN
M2\, (8 H 10 HAHTH)

(6) 1992 FFIZRERIK (AL 7 b -
2y hMVERR | JEH 130 42) 8
B, RHIRIC THBE D D
LTV DO MR S D))
DEHEBRIOFEEARA b 1
el

flie. ZHR &1
(1) FARBISAECRIE 1 AN
1 e & 72 0 \ZBLA3 2 BEbE
B,
(2) BHAERISIE LT
WIUE 6.5 %, EERL,
HR S AU KRTE,
(3) LI I TAF R 7o LN
(4) Zenithal Hourly Rate D&,

%125 B EMEE I - —
20104E 7 H 11 A

TR128 7H17H THz228 7H27H 8H1H

Wil %5
X b e — VB, SR BRI TCHLE, NREREOR I, L,
— BRFMHICEDHENR LT,
A ZEERE R FEEIAR (2002-2009)
ZHR
1000
100 + %
o ®
£
&
hd &
&®
Ll
10 + 73 0000 s
e £
PR FNR T
& o ¢
<><> & &
@ <&
1 4 : b : f . : f

8H6B &6H11H BR168 8H21H

ZHR AL EYZERERYBARGEADD g
150 2 2003
o @ < 2004
5 & 2008
%ﬂ o % 2006
* o @ 2007
100 o X ﬂ‘& :j 42008
Gox o AN 42008
w a o,
I e r
50 F e S8BT Cor g
(&)
Les % &
]
0
138 139 140 144
PG ERZ2000



3. RILE#EFLDEATE?

(D) FH1BTTH:8H 12/183 H, WAK, 72< SARTZWERDZ DK,

(2) 29T : 8 H 10/11 H~14/15 H, WKAITEEHZBHT 5 L. 20BN L 505D,

(3) FHE3BTT®:8H 4/5 H~18/19 H, ZHRIOLL LT, AN TKBE~ xR X,

(4) BLEEZT - FEAIT 28 BELIEE, 3 HF 30 /0 £ C (RS AEEEDS 30 FEFEEELL b JHPHBIAAE 14 £ )
7e7E L, 220D (BES A& EE 20 BE) & 7],

KIS R EEA®mWG D, FEREEITIZ V., BHAEEMRNGR, BREIRENZ Y,

~IEH ERSEE

L
-

| ey xR A |
S, a* : |

20 22 24 26 28
JET (308FH)

X AL, O B A E IR

4. REBBRATE
1) Z7Z»Fy—Fbor ¥y~—_y N IZEERYD, KEZILSRAD LT D,
(2) BLBRARETIZIRD 2 & A g

a. B, b, BHAALE, o ERMEEOFHHR MEOCHFREEH)., 4 KEEER=YT
(3) BT T OBMTANE, &E 60~70 £, EEE AN A DM BEHENRTE 2 & 9120, EEROBIZE
TRFICBI 25003, BT mEed LAEZ T, 7220, EAFHEBIRSEAR, 70— 758N
BIFoHLR,
@) NEDRZWEE, R E 5< D, 1 Nor DRWGAITIE, #F or SV EE TRl (BUIFEIZT
T LRI HZENPBIRZBES 720,
(5) BRRIBIINE, TR HMERORTIZ SRR DL ENb 5, e 2 R E T (IKE%E),

5. IRMRBAZITLHEESICRETSHL

(1) BUA - 2B\EAAEH, #il:8H 12 HD 13 BIZNT TOERDES 18 A 12/13 H 1,

(2) BlE4

(3) BIHIBHAREEA], #&THEZ (PWTHEL]) : 24 FFf| 26 H 92 o3 %@, BUFFR N R WIGA I, 1R
R (80 /oLl k) DR/ TRodk « 532, BIHIBHAREZIX, 0055 x 9 B2 72b b LB
20N,

(4) EHE - BME - BRI E, B @ T8 (b Lz b B Z2RD 5,



6. BAldh, REAHBRL-EEICEREITHE

(1) HIREFZI - FEBLI CIE OB TH, 5 B TH R L,

(2) ZE (F#) : FOOMEEOEK & ik LTEHJEO 1 HLCREgk T AU L,

(3) BEHITE : WMEMA ., FTIXBLERE,

@ EOFE ENFE-T2H DEH Y |, JEIZHFET Train, L7708 2 LB X2,

(5) #E : vR, R, rR, M, rS, S, vS O 7 BPECRiekd 5 Z &£ A%\, R: RapidGE V), M: Medium (HF2 ),
S: SlowGEVY) & vivery(& TH), ri rather(C0) 2 #lAA L= O, 5 B2 X THR, M9 hoHk
THMEITRVRS, ZhERT L EIICT L EERENEZ D,

(6) ZDfth : KFHEZR L, R e Cidkd 52 H Y,

7. RCEIHEB O R

(1) B A / 8
(1-1) D 3 2D 24Ttz L CWOIIE BERE,
a) HEH ST HIRsE E
b) BEEE O T . BN D & RREL, c /7 —7
(B 2 W RIS E VBRI H D) < *
o) HMUER EDMER (~ULE BT )
(1-2) HEE ST Th) T, =y 7] GZ/ H
(1-3) EEREOHIAETIE, BEEEX O TR,

X AT k7 HIBNEHAOMEE TS L, A~J
DIRED S B, ENDPEERE ?

(2 £&

(2-1) BEITER10, PV EWEREG D, CER4URTEHT -2 LTENELD)
(2-1) BHHEFOFOERE BES 5, (RROEETIE/R)

(2-2) EDSOEED G ETe, 72720, 72D XL EEEH DL IR E BT S

(2-3) WEFEEOEDOEBEII D72 FLFHEDORBIIRE WV,

(3) EME

(3-1) 0.1 HHAZTHIE L, W&, (0.01 ZHHAL S A

(8-2) =V T, 2ol EOT Y T HM S DONRBTTH,

(3-3) 5 LIRTR S,

(3-4) —IERZTWZE )RR ET,

8. BAImEH

. * BfHE 2 AN : 127/28) &%
1 t .gT.
(1) FEREFEHEBEST (report@nms.gr.jp) (97 Bieb 28 H is o € O]

(BIH% 72 5~ BLSHE (2~3 HEIPHESE)) *JST : HAHER], Bz 24 HEREHI
* TIME : 8K (4))

DATE JST TIME aM Spo. ORI NTA STA Lm CL Dir waM : AR (all Meteor)
% Spo : HRTEHL LK

Oct. /2005 % ORI » NTA - STA : & 284

27/28 02:30-03:25 55 9 4 3 1 1 55 0 Per ~VVEREE PER,

03:25-04:15 50 9 4 3 1 1 5.4 0 Aur | FLmi R
*CL: E&

BN - SRR (B L) B 140d6m, AbiE 36d14m *Dir : @I, KERS “Z7,
/ B4 S OK,
BLRGYE © G
. ] - fBUAHE TERE IR TSR &
RS O BRE LTR) A - Oy E T,




8. BUHIARSE B (i)

(2) BARWMEMIES ARBIERME (visual@nms.gr.jp)
2005 4 10 A RGBS

B L B OBRE LFR)
B A SRR I (BRI SRR 140d06m, JEiE 36d14m
BUNITIE - B

HELR

BRE SR REE 7w iR &% =& ORI NTA STA  Loc

23/24 02:30-03:20 50 Per 18 5.4 0.5 9 0 0 A

23/24 03:20-04:10 50 Per 11 5.3 1.O 7 0 0 A
27/28 02:30-03:25 55 Per 9 55 0 3 1 1 A
27/28 03:25-04:15 50 Aur 9 54 0 3 1 1 A
31/01 22:25-23:40 75 Per 13 5.3 0.7 1 1 5 A
ARF 3K 280 60

ORI : AV A 8¢

NTA : k59 LAb#E

STA : 395 Lkt

JEEE 53R

23/24 H

-4 -3 -2 -1 0 1 2 3 4 Ave
ORI 1 0 1 0 2 1 4 5 2 1.63
Spo 0 0 0 1 1 2 3 2 4 223
(LR, Ahoo B O EESAE 1)

9. #LLIE

NS O~_X—< : http://homepage2.nifty.com/s-uchivama/index.html

* 2O HBEHRET, FRIE LT,
1 AN EEEDT, BAOD
10 HE TIZHET 2,

*31/01 HIZ, 31 HORIZE®D
THET D,

BN GECE TEHRELN) &

MEodE (77 e~ MR |
0 FET, B & T2
B it AR & ek 5 Bl
k) T, INREREOBN
LNk — VBT, RRER
BHINBITTHTT,

MEDOEE : http://homepage2.nifty.com/s-uchivama/meteor/meteor-index.html

Mo & 13 TR DIRGBIN A2 U X o ) Tt 2R [ EER R BN DRI T i) F2083H 0 7,
X TARRENTEE] OHP S b 7 SR TWET, TWIEE] TRELTHR2M1Y 7,

7. BRI DR (MIC Lo THENRAR DL BNET R, WILOHEIEROBEY TF,)

(1) BERELHET 2_&1F IC,E,F, G, Il (72720, @ESMFEZ L Thiu,)

(2 AFEHREGTANLHATE TWDA, BEPET 20T, BLLIBRETIIRY, 2720, MEF A&

W) 2o HRENEW HBEIZE, BiE0LRabH 5,

3) TIFEEHSFMLLHENA DN, BEBRETED, BAEETIZETREVLOEIZRY, J < H0VOE SITIFE,
(4) C & Fix, mEHANL LTINS, LL, [TEFSILETERY) 2 & &, TRRBNTREEZZZEE
TEIZIEZ BV OT, ZORETHIIIHREL LT, 20L&, MEOHEIENEERRA L b b,



EB¥DVDTiEs
2012/711 REHEELIF—
BAREMRESE /MEELR
1. [FL®HIC
ARIOREOBHINL, HLETHES] & THY, fEmcE o LI EXITRV, EHFDVD EW I
B7~F 2Tl > THESKZDEBENTFONTOEETHLIDITL 720 NWI ETHD, VANARIEN
FHInTEHERLNLN, SRNTMEDFRIEAIZEH L,

HE&~T %Wﬂm% D(M N)IZ &> CEEFERICHS T LT, a2 Ti~5 & L LA
kAWﬁ?Rﬁ®¢ ES AR BIROBEN TRV 2 FE2O b ODRFHET D
L L&t ~L v AR

o iMSSJBX o
o 144, MSSJB6 MSSIOX

Hb =-1.7289m + 119.0 o MSSJZD
oo o ©

qzd’ “”u

DED
o 10 - 4

x x He = 1.6700m + 93.5

He = 1.3425m + 94.6 M
86

Py
-8 -6 -4 -2 0 2 4 6-3 -2 -1 0 1 2 3 4 5 6

L L#F
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pc 0.73 0.34 0.88 1.82 2.37 3.18 1.38 0.27 0.009
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<&EL2 : meteorobs ~DEFE >
I have a question that I've been meaning to throw out to members of this mailing list. First, to give a little background,
I've gotten more and more interested lately in making scientifically valuable visual observations of meteor showers; both
major and minor showers. I've been reading about the methods used by the IMO for meteor counts and plotting.
However, while reading through the material available online, | was a little disappointed to find out that visual observing
is discouraged if the limiting magnitude of the sky is 5.0 or less. Years of amateur astronomy have taught me that my
most transparent skies from my back yard let me see stars as low as 4.5 - 4.8 magnitude with the naked eye. | can very
rarely see stars to 5.0 and my very best, darkest nights have let me see stars to 5.2 magnitude. However, nights like this
are very rare! I've thought about trying to find a better observing site further from the city Ilghts but thIS doesnt help |f
the night has moonlight. I guess my question is this ... Can =% . & ; o -
any useful visual observing be done on nights when the - g« % -
limiting visual magnitude is 4.0 - 4.5 or so? Useful Eg. 7"
enough to report to the IMO or other groups like NAMN?
All replies are welcome.

BFETFTED1—KBEFITETLENERE
http://www.skyandtelescope.com/news/Small-Asteroid-20
14-AA-Hits-Earth-238481431.html
http://www.jpl.nasa.gov/news/news.php?release=2014-00
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Peter Brown (University of Western Ontario)l3#% 3<%k
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N DB B SR
£=0.2131727647118031 0.01986
a=1.164280680125978 0.020408 AU
0=0.9160877486429849 0.0071291 AU
i=1.425587172221871 0.13633 deg
0=101.5794181914294 0.089376 deg
®»=52.28208076820211 0.87289 deg
P=458.8650318650168d

f i ) LilLj
http://ssd.jpl.nasa.gov/shdb.cqi Jan 2, 2014 ,f«f//_\.\
. Mars

,.m
Apollo Aten Amor
Semimajor Axis = 1.0 AU Semimajor Axis < 1.0 AU 1.02 AU < Perihelion = 1.3 AU
Perihelion = 1.02 AU Aphelion £ 1.0167 AU {
Earth Crossing Earth Crossing ;
_ . 20141un
\ ) '. Em’ﬂk

Type | Mear-Earth Population

Apollo | 62% of known asteroids
Inner Earth Objects (IEOs) =
‘Aphelion < 0.983 AU Aten | 6% of known asteroids
Always inside Earth's orbit Amor | 32% of known asteroids

{ekaipchele) IEC 6 known asteroids

Figure 1. Near Earth Asteroid Orbit Types



HERT O/ IR D L 9 I FE I TV 5, http://ssd.jpl.nasa.gov/sbdb.cgi ZFH-4 X, SFEENFH
DT —X I AT TE %, 1 A 30 HIRFALT Atens (X 814 {5, Apollos 1% 5731 & 5, Wi ERE & OB % B
HDIZIFEERT —HX—AThHb, LL, TN L THLRRIREMIZIZ IFET D,

Group Description Definition
NECs |Near-Earth Comets g<1.3 AU, P<200 years
NEAs | Near-Earth Asteroids g<1.3 AU

Atiras | NEAs whose orbits are contained entirely with the orbit of the Earth (named after |a<1.0 AU, Q<0.983 AU
asteroid 163693 Atira).

Atens | Earth-crossing NEAs with semi-major axes smaller than Earth's (named after a<1.0 AU, Q>0.983 AU
asteroid 2062 Aten).

Apollos | Earth-crossing NEAs with semi-major axes larger than Earth's (named after a>1.0 AU, g<1.017 AU
asteroid 1862 Apollo).

Amors | Earth-approaching NEAs with orbits exterior to Earth's but interior to Mars' a>1.0 AU, 1.017<q<1.3
(named after asteroid 1221 Amor). AU

PHAs | Potentially Hazardous Asteriods: NEAs whose Minimum Orbit Intersection MOID<=0.05 AU,

Distance (MOID) with the Earth is 0.05 AU or less and whose absolute magnitude |H<=22.0
(H) is 22.0 or brighter.

BEEFTZED2—-4TLRIIEE?
http://www.jpl.nasa.gov/news/news.php?release=2014-020&1&utm_source=iContact&utm_medium=email&utm_camp
aign=NASAJPL &utm_content=releases20140122

http://www.lpi.usra.edu/decadal/sbag/topical wp/AndrewSRivkin-ceres.pdf
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2013Sep3 filt TDEHN,
541SSD. 542DES. 543TTB. 544JNH. 545KCA. 546FTC. 547KAP
2013Decl3 ik TN
548FAQ 7> 5 751SMV £ T? 204 BN —SUBIME 7=,
ATHETFTABINC LSO THY . 95 129 B2 Jenniskensetal.iIC L 2D TH S, D IH L, FEHEMN
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IAU Code shower name AS o ) A-AS B Vg
e q i ® Q N Reference

624 OAR xi Arietids 295 131.2 134 1950 -45 28.6

0.830 0.311 5.8 1209 244 296  Jenniskens et al.
628 STS s Taurids 223 53.8 144 1920 -47 28.2

0.832 0.358 55 1141 421 204  Jenniskens et al.
629 ATS A2 Taurids 233 60.7 233 1903 25 275

0.823 0.384 2.7 290.7 2334 208  Jenniskens et al.
635 ATU Al Taurids 231 59.7 23.0 1913 24 28.0

0.829 0365 2.7 293.0 230.3 216  Jenniskens et al.
640 AOA August omicron Aquariids 137 3485 -144 2068 -8.7 382

0950 0112 249 146.1 317.0 316 Jenniskens etal.
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Vv @) R H - Total
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1-CAP(a Capricornids, 2-STA(Southern Taurids), 4-GEM(Geminids)., 5-SDA(Southern dAquariids), 6-LYR(April
Lyrids). 7-PER(Perseids), 8-ORI(Orionids), 9-DRA(October Draconids). 10-QUA(Quadrantids), 13-LEO(Leonids),
17-NTA(Northern Taurids), 31-ETA(n Aquariids, 105-OCN(Centaurid I Complex), 120-DPA(S Pavonids.
126-SGE(March 6 Geminids), 130-DM(8 Mensids, 131-DAL(S Aquilids), 146-CAU(B Coronae Australids.
149-NOP(Northern May Ophiuchids), 150-SOP(Southern May Ophiuchids), 159-TAQ(t Aquariids, 160-OSC(w
Scorpiid Complex. 161-SSC(Southern o Scorpiids, 163-SAG(Scorpiid-Sagittariid Complex, 175-JPE(July
Pegasids), 182-OCY(o Cygnids, 183-PAU(Piscis Austrinids, 196-NPH(v Phoenicids, 201-GDO(y Doradids.
208-SPE(September ¢ Perseids, 209-EER(e Eridanids), 213-BRC(B Gruids, 247-TAU(Taurid Complex).
255-PUV (Puppid-Velids | Complex), 259-CAR(Carinid Complex), 290-ALL (o Leonid Complex)
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C AM S (Cameras for Allsky Meteor Surveillance) #8115 75 Jenniskens {2 & > TICARUSEEICF R SN D &
T AT 225, Paul Roggemans 7 Bk H BITS LD 2SN D Z E BT OV A MRS TWD
EHURENT-OTHHENT 5, HMIFRER A 28 HE )T (pdf BX)EZ AFTE 50 THERDH 5 )7 13HHS
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http://cams.seti.org/.

2016, January 3 - Happy New Year! The new CAMS-related articles in the journal Icarus (1 March 2016 issue, Vol.
266, pages 331-354, 355-370, 371-383, and 384-409, respectively) are now available online (free download until
February 28):

I. The Established Meteor Showers as observed by CAMS

Il. CAMS Confirmation of Previously Reported Meteor Showers

I11. CAMS Verification of Single-Linked High-Threshold D-Criterion Detected Meteor Showers

IV. CAMS Newly detected showers and the sporadic background



http://cams.seti.org/
http://authors.elsevier.com/a/1SI264L-YESqM
http://authors.elsevier.com/a/1SI264L-YESh5
http://authors.elsevier.com/a/1SI264L-YESyW
http://authors.elsevier.com/a/1SI264L-YET4F
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2. EDMOND D#s5%
The European viDeo MeteOr Network Database (EDMOND)IZ 2001 - \2i&EN Z# BAtA L, BifEIZ I —m v /& H
TITONTWBETHEHITR v FOHER->TNDS, GENTVEZL—FIILLTOmY,
BOAM (Base des Observateurs Amateurs de Meteores, France)
BosNet (Bosnia)
CEMeNt (Central European Meteor Network, cross-border network of Czech and Slovak amateur observers)
meteornews.org
CMN (Croatian Meteor Network or HrvatskaMeteorskaMreza, Croatia)
FMA (Fachgruppe Meteorastronomie, Switzerland)
HMN (HungarianMeteor Network or Magyar Hullocsillagok Egyesulet, Hungary)
IMO VMN (IMO Video Meteor Network)
MeteorsUA (Ukraine)
IMTN (Italian amateur observers in Italian Meteor and TLE Network, Italy)
NEMETODE (Network for Meteor Triangulation and Orbit Determination, United Kingdom)
PFN (Polish Fireball Network or Pracownia Komet i Meteorow, PkiM, Poland)
Stjerneskud (Danish all-sky fireball cameras network, Denmark)
SVMN (Slovak Video Meteor Network, Slovakia)
UKMON (UK Meteor Observation Network, United Kingdom)
I D BEFETIE MetRec &\ 9 Y 7 R AMEEDAL TV 223 BIFE TIXUFO Orbit v2 41 W BT 5, 72383,
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https://www.meteornews.net/edmond/edmond/edmond-database/
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513 B 2 L DRt R
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

EDMOND 251 71 113 34 82 532 2279 5583 8275 19618
SonotaCo 19274 19436 25940 25858

2011 2012 2013 2014 2015 2016 2017 2018 Total
EDMOND 36413 34732 41295 43546 57439 67426 317689
SonotaCo 23772 27231 26514 22078 18723 22170 26149 27128 284273
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