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Pro
eedings of the IMC, La Palma, 2012 1Population of hyperboli
 meteoroidsMária Hajduková Jr.Astronomi
al Institute of the Slovak A
ademy of S
ien
es, Bratislava, SlovakiaMaria.Hajdukova�savba.skThe presen
e of hyperboli
 orbits among dete
ted meteors started an assiduous sear
h for interstel-lar meteoroids, as a hyperboli
 ex
ess above the es
ape velo
ity with respe
t to the Sun reveals apossible interstellar origin. Resear
h into interstellar meteoroids has produ
ed 
ontroversial resultsabout their 
ontribution to the Solar System meteoroid population, and in spite of great progress inthe development of observational te
hniques, this problem still remains. Our study, based on analy-ses of hyperboli
 meteor orbits from various 
atalogues of meteors obtained by di�erent te
hniques,shows, from the statisti
al point of view, that the number of possible interstellar meteoroids amongthe hyperboli
 orbits is extremely small. The biggest obsta
le in this study is the a

ura
y of velo
-ity measurements and determinations. The un
ertainties whi
h result from measuring errors makedis
riminating interstellar meteors among hyperboli
 orbits very di�
ult, and even impossible if, in
onne
tion with their orbital and geophysi
al parameters, individual 
ases are not 
he
ked. In most
ases, possible interstellar meteoroids 
an be found only within the error bars of the determined he-lio
entri
 velo
ity. As the value of the helio
entri
 velo
ity is very sensitive to the value of semimajoraxis, the errors 
an transfer the orbit over the paraboli
 limit. It was shown that the hyperboli
ity ofthe vast majority of meteor orbits in the 
atalogues investigated is the result of ina

urate velo
itydetermination. This 
on
lusion does not ne
essarily imply large measurement errors, sin
e, espe
iallynear the paraboli
 limit, even a small error in the value of the helio
entri
 velo
ity of a meteor 
an
reate an arti�
ial hyperboli
 orbit that does not really exist. The �very high� meteor velo
itiesprodu
e an apparent hyperboli
 population.1 Introdu
tionThe problem of the 
ontribution of interstellar parti-
les to the Solar System meteoroid population has al-ways been 
ontentious, and, in spite of great progressin the development of observational te
hniques, it re-mains so. To the extent that the Solar System is notan isolated system, its intera
tion with the interstellarmedium should lead to the presen
e of interstellar par-ti
les. The substantial problem, whether meteors ar-riving from outside the heliosphere are present amongthe registered hyperboli
 orbits and, if so, what theirfrequen
y is as a fun
tion of their masses and velo
i-ties, has led to many sear
hes using both Earth-basedor spa
e-born observations, with 
ontroversial results.In light of this, it is interesting to note that the gen-eral opinion during the �rst half of the last 
entury wasthat the majority of meteors are of interstellar origin(Ho�meister, 1937). In the �rst 
atalogue of bolidesby Ho�meister from 1925, 79% of meteor orbits werefound to be hyperboli
. The results of Öpik's Arizonameteor expedition of 1931�33 reinfor
ed this opinion(Öpik, 1934). Later, by means of Super-S
hmidt 
am-eras, whi
h allowed a mu
h more pre
ise determinationof bolide velo
ities, the results from the Harvard pho-tographi
 program published by Ja

hia and Whipple(1961) gave so few hyperboli
 velo
ities that they raisedthe question of whether interstellar meteors existed atall. This history may be in some way instru
tive forthe latest 
on
lusions about the dete
tion of interstel-lar parti
les, without giving reliable results on the ve-

lo
ity determination of those parti
les (for more detail,see Hajduk, 2001), be
ause a

urate velo
ity measure-ments lead to solutions to this problem.Here, we present an overview of previous studies re-lated to interstellar parti
les as well as of our own re-ported results, obtained from several 
atalogues of me-teors observed by di�erent te
hniques, whi
h allow usto rea
h some solid 
on
lusions. This paper demon-strates that the number of possible interstellar mete-oroids among hyperboli
 orbits in the registered datais extremely small, and that the number of hyperboli
orbits thus quali�ed due to erroneous velo
ity determi-nation is large.2 Previous studiesThe �rst dete
tions of interstellar parti
les were reportedin results obtained from spa
e-born observations about20 years ago. Grün (1993) 
on
luded that the dust de-te
tors on board the Ulysses spa
e probe had identi�edinterstellar dust parti
les passing through the outer So-lar System on hyperboli
 traje
tories, and that they
ould be easily distinguished from interplanetary dustby their retrograde traje
tories (Grün, 1994). Aroundthe same time, Baggaley et al. (1993), on the basis ofobservations from the Advan
ed Meteor Orbit Radar(AMOR), dealt with the in�ux of meteoroids with hy-perboli
 helio
entri
 orbits and with extremely high ve-lo
ities. Later they reported the radar dete
tion ofinterstellar meteoroids (in the mass range of 10−10�
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10−7 kg) in the Earth's atmosphere (Baggaley, 1999),whi
h originated from a few dis
rete sour
es in the vi
in-ity of the Sun (Taylor et al., 1996).The sear
h for interstellar parti
les has 
ontinued overthe last two de
ades, using di�erent observation te
h-niques, and has attempted to map the gala
ti
 sour
esof interstellar dust (Baggaley et al., 2007). The 
on-tribution of interstellar parti
les to the interplanetarymeteoroid population was found to be mu
h higher forsmall parti
les (from the mass range between 10−19 and
10−11 kg) obtained from 
osmi
 dust dete
tors (Krügeret al., 2007), in 
omparison with the range of largermeteoroid parti
les (m > 10−9 kg) obtained from radar(Weryk and Brown, 2005), photographi
 (Hajduková,1994; 2008) and video (Hawkes and Woodworth, 1997;Hawkes et al., 1999; Hajduková, 2011; Mus
i et al.,2012) observations. This 
ontradi
tion 
an be explainedby the di�erent mass distribution of interstellar andinterplanetary parti
les along the broad s
ale of massex
eeding 20 orders of magnitude (Hajduková and Ha-jduk, 2006). Interstellar dust �ux 
ould also 
hangea

ording to the 
ondition of interplanetary magneti
�elds. While the �ux of larger interstellar meteoroidparti
les (m > 10−7 kg) was found to be 
lose to zero(Hajduková, 1994; 2011; Mus
i et al., 2012), the resultsfrom the Ulysses and Galileo spa
e probes show a pre-dominan
e of interstellar parti
les (in the mass range
10−17�10−15 kg) in the outer Solar System (Grün etal., 1997). The latter argue for their interstellar originusing three 
riteria: their retrograde traje
tories, highimpa
t speed, and independen
e from the e
lipti
 lati-tude (Krüger et al., 1999; Grün et al., 2000). The massdistribution of the measured interstellar parti
les showsa dropo� at small masses (m < 10−17 kg), explained byBaguhl et al. (1995) as indi
ating that smaller inter-stellar dust parti
les are kept out of the heliosphere bydefo
using Lorentz for
es.It has to be noted that the authors of the above-men-tioned studies designated parti
les as �interstellar� main-ly on the grounds that they 
orrespond either to hyper-boli
 orbits or to hyperboli
 velo
ities. Naturally, thehyperboli
 orbits (with e

entri
ity e > 1 and semima-jor axis a < 0) or hyperboli
 velo
ities do not ne
es-sarily entail interstellar parti
les; they rather representthe highest upper limit for them. Thus, the real �ux ofinterstellar parti
les along the mass s
ale still remainsun
lear. An overview of the eventual �uxes of interstel-lar parti
les along the broad s
ale of mass ex
eeding 20orders of magnitude was reported in our earlier studies(Hajduková and Paule
h, 2002; Hajduková and Hajduk,2006).3 Data of meteor orbits usedWe made a detailed examination of hyperboli
 orbitsfrom the various 
atalogues of meteors whi
h were ob-served using di�erent te
hniques, and reported the re-sults in several studies. For the analysis, 2910 meteor

orbits from the photographi
 
atalogue of the IAU Me-teor Data Center (Lindblad, 1987), as well as the up-dated version of this 
atalogue, whi
h 
ontains 4581 or-bits (Lindblad et al., 2005), were used. We also an-alyzed 62 906 radar meteors of the IAU Meteor DataCenter (Lindblad, 2003), with a spe
ial emphasis onthe 39 145 orbits of the Harvard Meteor Proje
t. More-over, 64 650 video observed meteors from the SonotaCo
atalogue (SonotaCo, 2009) and, separately, a qualitysele
tion of them (Vere² and Tóth, 2010) were used inour sear
h for interstellar meteors.4 The velo
ity determinationThe ina

ura
y in the helio
entri
 velo
ity is a signi�-
ant sour
e of un
ertainty in semimajor axes determina-tion, and it 
an easily push the orbit over the paraboli
limit and 
reate a group of meteoroids apparently mov-ing in hyperboli
 orbits. There are di�erent reasonsfor an error in the helio
entri
 velo
ity, the value ofwhi
h is very sensitive to the value of semimajor axis
a, the orbital element most intimately 
onne
ted withthe origin of meteor parti
les. The pro
ess of velo
itydetermination pro
eeds in several steps, starting fromthe measured atmospheri
 velo
ity, and on through thenon-atmospheri
 velo
ity and the geo
entri
 velo
ity, inorder to determine the helio
entri
 velo
ity of the me-teoroid. Ea
h of these steps tends to in
rease the ina
-
ura
y of the initial data. Di�erent errors�su
h as thee�e
ts of the instruments used; measurement errors; ir-regularities in the atmospheri
 de
eleration; and errorsin timing and radiant determination, whi
h a�e
t thesubtra
tion of the motion of the Earth from the geo-
entri
 velo
ity�vary in importan
e, and 
annot read-ily be separated from one another. At the end, theerror in the helio
entri
 velo
ity vH 
an easily ex
eed1 km/s, whi
h 
orresponds to about 0.08�0.09 AU−1 in
1/a (Kresák, 1992). The resulting hyperboli
ity 
an-not be attributed to the interstellar origin of the par-ti
le without a proper error analysis. Su
h large errorstransfer orbits of meteoroids with high helio
entri
 ve-lo
ities over the paraboli
 limit. This is well observedin the population of 
ometary meteoroids with nearlyunbound orbits, and explains the massive number ofhyperboli
 orbits among the Perseids in our data in all
atalogues we investigated.The velo
ity distribution for all photographi
 meteorsfrom the IAU Meteor Data Center (MDC) in Figure 1shows a widely s
attered Gaussian distribution with he-lio
entri
 velo
ities rea
hing values of 75 km/s. The de-tailed examination (Hajduková, 2008) showed that theerrors in the determination of vH in some 
ases may beas large as 10 km/s. This explains the great number(11.5%) of orbits with e > 1 in the 
atalogue, the hy-perboli
ity of whi
h is a 
onsequen
e of measurementerrors.A total of 39 145 radar meteors from the Harvard 
at-alogue of the IAU MDC and 970 hyperboli
 meteors
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Figure 1 � Distribution of helio
entri
 velo
ities of all pho-tographi
 meteors from the IAU MDC shows a s
atteredGaussian distribution, whi
h, in the vi
inity of the paraboli
limit, results in the designation of a �hyperboli
 orbit�.
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Figure 2 � The velo
ity distribution (normalized to 100%) ofall meteors and hyperboli
 meteors from the Harvard sampleof the radar 
atalogue of the IAU MDC (Hajduková andPaule
h, 2007).
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Figure 3 � The velo
ity distribution of meteors with hy-perboli
 ex
esses from the SonotaCo database plotted sepa-rately for sporadi
 and shower meteors.

from the same sample show the same velo
ity distri-bution (in Figure 2, non-atmospheri
 velo
ities are vi-sualized in the same proportion), but with velo
itiesof about 10 km/s higher. The observed shift betweenboth sets of data is 
aused by a high spread in velo
itydetermination�suggesting large errors in the velo
itydetermination (Hajduková and Paule
h, 2007), shiftinga part of the data through the hyperboli
 limit.The spread in the velo
ity determination is mu
h smallerin the TV 
atalogue, with errors about 1 km/s. How-ever, all 484 hyperboli
 meteors from the database (Fig-ure 3) show similar distributions of helio
entri
 velo
-ities for sporadi
 and shower meteors with hyperboli
ex
esses. The equation da = 2vHa2dvH shows that, fora large value of the semimajor axis a, even a small er-ror in the velo
ity determination 
an 
hange an ellipti
orbit to a hyperboli
 one.The un
ertainties whi
h result from the measuring er-rors make it very di�
ult to dis
riminate interstellarmeteors among the hyperboli
 orbits, and even impos-sible if, in 
onne
tion with their orbital and geophysi
alparameters, individual 
ases are not analyzed in detail.It is impossible to dete
t a hyperboli
 ex
ess of a he-lio
entri
 velo
ity whi
h is of the same order as the er-ror in the velo
ity measurement. This has to be takeninto 
onsideration by those interested in the dete
tionof interstellar parti
les, and their results should 
ontainreliable information about the velo
ity determinationof those parti
les. The results 
on
erning the identi�-
ation of interstellar parti
les, without a proper erroranalysis, might need some revision. In most 
ases, pos-sible interstellar meteoroids 
an only be found withinthe error bars of the determined helio
entri
 velo
ity,and thus their �ux remains un
lear.Other sour
es whi
h 
an produ
e the hyperboli
ity ofthe meteor orbit, su
h as a planetary perturbation ofa meteoroid, the eje
tion velo
ity of a meteor parti
lefrom the parent body, or 
ollisions of small bodies, arenegligible by 
omparison. Two 
atalogues of our datawere sear
hed for hyperboli
 meteors unbound due to a
lose en
ounter with one of the major planets.Analyzing TV meteor orbits from the Japanese 
ata-logue (SonotaCo, 2009), we found only 22 meteoroidsfrom the 7489 hyperboli
 orbits had had a 
lose en-
ounter with a planet. However, the ba
kwards integra-tion pro
esses did not show any 
onsiderable 
hanges intheir orbits. None of the hyperboli
 orbits from the 
at-alogue was 
aused by a meteoroid en
ountering a planet(Hajduková et al., 2012).Also, in the photographi
 
atalogues, 
ontaining 4581orbits, no meteors were found whose hyperboli
ity was
aused by planetary perturbation (Jakubík, 2001). It
an be 
on
luded that, in general, the proportion ofhyperboli
 meteoroids in�uen
ed by the planetary per-turbation is, from the statisti
al point of view, minor.
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Figure 4 � The proportion of shower meteors within 9 inter-vals of values of re
ipro
al semimajor axis 1/a 
lose to theparaboli
 limit and beyond. The number of shower meteorsamong the orbits of highest hyperboli
 ex
esses ex
eeds theproportion 1:1 and is 
lear eviden
e of errors, in most 
asesfrom the velo
ity determination.
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Figure 5 � A dependen
e of the 
ontribution of hyperboli
meteors in meteor showers on the mean helio
entri
 velo
ityof a parti
ular shower (Ne>1/N = f(vH)) is evident (Ha-jduková, 2011). This shows that hyperboli
 orbits amongshower data are the 
onsequen
e of error distribution in thevelo
ity.5 On the frequen
y of interstellarmeteoroids5.1 AnalysisThe �rst 
lear eviden
e of errors (in most 
ases from thevelo
ity determination) is the 
on
entration of showermeteors among the hyperboli
 orbits. To follow thein�uen
e of su
h errors on the sample of orbits de-termined as hyperboli
, diagrams showing the positionof radiants of orbits for the sele
ted intervals of val-ues of 1/a 
lose to the hyperboli
 limit and beyondwere 
onstru
ted (Hajduková, 1994). We would ex-pe
t a gradual de
rease in the 
on
entration of showerradiants with de
reasing values of 1/a, but a
tually

the opposite was found. Their 
on
entration is higheramong the orbits with the highest hyperboli
 ex
esses,rea
hing the proportion 1:1 in the photographi
 
ata-logue. To demonstrate this fa
t and verify it, we plot-ted the numbers of the proportion of shower meteoramong the hyperboli
 orbits for sele
ted intervals of
1/a, as follows: 0.15 < 1/a < 0.2, 0.10 < 1/a < 0.15,
0.05 < 1/a < 0.10, 0.0 < 1/a < 0.05, −0.05 < 1/a <
0.0, −0.10 < 1/a < −0.05, −0.15 < 1/a < −0.10,
−0.20 < 1/a < −0.15, and −0.25 < 1/a < −0.20, usingthe quality sele
tion of the TV 
atalogue (Figure 4).The ratio of shower meteors to all meteors rea
hes orex
eeds 50% for all intervals of 1/a 
orresponding to hy-perboli
 orbits. There is also a 
lear tenden
y for thisratio to in
rease (outlined with the dotted arrow) withde
reasing values of 1/a.The analysis of meteor showers, parti
ularly those witha helio
entri
 velo
ity 
lose to the paraboli
 limit (Per-seids, Lyrids, Orionids, and Leonids), showed that theproportion of hyperboli
 orbits is di�erent in di�erentmeteor showers. A dependen
e of the 
ontribution ofhyperboli
 meteors in meteor showers on the mean he-lio
entri
 velo
ity of a parti
ular shower, Ne>1/N =
f(vH), was found. This was true for all three databases.Figure 5, 
onstru
ted using TV data, is taken fromthe author's 2011 paper (Hajduková, 2011). This de-penden
e is again a 
lear proof that hyperboli
 orbitsamong shower data result from the error distribution inthe velo
ity determination.These results and the assumption that shower meteororbits were determined with the same pre
ision as non-shower meteor orbits, led us to 
on
lude that there is ala
k of statisti
al arguments in favor of the presen
e ofreal hyperboli
 orbits among the orbits in the 
ataloguesinvestigated.Another aspe
t supporting this position is the abun-dan
e of retrograde orbits among hyperboli
 meteors.In the TV data set, 6594 out of 7489 hyperboli
 orbits(88%) are retrograde. Errors in the measured velo
ityin
rease towards higher velo
ities, whi
h belong mostlyto retrograde orbits. Thus, they in
rease the proportionof hyperboli
 orbits among parti
les moving on retro-grade orbits. Among the radar data, the proportion ofhyperboli
 orbits is approximately 2.5 times higher forretrograde orbits than for prograde orbits. This meansthat the number of real hyperboli
 orbits is also at least2.5 times less than in the data set of Hajduková andPaule
h (2007). Our 
on
lusions are further supportedby the fa
t that the meteor showers with the highestabundan
e of hyperboli
 orbits are pre
isely those hav-ing retrograde orbits, su
h as the Perseids, Orionids,and Leonids.Meteors with the largest values of hyperboli
 ex
esseswere sele
ted for 
loser analysis. Taking into a

ountthat the distribution of ex
ess velo
ities of interstellarparti
les should 
orrespond to the distribution of ra-dial velo
ities of 
lose stars, we obtain a helio
entri
velo
ity vH = 46.6 km/s of an interstellar meteor ar-
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atalogue, 59orbits 
orresponding to this velo
ity were found, but54 of them were in 
atalogues of lower quality. In themost pre
ise orbits from the 
atalogue of Ja

hia andWhipple (1961), the largest value of hyperboli
 ex
esswas 0.7 km/s. Similarly, in the TV data, none of themeteors rea
hed the velo
ity required from the velo
-ity distribution of neighboring stars; the hyperboli
 ex-
esses in all 
ases were about one order less. All spe
ial
ases with the highest hyperboli
 ex
esses, from all 
at-alogues, were analyzed individually, and an upper limitfor the 
ontribution of possible interstellar meteoroidsfor ea
h database was determined. However, the resultsdid not produ
e any 
onvin
ing arguments in favor oftheir interstellar origin. Moreover, the distribution ofthe orbital 
hara
teristi
s of interstellar meteoroids isexpe
ted to follow the motion of interstellar material;however, the hyperboli
 meteors from our databases didnot show any similar orbital 
hara
teristi
s. No 
on
en-tration of their radiants towards the Sun's apex was ob-served. An overview of the investigated orbits from all
atalogues investigated and the results of our analysesare shown in Table 1.Table 1 � Overview of hyperboli
 orbits Ne>1 from all 
ata-logues investigated (with the number of all orbits Nall) andresults of our analyses: the number of possible interstel-lar meteoroids Nism, proportions of interstellar meteoroids
Nism/Nall among all meteors in the database, derived �uxof them Φism, and their proportion among the hyperboli
orbits Nism/Ne>1.Te
hnique Photographi
 Radar VideoMass (kg) > 10−4 > 7× 10−8 > 10−5Sour
e IAU MDC IAU MDC TV 
at.Lindblad L. et al. Lindblad SonotaCo1987 2005 2003 2009Quality Qualitysele
tion sele
tion
Nall 2910 4581 39 145 14 763
Ne>1 347 527 970 484
NvH >46.6 59 258 0
Nism 15 28 54 <19
Nism/Nall 0.002 0.006 0.0014 0.0013
Φism 8× 10−18 7× 10−19 6× 10−14 < 10−16(m−2s−1)
Nism/Ne>1 0.017 0.053 0.052 0.0395.2 Proportion and �ux of interstellarmeteoroidsThe analysis of hyperboli
 meteor orbits among thephotographi
 meteors of the IAU Meteor Data Cen-ter showed that the vast majority of hyperboli
 orbitswere 
aused by the dispersion of determined velo
ities(Hajduková, 1994; 2008). Analyzing meteors from themost pre
ise Harvard 
atalogues of photographi
 mete-ors and 
omparing them with the other data sets the fre-quen
y limit for hyperboli
 meteors with ex
esses 
or-responding to possible interstellar meteors to 2× 10−3.From the updated version of the 
atalogue, whi
h 
on-tains almost double the number of meteor orbits, we

determined the proportion of interstellar meteoroids as
6.1 × 10−3. The analysis of the radar meteors of theIAU MDC also showed that only a fra
tion of all me-teors from the database, 1.4 × 10−3, 
ould be as
ribedas having a possible interstellar origin (Hajduková andPaule
h, 2007).For �uxes of interstellar meteoroids Φism, we obtainedvalues of 6×10−14 m−2s−1 for radar data (with masses
m > 7 × 10−8 kg) and 7 × 10−19 m−2s−1 for photo-graphi
 meteors (with masses m > 10−3 kg). The val-ues of the �uxes are related to the �ux Φall given bythe Divine model (Divine, 1993) as a proportion of thehyperboli
 parti
les to all observed parti
les in a par-ti
ular observation, whi
h is explained in more detailby Hajduková and Hajduk (2006). The same methodwas used to determine the �ux of interstellar meteoroidsobtained from the Japanese TV 
atalogue. The pro-portion of hyperboli
 orbits in these data, 
ontaining
64 650 meteors, de
reased signi�
antly after sele
tingonly quality orbits, from 11.58% of the total number to3.28% of the quality sele
tion. After an error analysis,the upper limit of the proportion of possible interstellarmeteors to interplanetary ones among all the investi-gated meteor orbits was determined to be 1.3 × 10−3(Hajduková, 2011). This proportion of 14 763 meteorsfrom the data set investigated allowed us to determinethe value of 10−16 m−2s−1 for the �ux of interstellarmeteoroids with a limiting mass of 10−5 kg.6 Summary and 
on
lusionsA

urate velo
ity measurements are the basis of thesear
h for interstellar parti
les. The un
ertainties whi
hresult from the measuring errors make the dis
rimina-tion of interstellar meteors among the hyperboli
 orbitsvery di�
ult. In most 
ases, possible interstellar mete-oroids 
an only be found within the error bars of thedetermined helio
entri
 velo
ity. The resulting hyper-boli
ity of the determined meteor orbit is more likelydue to measurement errors than to the interstellar ori-gin of the parti
le or other pro
esses whi
h operate inthe Solar System.We brie�y summarize the various fa
tors 
ontributingto an unreal hyperboli
 population and speaking againstthe o

urren
e of interstellar meteoroids among regis-tered meteoroid orbits:� a high 
on
entration of shower meteors among thehyperboli
 orbits;� an in
rease in the proportion of showermeteorswith de
reasing values of 1/a 
lose to the paraboli
limit and beyond, rea
hing or ex
eeding 1:1;� a dependen
e of the 
ontribution of hyperboli
meteors in meteor showers on the mean helio
en-tri
 velo
ity of a parti
ular shower;� a high proportion of hyperboli
 orbits among par-ti
les moving on retrograde orbits;
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eedings of the IMC, La Palma, 2012� a dependen
e of the proportion of hyperboli
 or-bits in the data on the quality of observations anda

ura
y of measurements;� the less pre
ise the 
atalogue, the higher the hy-perboli
 ex
esses;� the hyperboli
 meteors did not show any similarorbital 
hara
teristi
s whi
h follow the motion ofinterstellar material; and� a 
on
entration of their radiants towards the Sun'sapex was not observed.In summary, we may 
on
lude that, sin
e many appar-ent hyperboli
 orbits are present in the databases inves-tigated, this detailed analysis questions the o

urren
eof interstellar meteoroids in the vi
inity of the Earth,at least in the range of large meteoroid parti
les 
orre-sponding to the dete
tion te
hniques used. The analysisof three 
atalogues of meteors showed that the hyper-boli
ity of the vast majority of meteor orbits in the 
at-alogues investigated is the result of ina

urate velo
itydetermination: 96% to 98% of meteoroids with orbitsdetermined as hyperboli
 de�nitely belong to the SolarSystem meteoroid population. About half of them areshower meteors and the other half should be assignedto the interplanetary sporadi
 ba
kground.A
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