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The radius for gravitational capture of meteoroids by the Earth is 

, = ^ U - - J , (i) 

where R is the Earth's radius, h is the height where marked deceleration 
of meteor bodies begins, a 0 is the average distance of the Earth from 
the Sun, v and v 2 are preatmospheric and geocentric (undisturbed) ve-

oo o 
locities of the body. 

The condition of approach of a meteoroid orbit within the capture 
distance is 

a(l-e) < a 0 + T , a(l+e) > a0 - T . (2) 

Secular perturbations result in slow rotation of the line of apsides. 
For condition (2) the orbit's approach depends only on the argument of 
perihelion OJ, the complete variation cycle of which is about 10-10 
years. As this value is much less than the orbital lifetime of meteor 
bodies, the values co may be considered random. In this case the a 
priori probability of the orbit's approach can be derived from the 
equation (Spik 1951) 

4A(JO 
2TT Pi = ~ (3) 

where Aco is one of the intervals of critical values of the argument of 
perihelion favourable for the transit of the meteor body at the distance 
R+h from the Earth's centre. 

Formula (3) allows for the approach of the meteor body to the 
Earth's orbit at two nodes with the two symmetrical radius vectors of 
the meteor orbit. 
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For 

a(l-e) < 0.98 , a(l+e) > 1.02, i > 2C 

the critical interval 

AGO = 2T (tan a + cosec2i)2 

and consequently the probability of approach is 

4T ? 9 \ i Pi = — (tan a + coseczi) 

(4) 

(5) 

Here a is the angle between the heliocentric Earth radius vector and 
that of the geocentric velocity of the meteor body 

tana = a(l-e2){e2-[a(l-e2)-l]2 }2 . (6) 

During the time of orbital approach the average conventional pene
tration probability of an individual particle into the capture field 
depends upon elements of its orbit and can be given by equation 

P2 
4a 3/2 

3 ---2/a(l-e
2) cosi 

a 
2 -—-a(l-e2)cos2i 

(7) 

The total probability of Earth collision with a cosmic body calcu
lated per time unit (year) is 

P = PiP 1̂ 2 =—Jl2 
i\a sini 

3 -^-2/a(l-e2) cosi 

2---a(l-e 2) 
a 

(8) 

The average number of particles captured by the Earth per year is 
given by 

dN(i,e,a;t) 
dt = -N(i,e,a;t=0)-P(i,e,a)-exP[-P(i,e,a)t] , (9) 

where N(i,e,a;t=0) is the initial distribution of a number of particles 
according to the orbits* elements. Due to reciprocal independence of 
elements 

N(i,e,a;t=0) = NQp(i)p(e)p(a) . 

Here NQ is the total initial number of meteor particles moving around 
the Sun in all possible orbits, p (i), p (e), p (a) being particular prob
ability densities. 
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Random orbit element values i,e,a (or q) are limited in the termi
nal intervals. In this case their probability densities are fairly well 
represented by a $-distribution. 

p(*,Y,n) = r(y+n) 
r(y)r(n) 

K 0 in other cases 

x (1-x) when 0<x<l, y>0, n>0, (10) 

In Table 1 parameters of two models of a meteor complex (cometary 
and asteroidal) are given. 

Table 1 

Cometary 

Element 

0<il7T 

0<q<5 

0<e<l 

X 

i/TT 

q/5 
e 

orbits 

Y 
1.01 

1 

10 

n 
l.l 

l 

1.01 

Asteroidal orbits 

Element 

1.5<a<3 

0<e<l 

X 

2i/TT 

a-1.5 
1.5 
e 

Y 
1.01 

1 

1 

n 
10 

1 

10 

Parameters y and n of a cometary model are chosen so that the dis
tribution of inclination i should be approximately uniform in the range 
from 0° to 180° and orbits concentrated with eccentricities close to 
unity. The distribution of perihelion distances q is assumed to be 
uniform within 0 to 5 AU. 

The choice of parameters y and n of an asteroid model provides 
uniform distribution of values of major semiaxis a in the range of 1.5 
to 3 AU and has orbits concentrated toward small eccentricities and in
clinations. This model provides the possibility of the penetration of 
bodies of asteroidal origin into the Earth's orbit. 

The integrated influx of cometary and asteroidal bodies is calcu
lated by equations respectively 

<dN\ * l l/(l-e) 
^r) = N f di / de / p (i)p (e)p (q)P exp(-P t)dq , 
^dt/c C 0 0 (i-e)/(l+e) c c c c 
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(f) = 
TT/2 i l/(l-e) 
/ di / de f 
0 0 l/(l+e) 

p (i)p (e)p (a)P exp(-P t)da 
a a a a a 

(12) 

where N and N are general initial (at the moment t=0) quantities of 
cometary and asteroidal bodies, index "CM is referred to cometary, "a" 
to asteroidal orbits. 

Let us limit the fields of orbital element variations i,e,a (or q) 
for the meteor bodies to be within Jupiter!s orbit to neglect the cap
turing and dissipating effect of this planet. Then the orbital distri
bution of elements will depend mostly upon the Earth's effect. 

With t=0 the portion of orbits captured by the Earth yearly is 

(f) ■ 1 
N "= / di / de 

0 ° (l-e)/(l+e) 

for the cometary model and 

p (i)p (e)p (q)P dq c c c c 

\dt/ TT r/2 i l/(l-e) 
/ 

l/(l+e) 

(13) 

— ^ = / di / de / p (i)p (e)p (a)P da 
N o 0 , //, . -N o. a a a 

(14) 

for the asteroidal model. 

Let us assume, for instance, that Nc=Na, i.e. that the total number 
of cometary and asteroidal bodies present within Jupiter's orbit at the 
present time is the same. In this case numerical integration of equa
tions (13) and (14) implies that the number of bodies of cometary origin 
penetrating into the atmosphere yearly is nearly ten times more than that 
originating in the asteroidal belt. 

As the meteor body moves in the Earth's atmosphere, its initial 
mass Moo decreases as a result of ablation. The terminal mass is approx
imately 

M ~ M exp term °° 
av^ 

where a is the ablation coefficient. 

Practically it implies that meteor bodies approaching the Earth 
with velocities Vg>20 km s_1 (V00>22- km s-1) are entirely destroyed in 
the atmosphere. Orbital elements of such bodies must satisfy 
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- + 2<2(l-e2) cosi > 2.56 . (15) 

Calculations show that nearly 80% of bodies in cometary model or
bits obey inequality (15). Consequently, fireballs of cometary origin 
do not drop meteorites. Further, one should consider the exceptionally 
fragile structure of cometary bodies and t,heir crumbling into compara
tively small fragments. Consequently, even those bodies which enter 
the atmosphere with velocities Voo<22 km s-1 may not reach the Earth1s 
surface either because of small initial mass or because of their further 
fragmentation in the EarthTs atmosphere. 

Such fragmentation is rather often observed, particularly in the 
terminal part of the trajectory, in photographs of bright meteors and 
fireballs obtained with the instantaneous exposure method (Kramer 1965, 
Babadzhanov and Kramer 1967, Kramer 1968a, 1968b, Babadzhanov and Kramer 
1968, Kramer et al. 1978). All this obviously accounts for the fact 
that meteor bodies of cometary origin never reach the EarthTs surface. 

Nearly all the meteor bodies moving in asteroidal-model orbits 
penetrate the Earth's atmosphere with velocities Voo<22 km s . With a 
rather large preatmospheric mass they can fall out on the Earth as me
teorites. However, in the general flux of meteor bodies of asteroidal 
origin those of rather small mass are predominant. On this account and 
the preponderance of friable meteoroids, presumably there fall as few 
as three meteorites per several thousands of bright and superbright 
meteors photographed by fireball networks (McCrosky and Posen 1968, 
McCrosky and Ceplecha 1968, Ceplecha et al. 1973, McCrosky et al. 1976, 
Ceplecha 1977) -Pribram, Lost City and Innisfree (Ceplecha 1961, McCrosky 
et al. 1971, Halliday et al. 1978). 

The average orbital lifetime (characteristic time of capturing by 
the Earth) for fireballs of asteroidal models (with q * 0.95 AU) is 
approximately 3><108 years. Cometary bodies are nearly of the same life
time, if their orbits lie inside Jupiter's orbit (i.e. when one can 
neglect Jupiter's effect). 

About 15% of all fireballs photographed by the Prairie Network 
(McCrosky et al. 1976) have orbital lifetimes from 107 to 108 years. 
Nearly the same percentage applies to the fireballs captured by the 
Earth from 109 to 10 1 0 years whereas over 50% of all fireballs have 
orbital lifetimes from 108 to 109 years. 

The existence of orbits with lifetimes of the order of 108-109 

years and more is due to the orbits' transformation (in particular to 
Poynting-Robertson effect, at least for relatively small bodies). Those 
whose orbital lifetime is of the order of 10 years seem to have origi
nated from recent fragmentation of bigger parental bodies whose orbits 
are of longer lifetime (Simonenko 1978). 
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Editors1 note: Tables referenced in this paper may be obtained from 
the authors. 
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