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[16, 17] for 162 bursts in B85 meteors. The combined

results of a number of investigators suggest that:
(1) Bursts are usually observed in the height range from 73 to 103
km [33, 120], (58 to 108 km according to [16, 17]), fast meteors have a

peak number of bursts at hy

km [33]. According to all data,

= 92 km, and slow meteors peaking at hp = 79
meteors have hy = 85 km; according

type-A
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to [120], type-B meteors have hy = 90 km and type-C meteors have
hpm = B0 km. However, in [17] a uniform distribution (without a maximum)
was obtalned for type-B, and hy = 97.5 km for type C.

(2) The percentage of bursting meteors increases with the mass and

decreases with an increasing velocity [120}. 79% of the slow meteors

(vg = 15 to 25 km/s) produce bursts, whereas only 30% of the inter-
mediate and fast meteors do. Sporadic meteors produce bursts in 41.5%

of the cases [33]. Bursts are fairly frequent in Perseids (30%), but are
almost unknown in §-Aquarids and Geminids [33].

(3) In 80% of the cases the burst duration is from 0.01 to 0.04 s,
it being from 0.04 to 0.15 s in the rest., The duration is less toward
the end of the meteor path [120]. Most bursts last for 0.02 to 0.06 s

447].

[ }4) According to Benyukh's data [33], the range of perihelion dis-
tances is quite narrow for all bursting meteors (q = 0.7 to 1,1 Av),
whereas ¢ = 0.05 to 1.05 Av for quiescent meteors. Benyukh links the
lack of bursts in meteors of low q with their different physical struc-
ture (see below).

(5) For slow meteors, bursts occur at both the beginning and the end
of the path, but always at the end for fast meteors [33]).

(6) According to data in [72, 190], short-wave radiation is usually
predominant in bursts. This is usually via emission in the H and K lines
of Call [189, 193, 447].

(7) The burst amplitude may reach 5™ to 7™, which corresponds to an
increase in brightness of 100 to 600 times.

The researcher is faced with two questions:

(a) What is the burst mechanism, or in other words, what process
causes the brief intensification of the meteor brightness?

(b) What is the cause of the bursts, or in other words, what puts
this mechanism into action?

Since, both before and during a burst, the radiation is mainly by
a vapor of meteor atoms, the burst mechanism must obviously involve
either a rapid increase in the meteor's rate of vaporization, or a rise
in the excitation temperature of the radiating gases, ot both of these.

Beginning with Smith [468), many authors have explained a burst as
a fragmentation of the meteoric body into a great number of pieces or
as an ejection of a bunch of small particles, which evaporate immediate-
ly, suddenly intensifying the meteor brightness. If the particles are
equal and do not break up further, then the particle mass ﬂU'and radius
rp can be determined from the burst duration tj or the burst length L
(equal to the particle path length before its evaporation). Smith in
1954 used the first approach (according to tg) and the formula

I'd |9
."”,t == (ﬁpﬂ[hﬂ.) f (39. 1)

where § 1s the density of the meteoric body. However, determinations of
burst durations are unreliable, because the bursts are so brief. Simon-
enko [193] used the second approach (according to the burst length L).

Using data on 108 bursts, she obtained the size distribution of the de-
taching particles, which has a definite maximum at rf = 80 y and a range
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of 30 to 110 y. Simonenko attributes the narrow range to the presence of
structural components of just these sizes in the meteoric bodies (the
particle radius ry depends neither on the size of the body, nor on the
velocity or height of the beginning of luminosity). A much wider range
of particle radii (10 to 1000 1) was obtained in [17], the "average"
radius being 70 to 140 M. According to observations made at Dushanbe,
bursts with re < 70 |y make up 28% of the total, while bursts with

re = 70 to 140 p account for 29%, and bursts with rp > 140 p account for
43%. The masses of the particles detached during bursts thus vary from
102 to 107 ° g, the mode being My = 10 ° g.

In [194] Simonenko studied the behavior of small particles separa-
ting from the main body: their amount of lag, path length, pattern of
vaporization, and luminosity. The total mass ejected by a meteoric body
during a burst is [198, 163]:

2 (39.2)
JP”u'—_"— fdt,

where J is the radiation intensity, T is the luminosity coefficient, and
£] and t are the moments of beginning and end of the burst. Musii and
Shestaka [163] here used two dependences of r on the velocity v: one
corresponding to the modg];(T = Tgv), and one corresponding to model B,
according to which T ~ v 1/2 (Opik, [429])) for a mass M < M)jp (where

lg Myyq = -19 + 2.5 lg v, f.e., Mgy = 107" to 107% g) (see Sections 20
and 22). The second relation yielded a comparatively narrow range of

Mp values: 0.26 to 0.43 g, whereas the first gave a range of 0.03 to 24 g.
The ratio of Mp values for the same meteors, determined using the first
and second methods, varies between 1 and 10. Using model A, an Mg value
of 1.6 g was obtained for one meteor [189].

Assuming a mean value of Mg equal to 0.3 g and a mean mass of one
particle equal to 6-10 % g, we find the number of particles detached
during such a burst to be 5.10". The vaporization area, and thus the
instantaneous brightness of the meteor as well, becomes 1360 times as
great, i.e., the meteor becomes eight stellar magnitudes brighter. If
particle detachment removes a layer 0.02 cm thick from the surface of
a body with a radius of 1 cm, and if the mean particle radius is 0.01 cm
(100 p), then the total vaporization surface (and thus the meteor bright-
ness as well) will increase sevenfold (by two stellar magnitudes) [193].

In addition to the fragmentation model according to Smith, others
have described different forms of fragmentation of meteoric bodies lead-
ing to bursts. Let us consider these:

(1) Simultaneous detachment of a great number of small particles
(Smith's model) [468, 163, 189, 193, 194].

(2) Shedding of the outer layer due to the vapor pressure of readily
vaporizing substances [33].

(3) Shedding of the molten layer under the influence of aerodynamic
forces [44, 120].

(4) Frothing of the molten layer [256], a mechanism similar to the
previous one.

{5) Breaking up of a liquid droplet of a melted-through meteoric
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body [140].
Calculations are still required for a comparative assessment of the

{ | likelihood of these five mechanisms. Mechanism 1 presupposes a loss of
i strength of the body under the influence of mechanical or thermal stres-

f ' ses. Aerodynamic forces play a major reole in mechanisms 3 and 5, heating
| ! of the body and vaporization of volatile components are determining fac-
i ' ~ tors in mechanism 2, and heating of the molten layer in mechanism 4. In
F Section 41 we will return to the physical mechanisms of fragmentation,

Some investigators [155, 447] have proposed a change in the regime

of flow around the body, because of shock-wave formation, as a cause of
the sudden increase in aerodynamic heating. This question was very tho-
roughly examined by Rajchl [447] in 1972, Citing data from (155], Rajchl

1 i decided that the occurrence of a burst corresponds to the condition
H .
| B =2 =9, 63822

i Al

where B is the reciprocal Knudsen number, 1 is the body radius, vg is
the mean velocity of molecules in the gas cap ahead of the bedy, and
lo is the mean free path in the undisturbed atmosphere.

Many studies have been made of the so-called calcium anomaly in the
burst spectrum, This has already been discussed by us in Section 26.

40, Fragmentation of Meteorites

| ‘i Meteorite fragmentation demonstrates most visibly how common it is
il for bodies entering the earth's atmosphere at high velocities to break
up. Most meteorites break up in the air and fall to the ground not in
one piece, but in several or even a large number of pieces.*) If the

_ number of individual specimens exceeds five, then the phenomenon is

| usually referred to as a meteor shower.

| Let us take the Pribram meteorite, which was photographed in flight,
as an example of the fragmentation of a typical stony meteorite. Frag-
mentation began at a height of 44 km, when fragments (first fragment 16,
and then fragments 12, 14, and 15) began separating from the parent

body (trajectory 1). Subsequently not only the parent body, but also

the already detached fragments (12 and others), underwent fragmentation.
| The whole process occurred between heights of 44 and 23 km. Some frag-

! ments ceased to exist at fairly high altitudes (28 to 33 km) and 5 of

E the 17 fell as meteorites, but one (the largest one), according to

Ceplecha [284], has not been found yet.
0f the two main causes of fragmentation (aerodynamic and thermal
| stresses), the former is undoubtedly responsible in this case. As we
o have mentioned repeatedly, in a large body only a layer 0,05 to 1 mm
! deep heats up, and heating cannot play any significant role in fragmen-
i tation. However, the role of aerodynamic loads is especially augmented

B i S ey S

*) Meteoritics distinguishes between individual specimens (falling in-
dependently to the ground) and debris, formed as a result of the impact
of the meteorite against the earth's surface.
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