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A. F. cook Discrete Levels of
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Introduction
Ceplecha (1968) plotted the photographed mete-

ors reduced by McCrosky and Posen (1961) and
not identified as members of streams, with begin-
ning height as ordinate and velocity outside the
atmosphere as abscissa. His Figure 1 exhibits the
basic result. He found three ridges of maximum den-
sity of points. The lowest of these he designated as
Class A, the highest as Class C, and an intermediate
maximum apparent only from 27.5 to 43.7 km sec"1

as Class B. His Class C showed two peaks, one be-
low 41.8 km sec"1 and the other above it, and he
designated these regions as Classes Ci and C2,
respectively.

Ceplecha favored the interpretation that the dif-
ferences in beginning height were due solely to var-
iations in density of the meteoroid. Subsequent
studies by McCrosky and Ceplecha (1970) and
by the author (in preparation) provide plots of
log (I/Km) versus log V.,, where Km is a coefficient
in the deceleration equation for meteors and V . is
the velocity of the meteoroid outside the atmos-
phere. The three classes appear in these plots too.
However, the separation is not enough to explain
fully the separations of Ceplecha's discrete levels.
He also found that meteors of Class A had trajec-
tories shorter than those of Class C, which implies
that they have larger values of Jacchia's (1955)
fragmentation index x- This provides the explana-
tion for the remainder of the separation of beginning
heights.

It appears, therefore, that we may be able to use

A. F, Cook, Smithsonian Institution Astrophysical Observatory,
Cambridge, Massachusetts 02138.

1 Published 1970 as Smithsonian Astrophysical Observatory
Special Report No. 884.

Ceplecha's classes to separate streams of meteors
according to the density of the meteoroids. Cep-
lecha (1968) has already done this for some streams.
Lindblad (1971b) subsequently analyzed the mete-
ors of McCrosky and Posen (1961) statistically
to identify several new streams. Identifications of
streams from more restricted groups of meteors had
previously been made by Whipple (1954), Jacchia
and Whipple (1961), Southworth and Hawkins
(1963), and Lindblad (1971a). McCrosky and Posen
(1959) identified streams from the same sample as
did Lindblad (1971b). The present paper considers
these additional streams as well as the better known
ones classified by Ceplecha.

Criteria for Reality of Streams

We accept as real only those streams that show
four meteors, or three meteors tind an associated
comet, in McCrosky and Posen's (1961) list or those
that are already well known. This is almost the cri-
terion recommended by Lindblad (1971b). Inas-
much as most of the observations used by McCrosky
and Posen were obtained from 1952 to 1954, there
is little assurance that all these streams recur annu-
ally. Incidentally, for the purposes of this paper, the
Cyclids (Southworth and Hawkins, 1963) are re-
garded as the product of observational selection,
caused by the earth's enhanced collisional cross sec-
tion, for meteoroids in orbits nearly the same as that
of the earth; they are not counted as a stream. Ap-
plication of these criteria yields 39 optical streams.
Of these, 1 does not appear in the observations, 12
do not show enough meteors to permit classification
(this point will be discussed further below), and 11
exhibit such extreme character that some remark
about their densities can be made in spite of the
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TABLE 1.—The three Taurid streams of Lindblad {1971b)

Name Lindblad's duration

Radiant (Eq. 1950)

VG N O . of
RA Dec. (km sec"1) meteors

N. i Aquarids*.
Piscids
Taurids

21 Aug.-20 Sept.
25 Sept.-19 Oct.
19 Sept.-21 Nov.

0.33
0.40
0.33

2.00
2.06
1.99

0.83
0.80
0.83

4°0
3.4
3.3

300°
291
119

161°
199
29

101°
130
148

354C

26
40

+ 1
+ 14
+ 13

31
29
31

3
9

91

* McCrosky and Posen (1961) identify two additional members on 27 July and 18 August, which would raise the number of meteors to five and
extend the duration back to 27 July. The author concurs in these identifications.

small number of meteors involved. We are left with
15 streams that are sufficiently abundant to be
unambiguously classified.

Classification of Streams

The logical method of classification is to begin
with the most abundant stream and continue with
decreasing numbers until it is evident that we are
approaching uncertain ground.

1. The most abundant stream is the extended one
of the Taurids, which are 105 in number and are
usually divided into a northern and a southern com-
ponent. Lindblad's search does not make this divi-
sion but instead subdivides the stream into three
overlapping parts according to the sun's longitude
Lo . The elements q, a, i, « remain constant as LG

increases, while ft and tr progress steadily from part

to part of the stream (here q is the distance at peri-
helion, a the semimajor axis, i the inclination, « the
argument of perihelion, ii the longitude of the as-
cending node, and x the longitude of perihelion).
There is a reversal of nodes as Lindblad switches
from predominance of the northern branch to that
of the southern branch. Table 1 presents the details
of the Taurid streams found by Lindblad. It is ap-
parent that the total activity extends over almost
4 months, growing steadily until the maximum at
about 1 November given by McKinley (1961). Fig-
ure 1 exhibits the distribution of beginning heights
of this stream.

The heights for Ceplecha's Classes Ci, B, and A
are marked in Figure 1. The coincidence of the max-
imum with Class Ci is evident, as are also the rather
abrupt decline in numbers at greater beginning
heights and the straggling tail to lower beginning
heights. If the distribution were symmetrical, we
might hope that as few as 32 = 9 meteors would suf-
fice to classify a stream. The process that causes
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FIQUBE 1.—Distribution of beginning heights for the
extended stream of the Taurids.
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FIGURE 2.—Distribution of beginning heights for the
Piscids.


