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Bertil-Anders Lindblad 1. A Stream Search
Among 865 Precise
Photographic Meteor
Orbits

Introduction

Meteors are generally divided into two classes
—shower meteors and sporadic meteors. About
a dozen major showers occur every year. These
showers, or streams, are conspicuous in any list
of visually observed or photographed meteors,
and virtually all their members are readily
identifiable. If the shower radiant is diffuse or
the hourly rate is low, however, it is not easy
to recognize a meteor stream.

The division into stream metors and sporadic
meteors is, to a certain extent, arbitrary. The
classifications hitherto used for stream identi-
fication are based primarily on geocentric quan-
tities such as radiants, velocities, and dates of
occurrence. When, in addition, detailed orbital
information is available for individual meteors,
the above methods of classification are supple-
mented or superseded by methods based on com-
parisons of sets of orbital elements. The use of
the orbital elements has the advantage that
these parameters are more fundamental, having
regard to the initial formation of a stream.

Owing to inherent differences among the in-
dividual members of a meteor stream, the in-
vestigator who makes a stream search is faced
with the difficult problem of rejecting suspected
stream members when the orbital elements ex-

Bertil-Anders Lindblad, Lund Observatory, Lund,
Sweden.

hibit too large a deviation from some assumed
mean set of orbital elements. The rejection level
adopted as well as the assumed set of mean
elements is necessarily somewhat subjective,
being largely based on the investigator's a
priori knowledge of the dispersion within the
stream.

It is difficult to recognize members of a pre-
viously unknown stream or members of a
stream not well represented in the sample under
study. The problem of stream identification be-
comes increasingly difficult in large samples
owing to the amount of labor involved and also
to the possibility of spurious associations among
different sets of orbital elements. The expected
existence in the near future of very large col-
lections of fairly precise meteor orbits deter-
mined by photographic and radio methods
makes it necessary to introduce a quantitative
criterion for stream membership as well as an
automatic method of stream search suitable for
computer analysis.

The D-criterion of stream membership

Southworth and Hawkins (1963) present a
study they made of the statistics of meteor
streams. The study is based on a quantitative
measure of orbit similarity, which the authors
call the D-criterion. Their method depends on
the principle of intercomparison of two sets of
orbital elements. Let A and B represent two
individual meteors to be tested for orbit simi-
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larity. Let the orbital elements be represented
by the five quantities q, e, i, ft, and ir, where, as
usual, qf = a ( l - e ) is the perihelion distance,
e the eccentricity, i the inclination, ft the longi-
tude of the ascending node, and TT = co + ft the
longitude of perihelion, measured from the
vernal equinox.

Let IAB be the angle between the orbital
planes and TTAB the difference between the longi-
tudes of perihelion measured from the inter-
section of the orbital planes. Further, let the
differences of angular orbital elements be meas-
ured by their chords, i.e., by twice the sine of
half the angle. A quantitative measure of orbit
similarity (or difference) is then given by the
expression

[D{A,B)Y= (eB-eAy+ (qB-qA)2

±-(«A + eB) 2 ( i )

where--- (eA + eB) is a weight function. The

last two terms in equation (1) are related to the
orbital elements as follows:

(
+ sin (A sin iB(2 sin B ~ Aj (2)

and

ttAH = COB - (oA + 2 a rc sin

lA + IB . ftfl - ClA

cos—^—sin ^— sec
IAB\
2 / * (3)2 " 2

In the definition of D, the difference in
perihelion distance is substituted for the semi-
major axis a as a measure or orbit size, because
the perihelion distance is well determined by
observations and exhibits a small range of
values. This is particularly important in the
analysis of photographic meteor data, which
often contain a high percentage of nearly para-
bolic orbits.

Having acquired a quantitative measure of
orbit similarity, let us proceed to the definition
of a meteor stream. A criterion of stream mem-

bership may be based on either of the following
two definitions:

1. As previously, a stream may be defined
by a comparison of the orbital elements of an
individual member N with the corresponding
elements of a mean orbit M. Let D(M, N) have
the same mathematical form as D(A,B) of
equation (1). A stream may then be defined as
all those meteors N whose difference D(M, N)
from the mean orbit M is less than a certain
prescribed amount Z)max.

2. A stream may be defined by serial asso-
ciation between the members. Two meteors A
and B are said to be associated if D(A, B) does
not exceed a standard value Ds. A stream may
then be defined as a group of meteors in which
every member is associated with one or more of
the other members.

ADOPTED METHOD OF STREAM SEARCHING.—Of
the two definitions mentioned above, the latter
has the advantage of not demanding any a priori
knowledge of the orbit of a meteor stream and
is therefore suitable for a computer search for
streams. A computer program based on the con-
cept of serial associations has been worked out
by South worth. The method of stream search
consists essentially of labeling the meteors in a
sample, in some order, and computing first the
orbital difference D(A, N) between a meteor A
and all the other meteors in the sample, and
second the orbital differences between meteor B
and the other members, etc. As soon as a pair is
detected by the condition D<DS, where the
standard value of Ds has been prescribed in
advance, these two meteors are said to form a
stream. Eventually more meteors will be in-
cluded in the stream by the continued compari-
son process. When the computer has run
through the entire process, there will appear
several groups or chains of meteors, each of
which may be considered a stream. The pro-
gram then numbers the streams and computes
a mean orbit M for each of these streams, the
difference D(M, N) between each stream mem-
ber N and this mean orbit, the equatorial coordi-
nates (a, 8) of the mean radiant, and the mean
geocentric velocity of the stream.

A difficulty encountered in the study of large
data samples is that the above method of serial
association sometimes produces a long chain, or


