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An Analysis of the Atmospheric Trajectories of
413 Precisely Reduced Photographic Meteors

Luigi G. Jacchia,1 Franco Verniani,2 and Robert E. Briggs 3

A previous paper (Jacchia and Whipple-, 1961)
contains a discussion of the orbital character-
istics of 413 precision-reduced meteors doubly
photographed with the Baker Super-Schmidt
cameras in New Mexico. The present paper
contains an analysis of the atmospheric tra-
jectories of those same meteors and deals with
the physical aspect of the meteor phenomenon.

A description of the observational material
has been given in the above-cited paper by
Jacchia and Whipple (1961); reduction tech-
niques have been fully described by Whipple
and Jacchia (1957) and will not be repeated
here except for points that need more detailed
explanation. We shall outline here the criteria
used in the selection of these 413 meteors out
of a total of about 3500 meteors doubly photo-
graphed by the Super-Schmidt cameras during
the same time interval. The shutters of the
Super-Schmidt cameras have two 45° openings
and rotate at 1800 rpm; the meteor trail is thus
interrupted 60 times a second and presents the
aspect of a row of segments separated by wider
breaks. In making the selection we deliberately
chose only those meteors that were likely to
yield excellent decelerations. On this basis we
discarded nearly all meteor trails showing less
than 20 clearly discernible segments and those
whose segments were too closely spaced, as

1 Harvard College Observatory and Smithsonian Astrophyslcal Observ-
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1 Centro Nazionale per la Fisica dell' Atmosfera e la Meteorologia del
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well as trails appearing against rich star fields
or too faint to be measured with accuracy.
The selected meteors have an average of 40 well-
measured segments on the better of the two
films, and 34 on the other, and for all but 17
meteors the instant of appearance was recorded
visually. A secondary criterion for selection
was that comparable numbers of meteors should
be chosen in the low, medium, and high-velocity
groups, and for each month of the year. For
months particularly rich in meteors, the stand-
ards of acceptance were set a little higher so
that the month in question should not exert
an overwhelming weight in the analysis of
seasonal effects on decelerations. On the other
hand, we have occasionally included a larger
number of meteors belonging to a few selected
showers (Quadrantids, for example) because
their reductions were deemed useful for orbital
purposes.

As a result of this selection, the data pre-
sented here do not represent a random sample,
a fact that should be kept in mind in evalu-
ating the analysis. In particular, it should be
remembered that by excluding meteors with
closely spaced trail segments we have eliminated
more of the low-velocity than of the high-
velocity meteors. The bias introduced by our
selection is added, of course, to the bias already
inherent in meteor photography.

Basic trajectory data are presented in ta-
ble 1.1; the individual determinations of ve-
locity and decelerations with other quantities
derived from them are collected in table 1.2.
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1. Basic meteor theory
In this paper meteor theory is considered only
as a framework for the reduction of the obser-
vational material and is used in its simplest,
most unsophisticated form. We expect that
the observed deviations from this basic theory
might be of some help in future theoretical
work. Here is a summary of the basic equa-
tions and assumptions.

The acceleration v of a body of mass m and
frontal area A moving with velocity v through
a gas of density p can be written as

(1)

where CD is the so-called drag coefficient. For
supersonic velocities, CD has a nearly constant
value close to two for free-molecule flow, and
again a nearly constant value of 0.92 in the case
of continuum flow. The meteors photographed
with the Super-Schmidt cameras have dimen-
sions that are generally small compared with
the mean free path of atmospheric molecules
at the heights at which they are observed, so
we have assumed that free-molecule flow is
valid for them and we have assumed CD=
constant.

The presentation area A can be written as
A=am2/3, where a is a proportionality factor,
which depends on the density and shape of the
body. We have taken a=constant, which is
equivalent to assuming that all meteors have
the same density and shape factor. Equa-
tion (1) can thus be written as

(2)

where C is a positive constant. This equation
is generally referred to as the "drag equation."
The value of C can be determined from the
observed velocities and decelerations if p and
m are known.

The mass m can be computed from the ob-
served light curve of the meteor under the
basic assumption that the am'ount of light Iv

in the photographic domain emitted by the
meteor body at any instant is proportional to
the kinetic energy of the atoms in the meteor
coma that collide with atmospheric mole-
cules (Opik, 1933). The number of atoms in
the meteor coma is, in turn, proportional to

the rate dm/dt at which the meteor loses its
mass, so we can write (Whipple, 1943)

_ Tpdm ,
lp~ 2 dt ' (3)

where TP is a proportionality factor; the sub-
script p refers to photographic intensities. This
equation is generally called the "luminosity
equation."

Since the spectra of meteors consist mainly
of a discrete number of emission lines whose
relative intensities greatly vary with meteor
velocity, we must expect TP to depend on v.

Let us assume that

Tp = TOpV
n. (4 )

Whipple (1943), on the basis of Opik's
theoretical results, had assumed n = l . Using
this value of n, Jacchia (1948) derived from
Opik's data the value T O P =6 .46X1O- 1 9 (c.g.s.),
when the photographic intensity Ip is expressed
in units of the intensity of a zero-magnitude
star. These values of n and rOp were used by
Jacchia (1948, 1949a, 1952) for deriving the
masses of meteors of the Harvard-M.I.T.
meteor program.

Recently, Verniani (1964a), using the ob-
servational material of the present paper,
found n= 1.0±0.15 and T O P =1.OX1O- 1 9 ; the
same values were found to apply also to the
brighter meteors photographed with small
cameras prior to the use of the Super-Schmidt
cameras. Masses (m^) computed using this
new value of TOP are given in table 1.1, after
the values computed with the old coefficient
(m^,). It is these "new" masses (mi) that
have been used in the present analysis; when-
ever the symbol m appears in the tables with-
out a subscript, it is understood that the mass
it represents was computed using TOP= 1.0 X10"19

(c.g.s.).
Meteor masses can be computed from equa-

tion (3). Integrating and taking n = 1, we have

2 r ' 6 1mt>—ma= ~£dt,
T0pJta V

(5)

where the subscripts a and b refer to two ar-
bitrary points on the meteor trajectory. Re-
moving tb to infinity and assuming that the


