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Introduction: Meteoroids  entering  Earth’s  atmosphere  rarely  survive  to  become meteorites  on  the  ground.
When a fireball is observed in the atmosphere, determining if there is any remaining mass depends on many un-
known factors, including the density of the object and its shape. There are dynamical factors that must also be as-
sumed such as the spin of the meteoroid and to an extent the drag and lift it experiences. Fireball camera networks
allow the triangulation of a fireball trajectory to swiftly provide information on positions and, with timing informa-
tion, velocities. However, determining the terminal mass estimate of a meteoroid is a complex next step. There are
many in depth models that use increasingly complex methods to address the unknowns in the dynamical equations,
but can be time consuming and impractical to run on large datasets. To determine which meteoroids may have sur-
vived entry, and where to concentrate resources for more in-depth techniques, there is a general rule of thumb that
uses a fireball’s final height and velocity. This is a very crude approach where it is assumed that low and slow final
parameters are likely the best candidates; the general conditions required for a fireball to produce a meteorite is an
end height below 35 km and a velocity below 10 km/s [1].

Analytical approach: A much more elegant approach is the dimen-
sionless coefficient method first described by [2] and well outlined in
[3]  (see also references therein).  Two parameters,  α (ballistic coeffi-
cient) and β (mass-loss), can be calculated for any event with some de-
gree of deceleration, given only velocity and height information. α and
β can be used to analytically describe a trajectory with the advantage
that they are not mere fitting coefficients; they also represent the physi-
cal meteoroid properties. This link allows insights to be made on the in-
coming body by assessing the groupings of specific  α and β values.
This is a fast and easy method to implement and run on a large dataset,
such has been done by [4] for both the Prairie Network (PN) and Me-
teor Observation and Recovery Project  (MORP) data,  [5] on Desert
Fireball Network data, and is currently in use [6,7] by the Spanish Fire-
ball and Meteorite Network (SPMN). 

Interactive ‘quick-look’ tool: As the velocity data used to create
these parameters are normalised by the initial velocity (v0), this method
is sensitive to this value. The initial velocity is difficult to determine ac-
curately, with formal uncertainties that take into account both, model
and observational errors. This was done in [5] using Bayesian filtering
techniques and also requires computational resources. Here we have ex-
tended the ‘quick-look’ tool provided by [5] to include an initial veloc-
ity estimation,  by keeping  the initial velocity as  an additional free pa-
rameter. Although no uncertainties are calculated, we compare the v0
values for fireballs analysed in [5] to determine the reliability of this crude technique. 

This tool also includes the ability to visualise and manipulate v0. In some cases, particularly when using non op-
tical data covering narrow fields of view (e.g. radar beam), it is not always possible to obtain observations of the ini-
tial velocity before significant atmospheric deceleration (Fig. 1). α and β values can still be approximated for such
events using a manual fitting technique. 
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Additional Information: Code for α/β/v0 tool available for download at  https://github.com/desertfireballnet-
work/alpha_beta_modules. Also available in an interactive online session at  https://mybinder.org/v2/gh/desertfire-
ballnetwork/alpha_beta_modules/HEAD 

Figure 1: Example case where the start of 
the fireball was unobserved and a traditional
α / β fit (red) is unsuitable compared to when
V0 is an additional free parameter (grey).
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