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ATMOSPHERIC-PROFILE IMPRINT IN FIREBALL ABLATION-COEFFICIENT
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Astronomical Institute of the Czechoslovak Academy of Sciences
251 65 Ondrejov Observatory, Czechoslovakia

2 During the past two decades three different projects for registration of

. meteoric fireballs were put into operation using multistation photographic
technique, They have yielded data on geveral hundreds of firebal) trajectories,
some of them with deep atmospheric penatration down to heights of 20 kilometers.
The itmediate results of multistation ptotogreph of a fireball arn the relative

3 . distances along the trajectory, 1 , and the heights, hL , measured at
v each shutter time-mark, t, (shutter breaks of the image). The precision of one
g value of 1 is of the order of several tens of meters, There are usually

wany tene o? independent points (breaks) available for long fireball
trajectories with independently mzasured 1 and h We need a good
- theoretical relation for a least-squares so?utxon c? i'l(t) or a=h(tr), where 1
is the theoretically given distance along the trajectory and h the height.
Until recently there were no adequate formulae expressing theoretically the
distance along the firebal:i trajectory, 1, as function of t. We have been able

i: to find such formulae and morcover to find their gencral form for any
; atmospheric profile used.
Eud
" The motion and gblation of a single non-fragmenting meteor body can be
S expressed by the following set of difterential equations first presented by
; HOPPE (1937):
- d 2/3 1/3 2
/ v - -
. ac =~ T Aoy pm v (¢))
B .
P
, do 2 -2/3 2/3 3
A dac 20 Pd pm v (2)
- . dh
- - - <
. dg = - v cos z, (3)
; where v is the velocity, m the mass, h the heiglt of Lhc teteoroid, p the air -
density at any time instant t., The parameters are: the drailsocfgijxent
A the heat-transfer coefficient, A the shape factor: A = Sp
where S ic the hcad cross-scctior end p, the density of the reteotoxd ¢ is
the energy neceesary for ablation of oune unit of ruass and z, is the angle
between he fireball trajectory and the vertical. The nblagion coefficient,
is defined by
A
0= 2T (ll)
s ) and the ghane-dengity cocfficient, K, by
r K =TA pd'2/3 ()
To sulve the system of equations (1) to (3), we have to assume a density profile
of the atmosphere, Until now everybody working in the field of physical theory
of metcors and its application to observations solely used the assumption of
exponential decrcase of the air density with height corresponding to an iso-
r thermal atmosphere: .
: ‘ ;
. £= v, exp(-bh) (6) '
L. ' - '
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I where b, the air density gradient, was gssumed constant as well as thk~ zero-
s level air-density, »_ . Horeover, the solution of the system (1) to (3) was
' known only in the form of vav(p):
: - 2
f — 1 2 =l 2 2 om, "/ exnig ov,)
, N Ei(g ov, ) - El(g ov') = b cos z m
t
} where v, is the initial velocit{ ssefote entering the atmosphere) and m, ic the
P iy )\}_’_)ipllu. . .
[_' initial mass and E.(x) = jw -~ is the exponential intesral. Thus
: numerical differentiation of directly observed dictances along the fireball
! trajectory, 1, , was necessary to get v, for application of formula (7)
\ to observations. Such an indirect method yielded ablation coefficients and
‘ initial velocities with standard deviations much larger than corresponding to
1 the accuracy of the measured distance, 1° s0 the accuracy of the observed
: quantities was far from being utilized fu?iy.
: Recently we have propcsed 2 solution of the system (1)-(3) in a closed form
f expressing 1=1(v(t)):
L. 2 Iv cxp(% uxz)dx )
t-t = - - (8
) o b cos 2z v 2= 1 2 -, 2
R o X (hi(ﬁ ov ") Li(ﬁ or”)
t ' -1 2 =1 2
¢ E. (5 ov. ") - E (S ovy
Y . 1 16 Ve 15
1-1 in( , —1 9)
P o b cos zp £ (L-cv 2) _ = (l av 2)
176 e “1% Vo
Here v_, 1 _ are the velocity and the distance ..¢ the point t =0 from .

where Ehe Qelative time is counted. The integration variable is denoted x. The )
equations (8) and (9) hold under the assumption (6). The obeerved values,
1o s and h for each independent time instant, t, can be fitted to '
equations ?Bs and (2) by the least-square pethod and the parameters 1 , v_, B
v, o can be determined. o ©°

or g va—

t,
? In applying our formulae (8) and (9) to observations of fireballs we
P, started to suspect much greater importance of the air density profile for the
; resulting values of . the .parameters than it was assumed previously, when the o
. simplistic approach to the air density profile with a constant air density :
; gradient was assumed as correct. Our solution of (1) to (3) for 3 general air
. density protile has the form
: Loy
i c-toujlv d1 (10)
o
’ w
‘ _ _ .,
! Ed o -EEowh [ o dn
i°6 @ 1°6 h
o1 T = 2 an
51(6 av ") - Li(g oV, ) !h p dh
o
whiere ho is the height at the time instant t . Among other parameters v
and © can be determined by the least-square Sethod to fit the observations to
) (10) and (11).
: ' Details on both solutions (8), (9) and (10), (11) can be found in two
! . recent papers (PECINA and CEPLECHA, 1983, 19¢84) together wvith outlines of the
: f numerical procedures and of the computer progrums used. The ablation
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coetficients and initial velocities computed for 10 Praictie Hetwork and one
Europecan Networh fireballs for the isotheimal atmosphere (1962) and for the
scasonal ateosphere (1966) are cowparce in Table I, Craphical corparison of
ablation coefticients cooputed for the isotherral atmosphere and for the
seascnal atmosphere sre plotted in Figure 1. The follewing results ere cvident,

a) The computed ablation cocfficient ix strongly dependent on the atecspleric
vodel used, Difterwnces by using a sieplistic isothermal etnosjphere are up
tc factor of two,

b) The standard devistions when using a seasonal atnosptere are significantly
swaller than tor the siuple 1sothermal eadel,

) The initial velocaty daffers also far cutside the standard devistions for
the majority of cares and the values froo the scasonal atmesphicre ate
better, This has astronomical significance in conputing the orlats,

The main conclusion ix evident, The grncrous asaurption of sinple
atvospheric model used up to now for theoretical considerations of weteoroid
petetration into the atmospherc and for computational applications to fireballs
yields 1ncorrect results. At least, the density profile of "Montbly
ateosphieres™ should te used (CIRA, 1972) for eny future theorctical and
experinental applications to get any reliable data on ablation coefficiente and
initial velocities of fireballs with good dynamic data. Aralysing ablation
coelficients conputed [or many fireballs of differcot structure and conpasition
of their vcteorcids, ve could batter recognize different types of dodice and
their average characteristica, Then, using the average statistical value of the
adblation coeflicient for cach scparate structural and conmpositional group of
firetalls, wve could determine details of the instant air denfity profile of the
1iddle Atmosphere at the particular oement of any fireball with good dyranic
data snd coreover the local diaturbance by large oeoteoric bodies, Acnd in this
direction we want to contribute to studies of the Middle Atzosphere 1n the near
future.
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Table 1. Cenparison of ablation coefficient, n, and initial
velocity, v., conmputed with constant air density
gradient, b, and vith seasonal air density profile.

9 2 /kn” v, knls
Height
Fireball . Seasonal " Seasonal Interval
Kuzber [. =. cxp(-bh) Atmosphere |, =, exp(-bh) Atnosphere ko
PN39057 0.0229 2.0199% 164,339 14.350 14
*.0009 +. 0005 *.006 +.,002 36
PN39060 0.007 0.018 31.94 31.81 9!
+,00) +.002 *.00 +.04 50
rNI065 0.0362 0.0316 17.303 17.332 68
«,0039 +,0006 1. 000 ¢,004 34
PN39078 0.0634 0.0604 10.97% 10.982 62
+.0031) +,0013 +,011 +,00) &l
FH3I9404 0.0396 0.030) 15.319 15.346 79
+, 0007 +.0007 +.006 U4 28
FN3IGLO0S 0.0465 0.0451 14,406 14,385 10
+.0017 +,0009 «.011 +.003 1Y
THI9434 0.0269 0.0146 14,289 14.317 69
+. 0009 +.0007 +.00% +,002 27
PR3IG4H69A 0.0132 0.0176 26.39 26.42 L)
+.0020 +,0016 +,0% +.02 56
PN3I9729C 0.0107 0.0109 27.5%0 27.82) 72
+.0004 +.0002 +.029 1.009 &3
Fu39820A 0.0208 0.0212 24,617 24,611 &0
+,0003 +.0002 +. 006 +.003 39
EN250181 0.059 0.031 11.578 11.611 64
+.006 +.00% +.011 +. 004 13

*Different av}rage values of b were used correspending to different
height intervals for particular fireballs and to the U,S. Standard

Atcosphere (1962).

Seasonal atmosphere were taken frem U.S. Standard Atnosphere
Supplezents (1966).
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Figure 1, The everage ablation ceefficient, o,
computes frca the sisple isothermal atmospheric
codel (¢ = . . exp (-bh)) is plotted against
the average ablation coefficient conputed from
the seasonal stmospheric nodel. Bars are the
standard deviations. The 45° line carks equal
values of - froa both computations.



