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New methodology to determine the terminal height of a fireball Background (1)

Asteroid: diameter > 10 m.
Meteoroid: diameter < 10 m.

, meteoroides o

Meteor: meteoroid that interacts Atcara o :
with the Earth atmosphere. 100> - / \ \

Fireball: meteor that is able to get
deep in the atmosphere. S""’S

. . . 80>
Brightness similar to Venus.

/oy
r/’

meteoros

Great Fireball: bigger fireball that is
able to get to lower altitudes and
can reach a brightness similar to
the Moon.

Meteorites: meteor that survives  grandes
to its atmospheric flight and bolidos ///
reaches the ground.

bolidos

. . . A nubegaltas
Micrometeorites: small grains that B b

get the atmosphere at Iow superficie terrestre
velocities and are deposited on the masa inicial —
ground .

meteoritos

Adapted from Rendtel et al. (1995)




New methodology to determine the terminal height of a fireball

* Study of the Prairie Network to find similar
meteorites to the Lost City meteorite.

* They used four criteria: End height agrees with
the single-body theoretical value, calculated
using dynamic mass , as well as with that of Lost
City too within £1.5km, when scaled for mass,
velocity and entry angle in accordance with
classic meteor theory.

Background (I1)

* Study of the Prairie Network to distinguish
between ordinary and carbonaceous chondrites.
* The end height as the principal discrimating
observational parameter in their discussion
(photometric mass).

* Empirical Criterium:

PE =log p. + Alogm_+BlogV_ +Clog(cos Z;)

* A, B and C obtained by Least—Squared fit on PN
data.

* Instead of using the average values as input
parameters, they gathered all the unknowns into
two new variables, a and B (ballistic coefficient
and mass loss parameter).

* Adjusting the equation to the registered values
these new variables can be obtained.

* This describes in detail the meteoroid trajectory
and allow to invent a classification for possible
impacts.




New methodology to determine the terminal height of a fireball Equations of motion (I)

The equations of motion for a meteoroid entering the atmosphere projected onto the

tangent and to the normal to the trajectory Drag force
1
= —2CdpaVZS +Psiny

Variation of the mass Lifting force
———
2

dy MV 1 )
MV —~—=Pcosy———cosy——c¢, p.V°S
dt Y R v 5 LPa

dh i
—=-\VsiIn
dt 4

Exira equations

Isotermal atmosphere — p =exp(h/h,)

Levin (1956) —» S/S,=(M /M,)”

N RC I EREIERFNICIE M =M m;V =V,v;S =S s;h=hy; p, = p,0

Where index e indicates values at the entry of the atmosphere.
hO is the scale height (7.16 km)
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New methodology to determine the terminal height of a fireball Equations of motion(ll)

1-u
y=In2a+B-InA, A=Ei(8)-Ei(&*) [2]

. x e’dz
EI(X)=_LO ,

n=op-710)]

Analytical solution of system : }
1

Initial conditions :y=co;v=1;m=

In this methodology we gather all the unknown values of the meteoroid’s atmosphere flight motion
equations into two new variables (Gritsevich, 2009):

Ballistic Coefficient Mass loss parameter
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New methodology to determine the terminal height of a fireball Simplifications

For quick meteors, a strong evaporation process takes place so p becomes high (p

>> 1), the deceleration can be neglected and the velocity thus assumed constant.
Stulov (1998, 2004) developed the following asymptotic solution:

‘ v=l m*=1-2a", In2aB8<y<wo [3]

However, the meteor velocity begins to decrease in a certain vicinity of m=0. In
order to account for this change in velocity we combine the Eq.[1] (valid for
arbitrary B values) with the Eq. [3] svitable for high B values:

N2 <y<w [4]
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New methodology to determine the terminal height of a fireball Database

In order to test this methodology, we compare our derived terminal heights results with
the fireball terminal heights registered by the Meteorite Observation and Recovery
Project operated in Canada between 1970 and 1985 (MORP) (Halliday et al. 1996). We
use previous a and B values derived by Gritsevich (2009).

Table 1b

The results of processing of observational data for the Canadian Network fireballs.

Fireball Mo. Ve ?, km/s M g

- - 8.5 5 0572 5417.24

TABLE 3. Physical and orbital data for a sample of 213 fircballs.
MORP D Y M 4 RA DE ZA IC VE VH VG HBE HE DU a

132 2330867 1137 95 359 363 488 401 475 963 733 06 5320 O ; : X 0551 1651.41

138 1336825 179 659 95 33 120 T2 30 56 2742 422 5

141 BeT 7 554 EX : 200 380 300 68 651 09 230 O . E 5 2 2 12 A a 3669 82

144 2362800 7 7 169 135 393 214 749 420 16 3550 i 4 - - b e

167 2472741 1583 376 3 40 380 212 B9S 553 1B 2566 . ¥ k k o N

169 2483874 1550 658 7 93 380 202 B9 MO0 64 2620 243 0 0.09

174 542852 473 123 364 154 721 323 33 2080

171 2558736 506 39 . & 158 87 366 112 696 198 33 2181 } : 7 0.47 0 5

178 2581817 3 313 31 z L 243 I87 215 B4 66 04 D964 : . . o -

183 2629815 3 ALE 42 Y 1 600 413 SEE10D) BO1 04 22449

187 2654818 462 5 3 140 354 ME T2 463 23

189 2669831 670 833 167, 5 48 361 96 735 119 101

192 2677669 300 2 0 146 380180 T3 442 16

203 2724082 E 618 g L 372 306 %89 §72 15
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248 2080823 7 6 571 382 3 ! 420 582 %5

251 2995824 L 07 . 0 6. 409 395 973 811
253 3002770 3 494 497 69 o6, 413 588 882

265 3102022 324 32 . LY 401 701 1022 813
02 3126952 k 36 . 346 889 . : 0 0 , i e .
8 3142051 ! 393 . 6 22 68 195 678 = : - u. 187304.65 2900
84 3173972 . 804 90 i 3 18/ 155 932 7 . : _ _ - -

287 3181807 5 367 . I W6 696 . ! 0 A B 0. 0.3 000 B03.03 E300
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333 50749 494 442 44, 569
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New methodology to determine the terminal height of a fireball Resolution

Adjusting the (vi, yi) values of Eq. [2] to the trajectory observed (vi, yi) values by means of a
weighted least-squares method. Assigning manually the weighted factors may be quite
complicated, so, since the height and velocity of a meteor decrease while it gets closer to the
surface, the solution was proved to perform better if we take an exponential form of eq. [2] (see

Gritsevich, 2008 for further details): — E—
2aexp(-y)—Aexp(-p)=0, A=Ei(B)-Ei(H°)

- x e’dz
EI (X) - J‘_OO T

We can derive these new variables (a, B) for each meteoroid by minimizing this expression.
Qla, )= (F(y,vi,a p))’
i=1
F(YiVvi,a, B) =2aexp(-Y;) A exp(-5) =0

From Eq.[3], at the point were m=0 we have: hl — ho Y, = ho In 205,6 [5]

If we reorder Eq.[4] we have:
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h =h,y, =h, In2ap
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New methodology to determine the terminal height of a fireball Results (Il)

o
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Equation ( 6
Equation (7

Differences could be due to the
use of eq. [4] established for high

B.

As suggested by Gritsevich et al.
(2015), we would rather use the

modification: Lg—p-1.1

)
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New methodology to determine the terminal height of a fireball Results (lll)
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New methodology to determine the terminal height of a fireball Discussion

For B >5 eq. [5] shall give good results.
But the decrease in v near the terminal
point is not considered.

_ Meteor height as a function of time >

new problems may be scoped:

The modification made in [7] leads to a - Determination of luminous efficiency
good agreement between observed based on meteor duration.
and theoretical data. However at low B, - Critical Kinetic Energy to produce

some discrepancies appear. luminosity.




New methodology to determine the terminal height of a fireball Conclusions

. We have derived the terminal heights for MORP fireballs using a new

developed methodology.

. This methodology had only been tested on several fully ablated fireballs with
large B values (Gritsevich and Popelnskaya, 2008).

. We were particularly interested in determining whether this new mathematical
approach works equally for fully ablated fireballs and meteorite-producing ones.

. We infroduced a new modification in the methodology which allows to get a
higher accuracy.

. We foresee a calculation of terminal height to be useful when the lower part of
the trajectory was not instrumentally registered.

. It also brings critical knowledge into the problem when one needs to predict
how long will be a total duration of the luminous flight or at which height a fireball
produced by a meteoroid with given properties would terminate.

. Based on our investigations we can highly recommend the use of equation [7]
also to solve inverse problem when terminal height and velocity are available from the

observations, and parameters a and p need to be derived.
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