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Abstract.

In this paper we study the extremely high beginning parts of atmospheric trajectories of seven
Leonid meteors recorded by sensitive TV systems equipped with image intensifiers up to
apparent magnitude +6.5. For all the seven cases we observed comet-like diffuse structures
with sizes of the order of kilometers and quickly developing during the meteoroid penetration
through the atmosphere. For the brightest event with maximum absolute magnitude of -12.5,
we observed an arc looking like a solar protuberance and producing a jet detectable several
kilometers sideways from the brightest parts of the meteor head, and moving with velocities
over 100 km/s. These jets are common features for the seven studied meteors. Precise position
in trajectory, velocity and brightness at each point is available for all seven meteors, because
of double-station records on 85 km base-line. When these meteoroids reached 130 km height,
this diffuse structure of the radiation quickly transformed to usual meteor appearance
resembling moving droplet, and a meteor train started to develop. These meteor phenomena
above 130 km were not recognized before our observations, and they cannot be explained by
standard ablation theory.

INTRODUCTION

In a common opinion the light produced by meteoroid during its interaction with the Earth’s
atmosphere is caused only by the ablation process. The term ablation has the meaning of mass
loss of a meteoroid in form of solid fragmens or of a hot gas, which is responsible for the
observed meteor phenomenon (Ceplecha et al., 1998). Meteoroids entering the denser parts of
atmosphere are heated up very quickly. When the surface temperature reaches about 2200K,
the meteoroid material starts to sublimate from the surface and fills the surroundings of the
body by its hot vapors. Excited states of atoms of these vapors are gradually de-excited by
radiation. Meteor light consists mostly of radiation of discrete emission spectral lines
belonging for the most part to metals and mainly to iron. Besides this, Leonid spectra are also
very rich in atmospheric emissions of O, N, and N, (Borovicka et al., 1999). During this
ablation phase, the meteoroid gradually loses its mass and is increasingly slowing down. The
Leonids belong to the weakest meteoroids from all shower meteors (Spurny et al., 2000) with
very high entering velocity of 71 km/s. This causes that Leonid meteors start their ablation
very high and disintegrate easily in the atmosphere. The highest photographic beginning
altitudes for Leonids are about 130 km (Spurny et al., 2000). Moreover, Fujiwara et al. (1998)
found from video observations for two bright Leonids beginning heights at altitudes of 160
km. This was confirmed in work of Spurny et al., 2000, who found the strong dependence of
beginning heights on initial masses of entering Leonids (Fig.1). The highest ever observed
beginning of a meteor moved up to 200 km for the brightest meteors! However, at these
altitudes the atmospheric conditions are unfavorable to produce any detectable light at all, if
we assume ablation processes as described above. The mean free path of a neutral particle is
about 3 m at an altitude of 130 km, about 25 m at 160 km and more than 500 m (Jursa, 1985)
at 200 km. At such high altitudes there is not enough air molecules to heat and evaporate an
entering meteoroid. But this radiation exists, because we observed it in rather great details.
Our observations call for some sort of an explanation different from radiation by air molecule
impacts onto the surface of a meteoroid. We do not try to present any explanation in this
paper, but we hope that the paper might initiate theoreticians of meteor phenomenon for
proposals explaining mechanisms of diffuse meteor radiation at very high altitudes.



INSTRUMENTS AND OBSERVATIONAL SITES

All data presented in this paper have been taken during the Leonid meteor expedition to China
organized by the Dutch Meteor Society in collaboration with organizers of NASA's Leonid
multi-instrument aircraft campaign (MAC) (Jenniskens and Butow, 1999) in November 1998.
During the exceptional so-called "fireball night" of 1998 November 16/17 we recorded
photographically more than 150 fireballs, but most of these were so low on the horizon that
we have only single-station data. Most of the results based on photographic and all-sky video
experiments were already published (Spurny et al., 2000 and Betlem et al., 1999).

In addition to the reported photographic efforts we also operated a double-station video
experiment with a standard Super VHS and Hi8 camcorders equipped with image intensifiers
(LLTYV systems). We recorded about 300 double-station meteors, data of which have not been
published yet. Moreover, for seven bright events recorded photographically we found
beginning parts of their atmospheric trajectories on video records. This paper deals with these
video data.

Two photographic and video stations were operated from two locations in the province of
Hebei, about 150 km northeast of Beijing. The main station was located at the Xinglong
Observatory, whereas the remote station was set up at Lin Ting Kou, a small village about 85
km to the south of Xinglong station.

Photographic experiments were covered by batteries of 35 mm cameras and all-sky cameras
equipped with fish-eye lenses. Two batteries of 35 mm cameras of type Canon T-70 with
high-quality FD 1.8/50 mm optics were placed at each observing site. This photographic
system covered the sky down from ~60° from the zenith and detected meteors of visual
magnitude +1 or brighter. In addition to this equipment, one all-sky photographic camera was
operated at each station in order to record bright meteors (brighter then -3 magnitude) along
the entire sky. These cameras were equipped with very precise F-Distagon 3,5/30 mm fish-
eye objectives which enabled us to derive positions from one photograph of the whole sky
hemisphere (diameter of image 80 mm) with a precision of one minute of arc or better
anywhere on the picture. Such precision is comparable with the precision of 35 mm cameras
equipped with 50 mm optics. The photographic cameras provided orbital and trajectory data
for the brighter (larger) samples within the Leonid stream.

At Xinglong station, these photographic cameras were accompanied by an all-sky video
system that was used to detect brighter meteor events and to supply the photographic
experiments with the correct time of every fireball. The all-sky video system consists of a
standard Sony Hi-8 camcorder focused on the focal plane of the image intensifier Mullard
XX1332 equipped with a Canon FD 2.8/15 mm fish-eye lens. The system detects meteors of
magnitude +2 and brighter, so all meteors within the photographic range of meteor cameras
are recorded. More detailed description of expedition setup is described in Spurny et al.
(2000).

In addition to these photographic efforts, the results of which were already reported (Betlem
et al. (1999) and Spurny et al. (2000)), the Leonid 1998 expedition operated LLTV cameras at
both stations which were carefully pointed to a well defined area in the sky at about 105 km
height in order to obtain double-station records of the fainter (magnitude +5 to +1) particles in
the Leonid stream. The system used at Xinglong observatory consisted of a Panasonic NV-
S88E commercial video camcorder and a second-generation Russian Dedal 41 image
intensifier equipped with an Arsat photographic lens 1.4/50 mm providing a field of view of
25°. According to detailed study presented by Borovicka et al. (1999), this system is sensitive
in the 330-880 nm range.

Similarly, the video system at the second station Lin Ting Kou consisted from the commercial
Hi8 video camcorder Sony and an image intensifier Mullard XX1332 equipped with a Canon



FD 1.2/85 mm aspherical objective providing a field of view of 25° x 35°. The spectral
coverage is similar as for system used at Xinglong observatory, 1.e. 340 — 880 nm.

The video signal was recorded in S-VHS and Hi8 PAL system giving 25 full frames per
second. A limiting sensitivity of +6.5 apparent stellar magnitude for meteors is estimated for
both systems used.

OBSERVATIONAL DATA
Height scales

When we compared photographed paths in the sky of the bright fireballs with the all-sky
video images we noted, that the starting points of these fireballs were much higher in the
atmosphere on the video records than on the photographic images although the limiting
magnitude for both systems was practically the same. This effect was noted for 12 cases and
the all-sky video data were included in the computations with a low weight in order to get an
impression of the TV beginning heights. These values were reported in Spurny et al. (2000),
where so extremely high beginning altitudes for meteors were published for the first time.

As these values are much higher in the atmosphere than the standard aiming point for the
LLTV double-station cameras we can hardly expect to find double-station video images of
very-high-starting fireballs. However, the beginning of several double-station-photographed
fireballs may be expected on one or the other LLTV video system.

A systematic search in the LLTV video database resulted in finding of seven cases with a
recorded beginning of a bright fireball. Only the LN98002 fireball started out of the field of
view. All seven fireballs were recorded during the night of 1998 November 16/17.

The video images were measured by the semi-automated measuring software developed by
Pavel Koten and they were added to the photographic sets. An accuracy of these
measurements is about 2 minutes of arc, a factor of 3 worse than a standard reduction of a
photographic 50 mm lens. Tables 1 and 2 give the results of these recomputations. Table 1
lists height intervals recorded by different methods used for observations: Fish-eye camera’s
£/3.5/30 mm; 35 mm camera’s f/1.8/50 mm and LLTV recordings.

The LLTV beginnings are amazingly high in the atmosphere. They confirm results found with
the all-sky video system and presented earlier for 12 bright Leonid meteors in Spurny et al.,
(2000). Moreover, three of these 12 Leonids were recorded simultaneously also with the
LLTV system and as this system is more sensitive then the all-sky video system, LLTV
beginning altitudes are for all three common cases substantially higher as illustrated in Fig.1.
Beginning heights determined from the all-sky TV system as they depend on maximum
absolute magnitude for 12 bright Leonid meteors (taken from Spurny et al., 2000) are plotted
in Fig.1 and compared with those with those three meteors detected also by the more sensitive
LLTV system. This difference is 20 km for the LN98011 fireball, 12 km for the LN98023
fireball and 22 km for the LN98043 fireball. It is evident from Fig.1 that at least for the
brightest event recorded only by all-sky TV system, the beginning height from the more
sensitive LLTV system could be significantly higher than 200 km.

Structures in video images at very high altitudes
At very high altitudes the early beginning of bright fireballs show a remarkable structure.

Recordings of our cases start around the limiting magnitude of the LLTV systems, i.e.
magnitude +6. These images show a fuzzy, diffuse spot, rapidly widening and turning into a



well defined V-shape, which remarkably looks like a well developed comet with head and
tail. The head is surrounded by a kind of shock-wave at an angle changing, but around 40
degrees. When the meteors become brighter, conspicuous structures become visible in this
diffuse V-tail behind the meteoroid. In almost all cases several images show clearly visible
jets and streamers. In the case of the LN98023 fireball an arc like a solar protuberance loop is
well present on at least one of the images. This is demonstrated in Fig.2 (the reproduction
might be less illustrative as the original record). This also concerns the set of frames in Fig. 4.

As all investigated cases concern double-station meteors, heights and distances for each
observed point on the meteor trajectory were computed with an accuracy of an order of tens
of meters. This enables us to determine the minimum displacements of the most conspicuous
details. The longest jet was observed for 98023 case up to at least 7 km from the brightest
point of the meteor head. It seems that the jet formed out of the meteor head within one video
frame (0.04 s) indicating an ejection velocity greater then 100 km/s depending on the position
of its origin on the meteoroid body. Significant jets were detected also for the others meteors
and their maximum lengths are 2.5 km for the LN98011 meteor, 6.5 km for the LN98036
meteor and 3.2 km for the LN98043 meteor.

We distinguish three phases according to image appearance for these bright Leonid meteors:
diffuse, intermediate and sharp. "Diffuse image" is a widely dispersed image with very little
light concentration and no clear-cut edges of the image, "sharp image" is an image of a
droplet shape with sharp edges with distinct concentration of light also called meteor head,
and finally "intermediate" image is between both of the above cases and forms for only a very
short time, around a height of about 130 km when the initial diffuse image at high altitudes
transforms quickly to the sharp image of normal meteor head.

We directly observed all these phases in 3 out of 7 cases. Beginning of intermediate phase is
visible also for the 98023 fireball. The intermediate phase is visible for 0.1 to 0.2 seconds
only, and during this period the V-shape collapses fast and the classical drop-like ablation
phase becomes visible. Another common feature for all these four cases is a formation of
meteor train behind the meteor during this period. Atmospheric trajectory data for the 7
fireballs for which the diffuse phase is visible are collected in Table 2. The first column
contains the code of the meteor similarly like in Table 1. The following five columns describe
the whole recorded trajectory. Hg and Hg are the beginning and terminal heights, L is the
total length, T is the duration of the record, S is the slope of the atmospheric trajectory at the
end point, Rg and Rg are the distances of the beginning and terminal points from the
observing site and Mg and Mg are the apparent magnitudes of the beginning and terminal
points. The next three columns contain intervals of heights where the individual phases were
observed. H's and H describe the interval of heights where the diffuse phase was visible
only, H's and H'g describe the interval of heights of the intermediate phase and finally, H% is
the height from which only the "sharp" ablation phase is visible. The following column
contains the maximum observed dimensions of the diffuse tail behind the meteor head. Liax 18
the length along the trajectory (the distance from the brightest point in the meteor head) and
Wiax means the width perpendicular to the direction of motion at the distance Lmax. The last
column contains the value of Hmax , Which is the corresponding height where this maximum
structures were observed. Table 2 shows that the diffuse structures have dimensions in orders
of kilometers for all the recorded cases. We should point out that these dimensions are
minimum values, because we observed each individual structure only from one observing site.
Therefore we are able to determine only distances as they would be perpendicular to the line
of sight.

These structures have not been reported before this paper; only Murray et al. (1999) described
a nebulous appearance for one bright Leonid meteor and estimated the width of their event of
the order of hundred of meters.



We emphasize that instrumental effects are excluded as explanation for our cases, because
meteors of the same brightness detected lower in the atmosphere with the same technique
show sharp, drop-like classical ablation images regardless of their position in the field of
view.

The LN98023 fireball. A detailed study of the observed phenomenon

The LN98023 fireball is the brightest event from all of cases from which the beginnings were
recorded by the LLTV technique. It reached -12.5 maximum absolute magnitude and its
picture taken by the fish-eye photographic camera at Xinglong Observatory is presented in
Fig. 3. The diffuse features near the luminous trail of the fireball are caused by the long
enduring train, which was visible on the all-sky video record at least 30 minutes after the
fireball passage. This is the best case for which the diffuse phase with all types of structures
was recorded by 85 mm LLTV camera at Lin Ting Kou observing site. For this reason we will
describe the evolution of the diffuse phase and individual structures observed for this
extraordinary case in more detail then for the others cases. Its exceptionality consists also in
the recorded range of heights and magnitudes. We have data on this fireball from the
beginning altitude of 195 km down to terminal height of 73 km with a range of apparent
magnitudes from +6.3 to -12.3! Basic atmospheric data for the LLTV video record are
presented in Table 3. NF is the frame number, T is the corresponding time, H and R are
observed height and distance and M,,, is the apparent magnitude. In the last column the
observed structures are described with different letters. D means diffuse appearance, C means
comet-like appearance, J and A correspond to observation of jets and arcs, T means a
formation of the meteor train and I means observation of the intermediate phase.

The total length of LLTV record is 1.20 seconds which corresponds to a total number of 31
frames. The is meteor partly out of the field of view on the last frame no. 32. The fireball
becomes visible on LLTV record near the center of the field of view as a faint +6.3
magnitude diffuse object. After a short and relatively steep beginning increase in brightness a
significant 0.1s long decrease of about one magnitude occurred (Fig. 8). After this short but
well defined minimum of brightness (observed also for several other cases), the brightness of
the meteor gradually grows and the first sign of comet-like appearance becomes visible at an
altitude of 167 km. This quickly changing structure with head and tail is visible up to an
altitude of 135 km, where the meteor train starts to form and the diffuse structure is gradually
disappearing. On the last frame (no.31), the diffuse phase is evidently not so dominant.
Typical diffuse structures for LN98023 fireball are presented in Fig.4, but details are not so
nicely visible as on the original record. The comet-like structure is the most developed in the
interval of frames from 18 to 27 and an arc of minimum distance from the brightest part of
meteor head of 2 km is visible on the frame 22. At least two significant jets are detectable on
the following frame 23 with a minimum distance from the brightest part of the meteor head
5.9 and 5.3 km and having significant transverse components. Let us define the XY
rectangular coordinate system with its origin at the brightest point of a meteor head and let the
X-axis grow in the direction of meteor radiant (opposite direction of meteor flight) and the Y-
axis is positive above the plane containing a meteor path and the observing location. In this
coordinate system the position of the most distant detected point on the first jet is defined with
coordinates x = 4.8 km and y = 3.5 km.

Similarly for the second jet these coordinates are: x = 4.8 km and y = 2.3 km.

These jets were connected very probably with the arc observed on the preceding frame 22 as
they were detected in the same region in respect to the meteor head. Several different jets
were detected also on another frames. The longest jet was detected on the frame 25 up to a



minimum distance of 7 km from the brightest point of the meteor head with a transverse
component of 5 km! It is very difficult to explain this observational fact and to find the
mechanism which can separate material from the meteoroid so widely transverse to the
motion of the meteoroid.

Light curves of video records

The photometric procedure used for the determination of apparent magnitudes of meteors
from video records was developed by Pavel Koten and consists of two parts. During the first
part the calibration curve is constructed, in the second part the meteor signal is measured and
a meteor brightness is determined for each frame. After dark image subtraction, flat-fielding
and reduction, our software identifies positions of stars on the image which are used for the
calibration. This operation is also useful for the computation of a meteor position. The signal
of stars is determined as the summation of pixel intensities over a defined square area around
the star minus background. The logarithm of this value and the catalogue magnitude is
recorded for each star and the calibration curve can be computed. Similarly the signal of the
meteor is measured as the summation of intensity of corresponding pixels minus background.
Finally, the apparent magnitude of the meteor is computed using the calibration curve.

The light curves based on video records are presented for all seven cases on Figs. 5-9. For
practically all cases a decrease in brightness is observed shortly after the beginning. The three
cases LN98013, LN98035 and LN98036, with about the same maximum absolute magnitude
( ~—7) may be well compared. Their records show a minor decrease in brightness of a half of
magnitude at an altitude of about 145 km (Figs. 5-7). A similar feature is shown in the case of
LN98023 which was much brighter (absolute maximum magnitude —12.5) where a decrease
of one magnitude is present at a height of 180 km (Fig.8). In all cases this decrease is
approximately 15 km in height below the first detection of the meteor.

After the classical ablation has taken over the process, the brightness increases almost linearly
with time. This early beginning of the ablation phase at an altitude of about 125 km
coincides nearly with the recording limit of the classical photographic cameras.

Both, the diffuse and the "sharp" ablation phases are recorded for the three above mentioned
cases only. On Figs. 5-7 we can see gradually increasing brightness without any discontinuity
during the intermediate phase. So far the ablation of meteors is a well known and described
process, but the diffuse phase is not yet understood at all.

DISCUSSION

We confirm our previous discovery of extreme beginning heights of bright Leonids up to
height of 200 km and probably higher as all LLTV recorded beginnings are more than 10 km
higher than all-sky video beginnings published in Spurny et al. (2000). These extreme high
parts of bright meteors are visible on video systems only. Detailed images show diffuse
comet-like structures with jets. In one (the brightest) case we detected also well developed arc
with a minimum dimension of 2 km. Material formed in jets is ejected from the meteoroid at
a very high speed and reaches distances up to the order of kilometers from the meteoroid
within one video frame (0.04 s). The intermediate phase is completely recorded for three
cases. Its typical duration is between 0.1 to 0.2 seconds and during this period brightness of a
meteor gradually grows without any discontinuity. We observed fast change of diffuse comet-
like shape into a sharp drop-like shape with a parallel formation of a meteor train. It is not



possible to explain the processes observed during the diffuse phase by the standard ablation
model. They are very probably connected with electromagnetic processes in the upper
atmosphere and with the more complicated structure of entering bodies of cometary origin.
These bodies are probably composed from different kinds of material which is conserved in
different layers of the initial meteoroid. We need further studies and observations to better
understand these new processes connected with the early period of interaction of
interplanetary bodies with the Earth's atmosphere.

Due to its diffuse apparition and possibly its spectral composition these features stayed not
revealed for current photographic techniques. Video shots with higher resolution of the
beginnings of very bright fireballs can be obtained at rare occasions only. The 1998 Leonid
fireball outburst rewarded the Dutch-Czech expedition with seven of those “lucky shots”.
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Spurny et al. Figure captions.

Figure 1. Beginning heights determined from all-sky television system as a function of
maximum absolute magnitude and comparison of these already published results (Spurny et
al., 2000) with three Leonids recorded also by more sensitive LLTV system.

Figure 2. The LN98023 fireball, frame 22 — detection of typical diffuse structures. Field of
view is 5.5° x 4.3°, altitude 150.4 km and distance 170.9 km.

Figure 3. The LN98023 Leonid fireball photographed by the 3.5/30mm fish-eye camera at
Xinglong observatory.

Figure 4. Typical diffuse structures for the LN98023 fireball recorded by the LLTV system.
Field of view of each frame is 6.0° x 4.8°. Altitudes and distances for individual frames are
given in Table 3.

Figure 5. Lightcurve of the LN98013 fireball.

Figure 6. Lightcurve of the LN98035 fireball.

Figure 7. Lightcurves of the LN98036 fireball.

Figure 8. Lightcurve of the LN98023 fireball.

Figure 9. Lightcurves of the LN98002, LN98011 and LN98043 fireballs.

Table 1. Intervals of heights for photographic and video experiments”

Meteor data Intervals of heights (km) for individual observing methods
Meteor No.  Time (UT) Minax FE SC-X SC-L TV-X TV-L

LN90002 16:36:39 -7.6 119.3-103.3 128.9 -102.8 128.2-114.3 148.8 - 141.6

LN98011 18:07:43 -1.5 118.1-953 121.9-96.1 122.2-109.4 - 183.6-151.4
LN98013 18:25:31 -7.1 113.3-95.7 115.4-94.8 - - 1549-113.4
LN98023 19:33:18 -12.5 119.0-73.3 124.2-73.2 124.8-79.5 - 195.0- 130.5
LN98035 20:56:10 (-6.5) - 1153-92.1 102.9-92.2 - 156.7-112.3
LN98036 21:10:33 (-6.5) - 116.3-90.2 117.5-92.6 161.5-131.5 160.1 - 110.1

LN98043 21:42:46 -6.8 115.1-88.2 115.8 - 88.7 119.8 - 87.6 - 178.2-140.3




* M is the maximum absolute magnitude, values in parenthesis are only estimates, FE is the fish-eye camera at Xinglong observatory
(limiting magnitude ~ —3), SC-X are batteries of small photographic cameras (50 mm) at Xing Long observatory (limiting magnitude ~ +1),
SC-L are batteries of small photographic cameras (50 mm) at Lin Ting Kou station (limiting magnitude ~ +1), TV-X is the low light TV
system at Xinglong observatory and TV-L is the low light TV system at Ling Ting Kou station.

Table 2. Atmospheric data from LLTV video records

Meteor No.  Hs(km) L T S Rg(km) Mp  H's(km) Hp(km)  H% Linax (km)  Hinax

Hp(km) (km)  (s)  (deg) Re(km) Mg  H'(km) Hi(km) (km) Wy (km) (km)
LN98002 iﬁ:g 297 041 139 }ig:g ;zé }ﬁ:g - - Té 142
LN98011 1]58132 635 088 303 fgé:g g:; 1]58132 - - f; 160
o mroue owe THHme B
o S0 o amowe WS MMm s
mesoss Eoss o oss ez gy 0T R g s gy
N I TR VR TN VR O ST (R
LN98036X 113611_'55‘ 334 048 640 }ggé g :(6) 1136 11"55< - - }:(7) 137
LN98043 1115‘3% 409 056 680 }32:2 g:g 1115,'3% - - }jé 145

" not real end or beginning (edge of the field of view)

Table 3. Atmospheric data on the LLTV video record of the LN98023 fireball

T H R Observed T H R Observed

NF (s) (km) (km) M structure NF (s) (km) (km) Marp structure
1 0.00 195.0 211.1 6.3 D 17 0.64 1609 179.4 2.1 D,C

2 0.04 192.8 2089 49 D 18 0.68 158.6 1775 2.1 D,C

3 0.08 190.7  206.8 49 D 19 0.72 156.7 1759 2.0 D,C

4 0.12 188.7  204.8 3.9 D 20 0.76 1542  174.0 1.9 D,C

5 0.16 186.6  202.8 42 D 21 0.80 1524 1725 1.9 D,CJ
6 0.20 1842 200.5 4.1 D 22 0.84 1504 1710 1.8 D,C,JA
7 0.24 1823  198.7 4.8 D 23 0.88 1482 1693 1.7 D,C,J
8 0.28 180.2  196.6 49 D 24 0.92 146.1 167.8 1.5 D,CJ
9 0.32 177.9 1945 4.7 D 25 0.96 144.0 166.3 1.4 D,CJ
10 0.36 176.0  192.8 4.1 D 26 1.00 142.0 1648 1.3 D,C,J
11 0.40 173.8  190.7 3.5 D 27 1.04 139.7  163.3 1.2 D,CJ
12 0.44 171.5  188.6 34 D 28 1.08 137.7 1619 1.0 D,C,T?
13 0.48 169.4  186.8 3.1 D 29 1.12 135.6  160.6 1.0 CT
14 0.52 167.3 1849 2.8 D 30 1.16 133.6  159.3 0.9 CLT
15 0.56 165.1  183.0 2.6 D,C 31 1.20 131.7  158.0 0.8 LT
16 0.60 163.1 1813 24 D,C
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