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AIRBORNE METEOR OBSERVATIONS
AT HIGH LATITUDES

SUMMARY

An experiment conducted by the Space Sciences Laboratory of the
Marshall Space Flight Center was placed aboard the 1969 NASA Airborne
Auroral Expedition. The experiment consisted of two low light level TV sys-
tems, an image orthicon and a secondary electron conduction (SEC) vidicon-
intensifier, for the purpose of making meteor and auroral studies. The obser-
vations were undertaken aboard a Convair 990 aircraft at latitudes between
50 and 80 deg.

The meteor data were analyzed with a total of 997 meteors detected.
The meteor flux recorded by the SEC vidicon camera averaged 61. 8 meteors
per hour while that recorded by the image orthicon was 27. 6 meteors per hour.
The vidicon constituted a better meteor detector because of its ability to detect
fast-moving objects. The results indicated that the large majority of meteors
originated in the ecliptic plane with only a relatively small component of high
inclination meteors observed. When displayed with local time, an increase
of meteor rates was apparent in the early morning hours; a peak was reached
around 0400 hr. Additional observations from lower latitudes are required
in order to establish any definite latitude effect. However, the meteor flux
rates obtained during the Auroral Expedition are lower than those recorded in
Arizona in October 1969,

INTRODUCTION

A number of means have been used to investigate the near-earth meteor-
oid environment. Among them, photographic observations [ 1] have provided
considerable information for meteors with masses of 107! g and larger. Pene-
tration sensors located aboard spacecraft have measured the influx rates of
meteoroids in the range from 1076 to 10™° g [2,3]. Radar has been utilized to
investigate meteors with masses of 1072 to 107% g [4].

Severe selection effects [5], however, inherent in the radar data have
led to the desirability of using an alternate, optical means of investigation in
this mass region. Such a means is suggested with the use of low light TV
systems. Observations utilizing these systems have proved their effectiveness
in the gathering of meteor data [6-8]. The use of low light level TV systems
may ultimately extend optical measurements of faint meteors to 107 g. Such a



system coupled with fast optics has been developed for use by the Space Sciences
Laboratory of the Marshall Space Flight Center during the past 2 years.

The Marshall Space Flight Center participated in the 1969 NASA Air-
borne Auroral Expedition for the purpose of making low light level TV obser-
vations of the aurora and of the meteor flux at high latitudes. The experiments
were conducted with the use of an image orthicon and an SEC vidicon-intensifier.
Observations were made between November 24 and December 18, 1969, aboard
NASA 711, a Convair 990 aircraft, flying at altitudes approaching 12 192 m
(40 000 ft). This report will be concerned with the results obtained from the
meteor experiment. The data will serve as input to a comprehensive study of
the meteoroid environment made with low light TV systems. All auroral data
will be presented separately by a different author.

THE EXPERIMENT

Objectives

The Auroral Expedition presented a unique opportunity to observe the
influx rates of meteors at latitudes in excess of 50 deg. In addition, informa-
tion could be gathered regarding diurnal and directional effects upon the data.
The high altitudes flown by the aircraft afforded seeing conditions superior to
those of previous ground-based observations made from Huntsville, Alabama.
Furthermore, the expedition provided one of the first tests of the SEC vidicon
used as a meteor detector as well as the first opportunity to compare the data
obtained with this system to those observed simultaneously with an image
orthicon.

Equipment

The Marshall Space Flight Center experimental equipment consisted of
two low light level TV camera chains: an image orthicon manufactured by
Maryland Telecommunications, Inc., employing a General Electric 7967 tube,
and an SEC vidicon-intensifier fabricated by Commercial Electronics utilizing
a Westinghouse WL 32000 vidicon tube (a WL-30691 tube coupled to a WX
30677 single-stage image intensifier). The image orthicon and the SEC vidicon,
both used for low light level applications, differ in target composition and
construction as well as in the method of signal formation. Descriptions of each
system are available in literature and will not be given here [9, 10]. A bright



meteor observed with the image orthicon is seen in Figure 1. Enlargement of
the meteor image is due to a blooming effect of the tube.

Both cameras were fitted with 105 mm £/0. 75 Delft Rayxar lenses,
Each system was directed at the zenith through an optical glass window, al-
though the optical axes of the two systems were shifted with respect to each
other by approximately 1 deg. A filter box containing an adjustable aperture
was placed in front of each lens in order to examine particular spectiral regions,
The adjustable aperture was used to compensate for the varying intensity of
both the aurora and the nighttime sky background in order to produce an opti-
mum picture. Stray light from inside the aircraft was prevented from reach-
ing the systems by vinyl boots attached between the filter boxes and the windows.

Results were observed on Conrac monitors and were video taped by
Ampex 660 C tape recorders with bandwidths of 4. 2 MHz. Timing and posi-
tional data as well as descriptive comments were recorded on the audio chan-
nels of the video tape. Additional monitors were placed throughout the airplane
to allow other experimenters to correlate their experiments with a real-time
picture of overhead phenomena. A schematic of the experimental apparatus is
portrayed in Figure 2. Figure 3 and 4 show the equipment as actually mounted
aboard the aircraft. The foreground of Figure 3 shows the console containing
camera control units and monitors. The image orthicon appears in the back-
ground above the console and in front of the SEC vidicon.

Approximately 45 hr of data were recorded by each system throughout
a total of 14 flights occurring between November 24 and December 18. Nearly
all flights were made between 50 and 80 deg of latitude. A typical flight path
is shown in Figure 5. Individual observations lasted as long as 6 hr.

ANALYSI|S PROCEDURES

Of the 45 hr of data recorded by each system only 21. 3 and 11. 7 hr of
data recorded by the image orthicon and SEC vidicon, respectively, were con-
sidered usable for meteor analysis. Of these, 10. 6 hr were recorded simul-
taneously. The reduction in time of usable meteor data occurred because of
the stringent requirements concerning the darkness of the nighttime sky needed
for the observation of faint meteors. Analysis was halted at any time that sky
conditions deteriorated to the point where the limiting magnitude of stars was
brighter than 9. 5 or where obfuscating aurora might appear on any part of the
video monitor. Moonlight, aurora, occasional haze, any use of filters, and
occasional equipment failure were contributing factors to unacceptable analy-
sis conditions.



Figure 1. Sequence of photographs taken of a TV monitor as a bright meteor
passed through the field of view of an image orthicon.



WINDOW

MONITOR
/// /
T ————— 4« —APERTURE / 74 /
~———FILTER BOX
“ | ~—————LENS TT®oo 500
O
LLL TV °
VIDEO TAPE U
RECORDER —
OO

CAMERA CONTROL BOX

O OO O,
o 6 o <]

Figure 2. Schematic of equipment used to make TV
observations of meteors and aurora.

Analysis of the video tapes was accomplished manually. Teams of
three or more observers scanned overlapping areas on a TV monitor. When
an event was ascertained as a meteor, its position on the monitor, apparent
direction of flight, notation concerning brightness and speed, and position on
tape (or tape index) were recorded. The universal and local times of each
meteor were calculated from a correlation of timing information and the tape
index.



Figure 3. Actual equipment used aboard the aircraft.

It was found that a second scanning of the vidicon and orthicon video
tapes by the observers increased the total detected number of meteors by an
average 18 percent. A third scanning of the tapes, however, increased the
totals only negligibly. As will be shown later, the SEC vidicon forms a better
meteor detector than does the image orthicon. For this reason, the SEC
vidicon data formed the basis of most analyses performed on the data, and all
vidicon tapes were scanned a second time. Those resulting from image
orthicon observations were scanned only once, A listing of all observed
meteors is found in the appendix.
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Figure 4. Video tape recorders used to record TV observations
stored in the cargo hold.

While the manual scanning of tapes for meteors is somewhat tedious
and time consuming, it is felt that this is the most accurate detection method
available at the present time. The ability of the eye to discern fast moving
objects allows it to distinguish meteors near noise level. To date there is no
automatic means available for the detection of very faint, fast moving objects
on a TV monitor.
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Figure 5. A typical flight path flown by the NASA 711 aircraft
during the 1969 Auroral Expedition.




RESULTS

Comparison of the Two Systems

A total of 997 meteors were observed throughout the expedition by the
two systems. Of these, 328 were observed by both systems; 399, by the SEC
vidicon alone; and 270, by the image orthicon alone. However, these data
include intervals during which only one system was taking data acceptable for
meteor analysis. When only simultaneous observations are considered, the
results indicate that of the 689 meteors recorded 328 were recorded by both
systems; 327, by the SEC vidicon only; and 34, by the image orthicon alone.

The fact that the optical axes of the two cameras were shifted by a
degree may account for most, if not all, of the meteors recorded by the image
orthicon but not seen by the SEC vidicon. However, this cannot account for the
extremely large number of meteors detected by the SEC vidicon alone nor
would the predictable addition of meteors resulting from a second scanning of
image orthicon tapes provide a sufficient increase in numbers. It can only be
concluded that a large number of meteors recorded by the SEC vidicon are
below the detectability threshold of the image orthicon. As both systems are
simultaneously able to detect stars to the same limiting magnitude, the differ-
ence must lie in the relative abilities of the two systems to detect fast moving
objects.

The faster the angular rate of an object at constant brightness, the
fainter it appears to the TV system. This results from the fact that a faster
object has a faster writing speed across the photocathode and hence deposits
fewer photons in each resolving element. The relationship of the log intensity
to the log angular rate when plotted forms a straight line, the slope of which
is dependent upon the nature of the TV system. The slope of this line for an
SEC vidicon is less severe than that for the image orthicon, thus, the better
detectability of the vidicon for fast moving objects. Calibrations of both
systems are continuing in order that a valid comparison might be drawn, the
results of which will be reported in the future.

An example of the relative detecting abilities of the SEC vidicon and
the image orthicon of a very fast moving object is shown in Figures 6a and 6b.
The figures portray the photometric light curves obtained from a meteor
moving across the field of view at 37 deg/sec. While a definite spike is
apparent from the vidicon data, the meteor is lost in the noise during image
orthicon observations.



(b) Image orthicon

Figure 6. Comparison of the light curves of a very fast meteor recorded
by the two TV systems (both scales are 2 V/cm).

The overall flux rate detected by the SEC vidicon during the Auroral
Expedition was 61. 8 meteors per hour. The rate recorded by the image
orthicon was 27. 6 meteors per hour. The fluxes observed during simultaneous
observations were 63. 6 and 35. 1 meteors per hour recorded by the vidicon
and image orthicon, respectively.

i0
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Diurnal Effects

The universal and local times throughout which meteor observations
were made are shown in Figure 7. Occasional breaks in the data are not
denoted. It should be noted that local times of observations are strongly de-
pendent upon the flight path of the aircraft at high latitudes. '"Daytime' obser-
vations were allowable because of the combination of seasonal and high latitude
effects.

The local time distribution of meteoric flux was calculated from a con-
sideration of the universal time and the position of the aircraft during each
moment that a meteor was detected. Depending upon the latitude and the direc-
tion of flight, the rate of progression of iocal time varied considerably with
that of universal time; e. g., a 6-hr flight could conceivably be completed with-
in 1 hr of local time, etc. Once the local time of each meteor was calculated,
a local time distribution was determined. The results are shown in Table 1
where the data for each camera are distributed by flight number giving the
duration of elapsed time spent within each hour of local time, the number of
meteors observed within that time, and the resulting flux. The data for each
hour of local time are then totaled over all flights and the resulting flux for
that hour calculated. These data, forming a composite distribution of all
flights, are then presented in Figure 8.

The figure portrays the hourly meteor flux observed by each system
between the local times of 2000 and 0700 hr. No SEC vidicon results are
available at 0100 hr accounting for the gap at that time. The figure demon-
strates the consistently lower number of meteors recorded by the image
orthicon when compared to the SEC vidicon results.

The ratio of meteor fluxes observed by the SEC vidicon to that of the
image orthicon ranges from 1.78 in the late evening hours to 2. 51 in the early
morning indicating an increase during the early morning hours of a meteor
component with higher angular rates. This is most likely because of the
higher incidence during those hours of meteors with retrograde orbits entering
the terrestrial atmosphere withhigh velocities.

Meteors entering the atmosphere at high velocities will release more
energy per unit time and thus appear brighter. Thus, a number of meteors
with magnitudes below the threshold of detectability at other times will be-
come observable during the early morning hours. This, in part, accounts for
the dramatic increase in meteor rates from 0200 to 0400 hr. The possibility
that the earth actually intercepts more meteors during this interval may also
be a major factor.
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TABLE 1.

LOCAL TIME DISTRIBUTION RESULTS

SEC Vidicon

Image Orthicon

Local Duration Rate Duration Rate
Hour | Flight (min) Number | (no/hr) (min) Number | (no/hr)
1600 11 13. 35 9 40, 4"
Total 13. 35 9 40, 4
1700 11 1.77 3 101, 7
Total 1,77 3 101.7
2000 7 6. 97 3 25. 8 13. 36 2 9.0
Total 6. 97 3 25. 8 13, 36 2 9.0
2100 5 101, 38 17 10.1
7 101. 20 32 19.0 120. 14 36 18.0
8 21.16 9 25.5
Total 101. 20 32 19.0 242. 68 62 15.3
2200 5 38. 45 6 9.4
6 20. 98 8 22.9
7 32. 67 18 33.0 32. 46 12 22, 2
8 29, 25 15 30.8 42,14 11 15.7
9 23.57 11 28.0 33.08 8 14.5
11 16. 97 13 46. 0
Total 102, 46 57 33. 4 167,11 45 16. 2
2300 6 107. 41 76 42.5 201. 83 72 21.4
7 47, 64 39 49,1 68. 48 38 33.3
8 29. 86 14 28. 1 17. 33 6 20. 8
9 8.74 4 27.5 23. 40 5 12,8
Total 193. 65 133 41, 2 311. 04 121 23.3
0000 6 31,24 44 84.5 31.82 18 33.9
8 2.62 4 91. 6 27.55 19 41. 4
Total 33. 86 48 85.1 59. 37 37 37. 4
0100 8 29, 10 16 33.0
9 21,11 13 36.9
Total 50. 21 29 34.7
0200 8 20.21 | 18 53. 4 34.79 20 34.5
9 18. 60 7 22.6
10 15.73 18 68. 7 75. 47 47 37.4
Total 35.94 36 60.1 128.9 74 34.4

13




TABLE i. (Concluded)
SEC Vidicon Image Orthicon
Local Duration Rate Duration Rate
Hour |Flight (min) | Number { (no/hr) (min) Number | (no/hr)
0300 8 31. 85 63 118. 7 43. 28 34 47.1
10 69. 26 112 97.0 68. 22 60 52.8
Total 101, 11 175 103. 8 111,50 94 50. 6
0400 9 8. 32 7 50.5
10 44, 94 122 162.9 44, 16 51 69.3
Total 44, 94 122 162.9 52. 48 58 66. 3
0500 10 30. 95 62 120. 2 27. 67 37 80, 2
13 54, 92 14 15.3
Total 30. 95 62 120. 2 82. 59 51 37.1
0600 13 20,78 23 66. 4 55.35 13 26.0
Total 20,78 23 66. 4 55, 35 13 26.0
0700 12 18.62 24 77.3
13 4,2 2 28.6
Total 18. 62 24 77.3 4,2 2 28. 6

Although a number of flights bordered on the Geminid meteor shower,
this shower is considered to have been a negligible influence on the great
majority of the data. The influx of meteors from the 1969 shower does not
appear to have become a significant factor until after December 10 during which
less than 10 percent of the Auroral meteor data was gathered. Furthermore,
from Table 1 it may be seen that the majority of these data, accumulated during
Flights 11, 12, and 13, gathered outside those local hours comprising the bulk
of meteor data,

Directional Effects

A directional analysis was performed upon the data to determine
whether the results indicated a large component of meteors with orbits of high
inclination or a large component originating in the ecliptic plane. The apparent
direction of each meteor with respect to the monitor was noted, and compensa-
tions were made for the varying directions flown by the aircraft. The results

14
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shown in Figure 9 are displayed by degrees of true azimuth. As all observa-
tions were made at high altitudes, yet not in excess of 80 deg, high inclination
meteors would be observed moving primarily towards the South (or azimuth
180 deg). Figure 9 also displays a strong peak for meteors moving towards
an azimuth of 330 deg with anull located at 120 deg. The ratio of the maximum
to minimum values is a factor of nearly five. No high inclination component
of meteors of any significance is in evidence. Indeed, the pronounced trend

of movement northward does indicate the origination of most of the observed
meteors in the ecliptic plane,

A complicating factor in the observed directional results is once again
the possible role played by the Geminid meteor shower. However, because of
the relatively few observations made during the shower period and the chang-
ing position of the shower radiant with respect to the aircraft at the various
times the observations were made, these data affected the overall results
negligibly.

Latitudinal Effects

Upon examination of the data recorded by the image orthicon, few
decisive conclusions can be maintained concerning the effects of latitude upon
meteor flux. While the highest flux ever recorded by this system occurred
during Flight 10 (nearly 80 in 1 hr), the overall average flux of 28. 6 was
slightly below the average collected from previous observations in Huntsville,
Alabama, latitude 34. 8 deg. A number of factors including the difference in
seeing conditions, local times of observations, and influence of meteor showers
occlude the significance of these values to date,

Comparison of SEC vidicon data taken during the Auroral Expedition
with other similar observations has only recently been available. Eleven
hours of data collected with excellent seeing conditions in October 1969 at
Mt. Hopkins, Arizona, latitude 31. 7 deg, show significantly higher fluxes than
recorded during the Auroral Expedition. Preliminary results indicate the
Mt. Hopkins data averaged nearly 2. 5 times greater than the Auroral results
throughout similar local times. However, these observations were not made
at the zenith, Final analyses of these data are pending and will be reported
in the future. Additional data from other observing sites are presently being
analyzed to gain better statistics concerning a comparison of fluxes obtained
at different latitudes.

16
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CONCLUSIONS

The results concerning meteor observations made with low light level
TV systems during the 1969 NASA Airborne Auroral Expedition indicate that
the SEC vidicon constitutes a superior meteor detector to the image orthicon
because of its ability to discern faster moving objects. The meteor flux
recorded by the SEC vidicon averaged 61. 8 meteors per hour while that de-
tected by the image orthicon was 27. 6 meteors per hour. When displayed with
local time a strong increase in meteor rates is observed during the early
morning hours reaching a maximum at 0400 hr. No significant number of
meteors with high inclination orbits was observed as the large majority of
meteors seemed to originate in the ecliptic plane. The fluxes recorded by the
SEC vidicon are substantially lower than similar results recorded at Mt.
Hopkins in October 1969, but additional observations are needed to establish
a definite latitude effect.

George C. Marshall Space Flight Center
National Aeronautics and Space Administration
Marshall Space Flight Center, Alabama 35812, October 29, 1970
124-09-14-0062

18



APPENDIX

A detailed listing of meteors observed on the 1969 NASA Airborne
Auroral Expedition is presented in this appendix. Some of these data (tape
index, position, brightness, and speed) are for use primarily by the investi-
gators to identify particular meteors. The data are arranged by flight and by
the camera system used in observation. Each meteor is listed by the following
categories:

NO consecutive number of occurrence for each flight
IND tape recorder index at time of occurrence
UT® universal time of occurrence

POS position on the monitor where observed
(L =left; C = center; R = right; T = top; and B = bottom)

DIR direction of motion with respect to the monitor. ( Values are read
as hours on the face of an imaginary clock superimposed on the

face of monitor with 12 o'clock towards the top of the monitor. )

BR estimate of brightness (F = faint; M = medium; B = bright; and
+'s and -'s give additional details. )

SP estimate of speed (F = fast; M = medium; B = bright; and +'s
and -'s give additional details. )

L. T3 local time of occurrence
COR used with image orthicon data only, gives NO of SEC vidicon

data with which meteor is correlated. (Blank spaces indicate
no correlation made. )

1. Below 1000 hr, zeroes preceding hour number are omitted.

19
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36 1234 506 Sy 5 i i 2339
37 1250 908 C 4 F+ F 2340
28 1258 909 3R 5 M F 2340
39 1271 911 RE 5 M F 2341
40 12¢2 713 RO 1 M F 2342
41 1333 9l2 C 2 F F 2344
42 133¢ 1% C 5 F F 2345
43 1240 919 RC 1 M+ S+ 2345
4y 139¢ 926 TL 10 B i 2348
45 1404 927 TR 11 F F 2348
46 1415 928 T 2 8 F 2345
4.7 1416 923 TL 4 F F 2345
48 1417 92¢ BR 11 ", S 2349
b4y 1420 929 TL 2 B M 2349
50 1435 931 BL 4 F+ F 235¢C
51 1439 931 C 5 Vi e 2250
52 1440 931 kC 4 F F 2350
53 1456 933 f¢C 1 F F 2301
54 1471 935 TL 2 Vi S £35&
55 1472 935 LC v M 4 2352
56 1474 935 C i F+ i 25352
57 1480 936 TC 7 A M+ 2353
54 1481 936 LC il F ) 2553
59 1493 938 TC 1 vl it 2353
60 1506 939 RC 5 F F 2354
61 1506 339 RC 4 F 4 2354
62 1599 249 TR 1 E+ 4 2254
63 1517 241 TR 7 F i 23255
64 1531 943 Bl % F+ - 2356
65 1536 943 TC 10 3 i 2356
66 lbbY 946 rRC 11 F i 357
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67 1566 947 C 2 F+ M 2358
68 1566 V47 C 11 F i 2353
69 1574 948 LC 1 "l it 2358
70 1580 949 RC 4 F F 2359
71 1580 949 LC 11 F+ F 2359
72 1581 949 LC 12 M 2359
73 1588 950 iRC 12 VE M 2359
T4 1591 951 TL I B r 2359
75 1593 951 BC 7 M F 2359
76 1598 951 BC 5 F+ F 2359
77 1599 952 bl 10 i M UuouU
78 1613 953 C 1 F+ M QU0
79 le2l 954 C 11 8 M+ 1
80 1623 955 LC 4 F F 1
81 1628 955 Tr 3 F+ M 1
32 1629 356 BC 5 F g 2
83 1641 957 C 1 Fe+ M 2
24 1647 959 TL 6 F F 3
e 1647 952 C 1 F Fe 3
26 1650 950 BL 5 F+ F 3
87 1652 $59 5L 4 A VF 3
e 1653 959 LC 7 F+ o 5)
89 1665 1000 TL 8 F+ M 4
90 1667 1001 BL 1 F M 4
91 1673 1001 BL 12 F M+ 4
92 1674 1002 TL 4 F F 4
93 1678 1002 TR 10 n S+ 4
94 169v 1005 LC 12 F+ M 6
95 1700 1005 C 2 F F 6
6 1709 1006 C 12 VF M 6
27 1709 1006 TR 8 F+ M 5
Ge 1710 1006 RC 11 F F &
99 1714 1007 TR 3 F+ M 7
100 1715 1007 TL o F+ F= 7
1ul 1717 1007 LC 1 F F 7
102 1723 1008 N 6 F F 7
103 1730 100y TR 6 F F 8
104 1732 1009 TC 6 F F 8
105 1733 1010 RC 11 M= S Y
106 1737 1010 LC 1 F+ Y 8
107 1738 1010 LC 11 F+ S+ 8
108 1744 1011 TL 2 F M g
109 1745 1011 BC 12 B M v
110 1749 1012 BC 5 5 M 9
‘111 1786 1017 RC 9 F F 14
112 1788 1017 BK Ll F F 14
113 1789 1017 RC 7 F F 14
114 1791 10ls RC 4 M % 15
115 1796 10138 LC 10 B3 VF 15
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NO IND uT PCS DIK BR SP LT COR
121 941 1043 CT 10 F ™ 355
122 942 1043 LC 11 F F 355
123 945 1043 LB 2 F+ F 355
124 954 1044 TC 12 F+ F 356
125 956 1044 C 1 F F 356
126 957 1044 RC 3 F F 356
127 959 1045 LC 1 VF F 358
128 969 1046 LC 2 F+ F 359
129 973 1046 RC 3 F+ 359
130 974 1046 LC 8 F+ i 359
131 980 1047 LB 5 B M 401
132 981 1047 LC 11l F S 401
133 984 1047 LC 8 F+ S 401
134 991 10438 Le 10 F F 402
135 994 1048 RB 11 F+ F 402
136 997 1049 LC 1 F+ F 404
137 998 1049 C 10 F+ F 404
138 1000 1049 LC 2 F F 404
139 1003 1049 RC 1 F F 404
14y 1004 1049 t3C 12 F F 404
141 1005 1050 LT 11 F F 405
la2 1007 10540 LC 8 F+ M 405
143 1011 1050 RC 4 F+ M 405
la4 1017 1051 rC 9 F M 407
145 lo2v 1051 TL 1 F M 407
146 1021l 1051 BC 5 F M 407
147 1022 1051 TL 3 F M 407
148 1024 1052 BC 7 F ¥ 408
149 1035 1053 BL 11 F Y 410
150 1037 1053 C 2 F F 410
151 lu3g 1053 RT 12 F F 410
152 1059 1054 LC 11 M F 411l
153 1052 1055 & C 4 F+ M 413
154 1059 1055 Bl 12 F o 413
155 1063 1056 8C 1 F F 414
156 1064 1056 Te 8 F+ M 4la
157 1065 1006 BR 10 F B 4l4a
158 1078 1357 RrC 1 F F 416
159 1082 1058 LC 11 K7 F 417
160 lou82 1058 < 2 F F 417
161 1083 1058 BC 11 F+ F 417
le2 10e4 1058 TR Y F M 417
163 1086 1058 C 11l F F 417
164 1068 1059 LT 9 F M 419
165 1089 1059 RC 1 F F 419
166 1090 1059 RC 12 F F 419
le7 1096 1059 C 11 F 419
168 1101 1100 Le i F F 420
169 1102 1100 LC 7 4 i 420

38



NO

170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
lg8é
187
188
189
150
191
192
193
194
195
196
197
198
199
2Q0
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218

IMND
1103
1105
1107
1110
1112
1124
1130
1132
1133
1136
1139
1139
1141
l1l42
1142
1143
1145
1158
1162
1168
1168
1179
1180
1184
1199
1201
1204
1205
1206
1208
1210
1215
1222
1227
1227
1230
1236
1238
1240
1241
1242
1246
1249
1263
1264
1268
1270
1271
1273

uT

1100
1100
1101
1101
1101
1103
1103
1104
1104
1104
1104
1104
1105
1105
1105
1105
1105
1106
1107
1108
1108
1109
1109
1109
1111
1111
1112
1112
1112
1112
1112
1113
1114
1114
1114
1115
1115
1116
1116
1116
1116
1117
1117
1119
1119
1119
1119
1120
1120

PGS
LC
TL
LcC
BL
TL
LC
BC
BL
TR
LC
BL
Bl
Bl
TL
RB
RC
LC
RC
BC

LT
BC
TC
BC
RT
BR
RC
gL
BR
TL
B8R
TC
TR
LcC
TC
TC
LC
TC
TC
RC
RC
BL
TL
LB
LC
Bl

RC
Tk

DIR

— e - — —
O R OOURNWL PN

X N~"NLONDPLVNVNIONU NCLSFECCATVM YN ~NOCJONE OO

< = T
| m m M+ NN m

|
+ +

n

-n

-n
TN NI NI TN

SP

t4

M

W £ e £ M 1R

m=ETn

LT

420
420
422
422
422
425
425
426
426
426
426
426
428
428
428
428
428
430
432
434
434
435
435
435
438
438
439
439
439
439
439
449
441
44
441
44
442
443
443
443
443
444
444
447
447
447
447
448
448

COK

39



NO I JT POS DIR BR SP LT COR|
219 1275 1120 C 8 F 448 !
220 1276 1120 C 1 F+ 448
221 1276 1120 C 7 F VF 443
222 1277 1120 C 9 F F 4438
223 1278 1120 C Y F 448
224 1278 1120 RC 4 3 b4
225 1278 1120 C 3 F 443
226 1279 ll2l RC 4 F 449
227 1279 1121 BC 7 F 449
228 1280 1121 C 7 F 449
229 1281 1121 LC 4 M H 44y
230 1290 1122 BL ) M 450
231 1293 1122 BC 10 F+ 450
232 1297 1123 C 7 F F 451
233 1297 1123 LT 1V F+ 451
234 1297 1123 TC 7 F 451
235 1298 1123 BC 7 F 451
236 1301 1123 2 7 F+ F 451
237 1303 1123 LC 7 F F 451
238 1320 1125 TC 4 M M 454
239 1324 1126 C 9 F F 455
240 1327 1126 RC 6 F F 455
241 1331 1127 BL 10 F F 456
242 1332 1127 TL 2 F VS 456
243 1334 1127 RC 8 F y 456
244 1335 1127 TR 4 Fe F 456
245 1339 1128 BK 6 F F 457
2646 1343 1128 TL 10 F F 457
247 1345 1128 RC 1 F F 457
248 1346 1129 RC 7 3 M 458
249 1348 1129 TR 1 F F 458
250 1348 1129 TL 9 F F 458
251 1353 1129 TL 1 Men M 458
252 1355 1130 C 8 Fe+ F 459
253 1368 1131 BC 7 F+ F 500
254 1374 1132 BL 8 Me F 501
255 1374 1132 BC 7 M M 501
256 1377 1132 BR 6 F F 501
257 1378 1132 C 4 F M 501
258 1380 1133 LB 8 M M 503
259 1385 1133 LB 11 F+ M 503
260 1388 1134 TR 5 M M 504
261 1391 1134 LB 10 F F 504
262 1394 1134 TR 4 F F 504
263 1398 1135 BC 7 F F 505
264 1402 1135 C 2 Fe+ F 505
265 1413 1137 RC 4 M+ M 507
266 1413 1137 BL 7 A F 507
267 1417 1137 BL 11 F S 507
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