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Two-station television observations of Perseid meteors
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Summary. The predictions of the dustball meteor ablation theory of lHawkes
& Jones have been tested using data from two-station television observations
of meteors made during the 1977 and 1978 displays of the Perseid meteor
shower, The metcor velocities and the heights al which each meteor began
and ended, together with the heights of maximum brightness, were
determined for 39 Perseid meteors in the magnitude range M, =+4 to —2.
The beginning heights (/i) were found to be independeni of meteor
magnitude; they ranged from 105 to 115 km, with a mean value of hp=
110+ 1 km. The end heights (4g) and the heights of maximum brightness
(/1p1) were independent of meteor magnitude only up to a critical magnitude
M, =0 (corresponding to a meteoroid of critical mass ~ 2 x 107* kg). Their
mean values were fip =99+ 1 km and /1y =103 # 1 km respectively. For
meteors brighter than M, = 0, i and /1 were, on average, significantly lower
than these mean levels, in good qualitative agreement with dustball theory.

By assuming that, at the critical mass, dustball meteoroids disintegrate into
their constituent grains just before ablation starts, we find that 3 —9 x 10°
Jkg™ s required to disintegrate Perseid dustball material. This value is
several times lower than the value adopted by Hawkes & Jones (1 -6 x 10°
Jkg™'), suggesting that Perseid material is weaker than the material
considered in the theory of dustball ablation.

1 Introduction

The orbits of most meteor showers coincide closely with the orbits of comets (Lovell 1954).
This was [irst established in 1866 by Schiaparelli who noted the similarity of the orbit of the
Perseids with lhat of Comet Swift—Tuttle (1862 III). Thus it is thought that shower
meleoroids are particles ejected from a parent comet and so we expect them to have a
structure which is consistent with a cometary origin. [t is generally thought that the main
component of a comet is a body (the nucleus) about 1 km in size, composed of a mixture of
ices (water, carbon dioxide, ammonia) and dust; this is the ‘dirty snowball’ mixture first
proposed by Whipple (1950). When the comet is close to the Sun (< 3 AU) the ices sublime,
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releasing dust particles into space. These dust particles are belicved to be the shower
meteoroids.

Tacchia (1955) was the first Lo propose a theory of meteoroid structure based on anorigin
in a ‘dirty snowball” comet. He proposed the lerm “fragile conglomerate’ 1o describe this
type of meteoroid, but the simpler term ¢dustball’ has come 10 be widely used in its place.
The dustball theory assumes that metecroids are composed of tiny grains (radius < 0.1 mm)
of stony material which are weakly pound together. Thus cn entering the atmosphere the
meteoroid rapidly fragments into these fundamental grains, which then ablate independently.

Until recently, most discussion of the ablation of dustball meteoroids was qualitative but
in 1975 Hawkes & Jones (19752) published a quantitative theory for dustball ablation. They
proposed 4 simple model in which the fundamental grains (radius ~ (.07 mm) are held
together by a comparatively low melting point ‘glue’ (melting femperature ~ 1300K). In
this model the meteoroid ablates in two stages. First, the glue melts releasing the grains;
there is no light emission at this stage. Secondly the grains are lieated to a high temperature
and then ablate producing the meteoric light emission. Hawkes & Jones made two important
predictions from this model.

(i) The beginning height s of the meleor (that is the height at which light emission
starts) should be independent of the size of the meteoroid. Light emission starts when the
surface temperature of the released grains reaches the boiling temperature of the grain
material. For small particles (radius < 0.1 mm) this is controlled by the amount of heat lost
by thermal radiation and the boiling temperature is reached at a height which is independent
of the grain size and is a function only of the meteoroid velocity (Jones & Kaiser 1966).
Thus all dustball meteoroids of the same velocity should become visible at the same height.
(i) There should be a significant difference between the behaviour of large and small
dustball meteoroids. Small dustballs should fragment completely before tie ablation of the
grains begins, whereas, in large dustballs, grains would continue to be released from the |
meteoroid after the onset of grain ablation. Consequently the end lieight /1y and the height |
of maximum light /iy of the meteor should be independent of mass for a small meteoroid, '
since its light curve is simply the sum of the light curves of a set of independently ablating
grains. For larger meteoroids, as the mass increascs, more and more grains are relcased after
the onset of ablation, 5o /iy and lig decrease with increasing meteoroid mass. A meleoroid of
the critical mass n. should just fragment at the beginning height /ig. These results are
ilustrated in Fig. 1. The critical mass is dependent on the meteor velocity and is expected to
have values in the range 107* to 107 kg.
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Iigure 1, The mass dependence of beginning heights (ip), heights of maximum light (/1) and end heights

(i) predicted for dustball meteors.
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We have tested this theory by comparing its predictions apainst observations of Perseid
meteors. For (hese data the meteoroid mass {s the major variable and, since the velocity 18
a‘\"f: constant, the mass can be represented by the meteor magnitude. We can now test the dust-

ball ablation theory by plotting graphs of beginning height, height of maximum light and
i end height against the meleot magnitude. This ghould give a graph similar to Fig. L. The
k;%r/\ T critical magnitude at which iy and g begin to decrease can be measured off the graph and
{he critical mass e, corresponding to the critical magnitude, can be estimated using the
relation given by Hughes (1978).

Once we know /e we can estimate X, the amount of energy required to fragment unit
mass of dustball material. We must first derive an expression for the height sip at which
[ragmeitation of dustball meteoroids is complete. To do this we calculate the energy input
from atmospheric healing and equate this to the energy required to fragment the meteoroid.
\We assume that (he meteoroid is 2 sphere of radius ¥ (initial value ro) and density d and has
velocily U. p(h) is the air density at height /1. The powet input from atmospheric heating is

did
U L aliuiar?, ()
dt
where we have assumed a heal (ransfer coefficient of unity and neglected the heat loss due
(o radiation. Jones & Kaiser (1966) have shown that {his radiation loss is not important for
Jarge bodies (r»0.1 mum) such as the parent meteoroid.
If Z is the zenilh angle of the meteor trajectory then V=" (dh/dt),’cosz and so we can
rewrile equation (1)as
I dE p(h)u’m'1 dh
B T -
| dt 2cosZ dt
To calculate how this power ablates the meteoroid, we must consider the effect of the
{hermal conductivily of the meteoroid material. To simplify the problem we treat only the
twao extreme cases.

Case 1. The thermal conductivity is sufficiently high that heat is rapidly conducted into the
interior of the meteoroid during ablation. In this case the meteoroid will heat up iso-
(hermally and will disintegrate almost instantaneously when the boiling temperature of the
dusiball ‘glue’ is reached. This requires 2 total energy input

E=tmrd X d. (3)
By integraling equation (2) under the assumption of an exponentially scaled qlnmsphere

of scale height /1, we obtain another expression for L. By equating {hese we obtain the
following expression

8 XdcosZro

0 ey 4)

Case 2. The thermal conductivily of the material is very low, so that at any instant only the
surface layer is heated. In this case the meteoroid fragments layer by layer and we can write

dt dt’ )
By combining equations (2) and (5) and integraling we oblain the expression
8§ XdcosZry
Bip)=E e (6)
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Thus we obtain a formula for &

- Cp(hp)HV?

8rodcosl
where C is a factor which varies between 1 and 3 according to the thermal conductivity of
the meteoroid material.

Since Jijy = fip when the meteoroid has the critical mass we can determine all the terms on
the right-hand side of equation (7). The air density and scale heights are taken from standard
atmosphere tables (COSPAR 1972). The meteorold densily for Perseids is taken from
Hughes (1978) and the radius ro is then calculated from the critical mass. The velocity and
zenith distance are measured directly. Thus we can estimate the value of X to within the 704

factor of 3 set by C. j

2 Experimental data

(M)

The meteor observations reported in this paper were made with a two-station low-light
television camera system. One (elevision camera Wis 4 Marconi Instruments lmage Isocon,
This used an English Electric P850 image isocon tube, which had a photocathode with an
extended red (S25) spectral response. An f11.4 Wray lens of 102-mm focal length was used,

Sl
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giving a 30° by 20° field of view. The other (elevision camera was a Grant and Taylor kfp

GT50/NV Silicon Intensified Target (SIT) television camera, which used an RCA 4804 SIT
tube with an S20ER photocathode spectral response (similar to S25). An f/0.78 Canon lens
of 25-mum focal length was used, giving a 20° by 15° field of view.

These TV cameras are quite sensitive; in ideal conditions they can record stars down to
visual magnitude +7.5 (SIT) and +8.5 (isocon) respectively. For observations of melcors the
limiting magnitudes move to brighter levels because TV cameras respond poorly to rapidly
moving objects. Both cameras can record meleors only down to a limiting magnitude +7.
(The SIT camera compensales for its worse sensilivity by having a better time response
than the isocon.) Finally, we must note that conditions were not ideal for these observations
as atmospheric haze reduced the limiting magnitude still further to magnitude +6.

The television cameras were operaled at sites in southern England during the Perseid
displays of 1977 and 1978. The isocon camera was operated at Southampton (50° S6'N,
1°24'W), while the SIT camera was operated at a site to the nortl — in 1977 Harwell
(51°35'N, 1°20'W) and in 1978 South Wonston ncar Winchester (51°7'N, 1°20"W). The
times of observations are shown in Table 1 together with the number of two-station meteors
recorded during each session.

The heights, velocities and radiants of these metcors were calculated by triangulation
against the star background. We estimate that our meteor heights are accurate to 1 km, our
velocities to within 2 kms™* and radiants to +3°. The peak brightness of each meteor
(expressed as an apparent magnitude myy) was estimated by comparison with the stars on
the TV screen (Hawkes & Jones 1975b). We estimate the error to be about half a magnitude.

Table 1. Distribulion of observalions.

Night of observations Observations Observations Hours ol Number of
started at ended at observalion meleors
1977 August 11/12 2300 oloo 2 4
0145 0315 14 1G
1977 August 12/13 2300 0315 4% 6
1978 August 12/13 0045 0315 3 19

All times are expressed in UT.
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TABLE T. VIDICON CAMERA METECRS
I.D. No. BT R.A. d{(R.4.) Dec. d{dec) Vobs. dV Yinf Vg cosx Mag log(mass) Hb Hm He Type
310506001 243230 03 3322 220 4345 0090 43T 4203 0.729 5.5 =3.77 106 98 96 C2
510506002 244.2 0.5 =3.3 2.0 37.9 0.5 38.1 36.4 0.661 2.5 =2.43 106 99 93 Cl
51EO06CO3 220 .5 0.5 =cF: iFaD 302 3:0¢ A0ss: 2BL5 ., 0.712 6.8 -3.81 99 95 945 Cl
810506004 2870 0.5 12.l 2.0 2B.9 6.0 99.% 97.1 G.809 6.7 =ais2 97 ‘95 94 ¢l
210506003 233.6. 0.5 20.8 2.0 47.3 1.4 47.7 46.4 0.920 3.8 =4.33 99 985 87 A
310506006 276.3 0.5 65.2 2.0 13.8 0.3 14.7 9.5 0.379 6.9 =2:25 88 B1 76 (1
SINSNECOT 358.3 0.5 80.0 2.0 21-4 2.6 21.8B 18.7 0.640 2.3 =-0.34 112: "9 87 Cl
510506068 00:53:03 325.2. 0.5 80.0 2.0 o s A o T N b o VR 172 AL 0.710 5.7 =2.45 91 91 B4 A
810506009 01:29:26 265.9 055 =1143 230 6.6 0.3 17.1 12.9 0.619 5.9 -2.01 93 92 B6 C1
810506010 0l:32:4c 290.6 0.5 20.0 2.0 45.5 0.7 45.7 44.3 0.690 4.7 -3.05 108 100 97 2
810506011 148 1550 Ol 66.6 2.0 20.2 DS 2028 TS D.520 5.0 —=1.49 92 89 85 Cl
2 3105056512 392.3 05 -2.7 2.0 T2 1.4 72.4 71.5 £.390 3.3 =3.34 117 110 105 c2
510506013 162.6 0.5 6.4 2.0 66.8 0.7 67.0 E6.0 0.140 4.5 -1.96 = L s =
310506014 1.4 0iy 75.4 2.0 21.0, 0.5 216 (I8.5 0.661 3.6 -2.60 95 94 83 (1
210506015 338.5 0.5 =74 2.0 69.4 0.6 69.5 68.6 0.030 3.6 e 122 E Y == €2
510506016 3i2.1 0.5 75.6 2.0 19.7 03 2007 174 0.800 fizg =-2.48 88 87 9G¥ K
810306617 IRLT 0.5 22.8 2.0 32.3 DuB 32.5 30.6 0.871 5.5 -3.38 102 100 100 cC1
510506018 271.0 0.5 § L e 00 B9 1:0) 2993 2751 0.889 6.2 =3.40 57 97, g0 e
6105056019 300.0 0.5 45.2 2.0 33.6 D.4 34.7 32.3 0.879 5.4 =2.86 95. 293: ‘Bl A
810506020 57.6 0.5 28.6 2.0 33.2 0.3 3. 3108 0.200 3.1 — = 935 92 =
810506021 02:50:42 266.8 0.5 34.0 2.0 23.5 0.8 23.8 21.0 0.979 6.6 -2.66 97, 297 “TF BL
810506022 03:10:37 159.2 0.5 28 f2.0 ab.4 1.0 Hb6.6 65.6 0-170 3.3 e 108 108 - A
B10505022 03:13:04 135.8 0.5 63.8 2.0 137 D&5 151 10&] 0.570 6.0 =-1.77 83 81 7B &
810306034 03:16:12 258.2 0.5 15<7 320 47.7 1.0 4B.1 46.8 0.889 4.8 -3.30 96 ‘87 81 A
B1050502% 03:17:05 14251 045 Ik 2N 65.2 0.6 64.4 63.4 ©.010 1.6 -2.h/8 107 107 107 &
810506026 03:17:133 s i E e 54.6 2.0 36T Be5 569 13552 0.339 3.9 =2.43 107 98 90 C1
310506027 03:34:12 299.1 0.3 11.2 2.0 60.9 0.7 AL.2 602 0.780 4.1 =3.74 100 97 S0 &
610506028 03:34:15 338.8 0.3 =12 SR 64.5 0.8 564.8 63.8 0.280 5.0 -3.64 106 100 97 a
810506029 G3:47:41 332.4 0.3 10.3. 2.0 50.4 0.4 50.6 49.3 0.619 3.2 =3.14 110 102 101 c2
810506030 03:554:24 I34.5 0.5 =-2.1 2.0 28.1 0.4 28.3 26.3 C.719 5.8 -3.01 9% 98 92 Cl
510506031 03:57:38 2EL.2 QS -b.4 2.0 27.0 0:4 27.5 25.1 0.360 5.2 =212 83 98 92 (1
810506032 03:38:48 210.8 0.3 40.5 2.0 183 006 19.00 15:3 C.750 5.4 -2.09 89 85 82 a
B10506033 04:02:34 %8 05 Lo 2uh 181 03 FR:5 148 0.629 1.4 -0.85 99 09 @R (Ci
310626001 22:43:08 8Tl B 50.4 2.0 3%.6 08 39,83 38.2 0.480 4. =3.15 10 101 95 clL
810626002 22:55:12 3223 BEh 63.7 2.0 10.7. D.6- 2. -7 0.510 6.8 =147 85 82 V6 C1

TABLE I. VIDICON CAMERA METEORS

1.D. No. E:5.T. R.A. d(R.A.) Dec. d{dec) Vobs. dV vinf Vg cos x Mag log(mass) Hb Hm He Type

810626003 22:55:42 261.1 0.5 50.2 2.0 12.7 0.5 13.5 7.8 0.991 4.7 G 82 81 75 A
810626004 22:59:00 274.7 0.5 -15.0 2.0 21.3; ‘0.3 22.2 19.2 0.539 4.1 -1.93 88 85 77 A
810626005 23:05:28 305.2 0.5 -15.4 2.0 40.8 0.4 41.3 39.7 D-.290 3.3 =2.05 96 93¢ 92 A
810729001 23:59:47 289.4 0.2 41.7 1.0 22.7 0.7 23.0 20.} 0.991 5.0 =2.70 103" 089 adic
810730001 00:02:15 340.7 0.1 =-17.4 0.4 40.6 0.3 41.1 39.5 0.362 3.8 e g L9l S
810730002 00:03:56 302.7 0.3 —23.h 1.0: 2200 0:4 29l 19u7 0. 468 Dy =250 93 91 88 1
810730003 00:04:49 18.0 0.7 59.8 0.5 68.7 0.2 6B.8 67.8 0.687 3.4 =3.32 113 102 9% (2
810730004 00:10:08 285.1 0.7 24.2 4.4 21.1° 0.7 21.5 18.3 0.925 3.0 =2451 99 98 90 cC1
810730005 00:11:21 424 0.1 -23.7 1.3 43.4 0.3 43.7 42.2 0.275 2.6 — o 94 87 -
B10730006 O00:14:45 344.0 0.4 -12.8 3.6 40.1 0.5 40.4 38.8 0.424 4.2 = = Bl 8B =
810730007 00:27:15 338.7 0.2 -22.2 0.9 39.4 0.4 35%.9 38.3 0.343 4.1 =2.84 92 90 86 A
810730008 00:39:44 izz.y 0.2 13.4 3.9 23.7 0.4 24.5 21.8 0.836 5.4 =2.58 86 B0 75 A
810730009 00:41:41 32.2 0.3 34.8 0.7 67.3 0.6 67.6 66.7 0.498 3.9 -3.34 103 96 92 4
> - 810730010 00:43:59 337.4 0.3 37.2 4.2 39.4 1.8 39.7 38.1 0.940 5.0 -3.23 102 97 93 1
: 810730011 00:55:34 344.1 0.2 0.5 0.7 11.7 0.4 12.7 6.0 0.916 6.5 =1.79 85 76 65 €1
E 810730012 0L:02:50 349.3 1.3 -40.3 3.3 45.1 0.6 45.4 44.0 0.058 3.1 o 102 101 - 4
4 = 810730013 01:05:58 339.% 0.3 ~14.6 2.1 40.2 0.3 40.7 39.) 0.501 3.4 -2.65 96 90 B5 4
4 B10730014 01:14:31 342.6 0.1 40.3 3.5 3.2 1.8 36.7 35.0 0.957 4.5 =3.41 93 89 86 4
810730015 01:21:34 345.0 0.3 -23.8 2.8 45.6 0.5 46.0 44.7 0.356 3.6 = 98 96 - A
: 810730016 01:21:49 337.8 0.1 -18.0 1.1 42.6 0.3 43.1 41.6 0.473 4.3 -2.87 99 93 85 A
E 810730017 01:25:29 338.5 Q.1 =3 A lied 4.4 0.4 44.B 43.4 0.667 4.5 -2.92 98 03 LR A
810730018 01:27:40  338.2 0.1 =&z Ul 47.3 0.4 &7.56 46.2 0.661 2.9 = i 9% - -
810730019 01:30:33 12.8 2.9 53.5 3.3 43.B 2.6 50.2 48.9 0.339 5.3 -3.82 94 93 88 4
810730020 01:35:03 250.2 0.6 33.1 0.4 1.4 0.9 13.0 6.7 0.811 349 =219 78 M 13 A
810730021 22:45:39 309,27 Dul 11.6 1.8 15.4 0.4 16.2 11.7 0.330 5.5 =2.02 90 85 83 c1
810730022 22:47:00 352.4 1.0 -13.6 6.5 36.2 0.5 36.5 34.8 0.144 4.2 = e ] LS S
3 810730023 22:47:28 241.4 0.5 57.6 0.4 17.2 1.1 17.9 14.0 0.895 5.8 =2.40 90 B7 B84 cC1
E B10730024 22:51:55 300.5 0.1 -3.1 0.4 23.3 0.2 24.0 21.3 0.732 4.7 -2.00 95 88 Bl €1
: 810730025 23:03:50 366.6 0.1 3.8 1.3 25.6 0.5 27.1 24.6 0.757 5.0 =2.61 97 94 .87 C1
1 B10730026 23:08:28 2%0.3 0.1 20.8 0.4 17.4 0.3 18.5 14.7 0.938 5.4 =-2.06 82 B2 &8 &
; 810730027 23:12:34 313.C 0.1 6.5 0.4 31.7 1.2 32.1 30.1 0.760 0.1 e - 85 gZ =
810730028 23:12:54 274.0 0.2 76.0 0.1 28.1 0.8 28.4 26.1 0.847 6.3 -2.82 105 92 83 (1
810730029 23:21:40 365.3 0.1 0.7 0.3 24.7 0.3 25,2 22.5 0.745 2.5 == = 89 B1 -
B10730030 :3:254:03 5.8 0.4 15.6 0.9 55.4 0.4 355.5 54.4 0.408 3.5 — 117 1100 - c2
810730031 23:22:46 327.1 0.2 4.3 2.3 45.3 0.3 40.5 48.2 D.656 4.2 =3.24 112 107 102 c2
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TABLE I. YIDICON CAMERA METEORS

I.D- No. E.5.T. R.A. d(R.A.) Dec. d{dec) Vobs. dV Vinf Vg cos A Map log(mass) Hb Hm He Type
810730032 23:22:46 327.1 0.2 4.2 2.3 £9.0 0.8 49.2 47.9 0.661 4.2 =-3.23 111 106 102 C2
810730033 23:36:28  340.4 0.3 -1B.6 1.2 40.6 0.3 40.9 39.3 n.307 3.9 — = SRBOY e e
810730034 23:39:37 300.2 0.4 -40.7 4.1 17.3 0.2 18.4 1l4.6 0.272 e -1.33 2 80 78 A
810730035 23:39:43  238.5 0.4 18:9: 1.7 14.2 0.5 14.8 9.6 0.710 5.9 -2.08 93 91 87 CI
810730036 23:40:28 294.8 0.2 17.4 4.4 25.8 0.5 24.6 21.% 0.910 5.5 =3.49 877 e T A
810730037 23:43:02 325.1 0.7 69.4 0.2 40.8 1.1 41.0 39.4 0.873 5.1 =3.04 171 Eps: g2 gl
810730038 23:44:41 339.2 0.1 -15.3 0.3 39.9 0.3 40.2 38.6 0.377 4.2 —_ - s - L=
810730039 23:44:53  289.2 2.7 74.2 0.2 31.5 1.3 31.8 29:7 0.863 5.3 -2.96 103 98 91 C1
810730040 23:49:17 - 321.7 0.1 -10.2 0.4 12.5 8.3 13.5 7.5 0.705 5.9 =1.77 83 Bl 71 A
810730041 23:50:39 133 1:8 64.5 0.7 59.8 0.6 59.9 58.9 0.713 b4 -3.27 112 103 90 C2 2
810730042 23:58:3%9 354.6 0.2 =-29.5 0.8 47.7 0.4 4B.0 46.6 0.075 .2 ~2.89 103 102 101 A
810731001 00:04:02 297.4 0.1 25.5 0.4 19.7 0.6 20.7 17.4 0.957 5.8 -2.38 i - Y BT
810731002 00:06:05 T8 252 796 -0&l 43.0 0.6 43.2 41.7 Q.740 4.3 -2.86 107 94 85 C2
810731003 00:17:15 316.C 0.1 1.8 0.4 3.0 0.4 33.4 31.4 0.755 L L ) 101 94 88 Cl
810731004 00:20:13 312.2 0.1 -24.8 1.2 28.3 0.4 29.0 26.7 0.418 £.5 91 8% - A
810731005 00:31:37 315.8 0.8 54.0 3.6 108 1aTE 11l:5 2.7 0.991 1.9 - 87 82 79 £}
810731006 00:35:07 339.0 0.1 40.3 3.2 13.4 0.8 14.0 B.4 0.951 6.2 — 89 86 83 Cl
810731007 00:40:59 340.6 0.6 -12.9 6.9 22.6 0.8 23.0 20.0 0.535 5.8 —_ 105 102 101 Cl1
810731008 00:41:10 326.8 0.1 28.1 1.3 39.9 5.0 40.1 38.5 0.946 -0.1 S 113 112 B84 Cl
B10731009 00:41:37 40.0 0.4 42.1 0.8 67-5 0.5 67.6 66.7 0.492 -0.9 e 121 111 104 C2
B10731010 00:49:30 299.2 0.4 55.7 06 30.5 1.0 30.8 28.6 0.964 2.2 —_ 107 98 87 Q1
810731011 ©00:55:45 337.5 0.1 26.6 3.4 025 CBsRE ST 10 0.923 3.7 — 95 89 86 CI
810731012 00:56:53 33551 O T 21.8 7.6 36.4 0.5 36.6 34.9 0.E99 3.7 =2.86 107 101 89 Cl
810731013 01:08:51 s AL P 0 53.8 0.6 56.3 5.0 56.4 55.3 0.6b64 L0 -3.32 110 109 101 ¢z
810731014 01:09:11 136.8 0.1 -17.2 2.9 31.0 0.4 31.4 29.3 0.495 &.3 —_ o) Br B3 -
810731015 01:16:58 65.1 0.1 9.3 0.3 8.4 0.1 9.8 0.0 0.534 5.4 -0.82 79 75 68 1
810731016 01:20:59 338.7 0.2 0.4 3.3 17.2 0.5 8.6 14.B 0.748 5.5 =223 el 8§ 84 Cl
B10731017 O01:26:18 33705 0el  =11u5 Q.¥ 39.8 0.3 40.1 38.5 0.575 22 - = 94 Bl -
810731018 01:2%9:31 8.6 0.4 312 1<h 73.7 1.0 73.8 73.0 0.805 -0.1 G 117 107 96 C2
810731019 01:32:41 35246 1.3 19.2 15:.3 22.2 0.6 22.8 19.8 0.859 5.7 -2.96 o5- a1 BTN Sg
810731020 01:33:03 307.0 0.9 =1B.6 5.l 15.7 0.6 6.2 11.7 0.574 5.1 -2.04 95 30493 ‘ci
810731021 0L:35:55 293.8 0.8 =41.3 2.6 24.0 D.3 24.3 21.6 0.114 3.5 i 9% 56 - Ci
B10731022 01:41:29 33%.1 0.1 -21.0 1.1 43.1 0.6 43.4 461.9 0.440 4.0 -— 161 95 = &
810731023 01:43:15 33g.1 0.1 6.8 1.8 48.0 0.5 48.3 46.9 0.778 2.0 =234 103 98 B4 A
810731024 O01:47:39 252.6 1.5 =-6.0 4.2 11.9 0.4 12.9 B4 0.455 5.9 o 27 B& 85 Cl

TABLE I. VIDICON CAMERA METEORS

1.D. No. E.S.T. R.A. d{R.A.) Dec. d(dec) Vobs. dV Vvinf Vg cos ¥ Mag log(mass) Hb Hm He Type

810731025 01:47:56 338.9 0.4 -22.9 5.3 3.0 1.1 38.3 36.7 0.421 3.5 == = 83 80 -
810731026 01:48:38 290.5 4.2 4.7 19.7 17.2 0.4 17.% 14.0 0.693 5.2 =2.06 B9 87 B84 A
810731027 01:51:01 259.3 1.8 66.6 0.5 16:3- 1=2 173 133k 0.785 l.& ~1.37 85 B3 80 4
810731028 01:30:51 30.8 5.2 55.7 2.7 6.3 0.6 56.4 55.3 0.771 -0.3 - T B = e
810731029 01:55:57 305.6 0.1 12.6 0.& 17.1 0.3 17.8 13.9 0.836 5.6 =1.92 91 B4 BO C1
810731030 01:56:54 340.5 0.1 -30.2 0.9 3.0 0.3 39.3 37.7 0.308 3.8 = = B4 B3 -
810731031 01:57:55 308.8 0.3 12.3 1.0 276 0.2 277 25.3 0.518 3.8 = 104 95 = Gl
810731032 01:58:52 16.1 0.4 41.1 1.0 60.5 1.4 60.6 59.6 0.847 3.7 =3.33 112 106 9% ©C2
810731033 02:00:17 306.9 0.1 -10.0 1.3 25.2 0.2 25.7 23.1 0.575 2.8 e = 95 31 =
810731034 02:02:42 302.3 0.2 46.2 0.5 30.2 0.5 30.5 28.3 0.935 G445 —2.46 102 88 83 (1
810731025 02:05:44 19.9 1.3 5.4 5.7 53.0 1.5 353.2 52.0 0.57B 3.5 e 112 107 - c2
810731036 02:12:37 46.1 3.8 51.3 2.6 54.4 0.7 54.5 53.4 0.693 1.8 -2.80 116 105 100 C2
B10731037 02:25:48 95.7 0.7 51.4 1.3 49.7 0.4 49.9 48.6  0.327 3.9 -2.83 110 105 101 C2
810731038 02:32:58 348.6 0.2 52.6 1.3 30.2 2.5 30.6 28.5 0.984 6.5 =3.41 98 9 B85 Cl
810731039 02:34:29  321.5 18.5 ¥7.2 2.0 48.7 2.3 47.1 45.3 0.826 5.1 =-3.59 100 94 86 A
810731040 02:38:13 45.7 0.8 45.5 1.1 67.9 1.1 68.0 67.1 0.718 4.0 -3.43 117 1100 102 C2Z
810731041 02:40:38 74.8 1.5 17.3 4.7 57.2 0.9 57.3 56.2 0.194 4.0 -3.28 112 111 109 cC2
810731042 02:42:08 29.5 1.3 =20.5 4.5 60.5 0.5 60.7 59.7 0.243 3.0 == = goa== =
810731043 02:52:30 230.9 2.9 73.6 0.5 13.9 0.3 14.8 9.6 0.701 5.8 -l1.70 87 81 77 £l
810731044 03:00:08 258.0 2.1 5.2 6.1 46.2 1.5 46.5 45.1 0.093 b2 ~3.36 101 101 101 A
810731045 03:01:12 287.6 6.3 42.6 11.4 22.7 1.1 23.6 20.7 0.766 4.5 i 87 85 B3 A
810731046 03:01:44 312.6 0.5 =30.0 1.7 18.1 0.3 18.8 15.1 0.05% 4.7 — = 86 B6 -
810731047 03:03:09 43.8 2.5 38.8 3.7 385 1.2 38,7 37.1 0.759 5.4 -3.47 109 108 102 ¢l
810731048 21:34:21 305.3 0.2 ~-0.3 1.6 26.0 0.4 26.3 23.8 0.604 4.3 o 100 93 = Cl
810731049 21:36:56 15.2 0.9 48.9 1.1 63.6 0.6 63.7 62.7 0.380 3.6 -3.09 116 111 106 C2
810731050 22:16:59 324.7 0.4 60.3 0.3 44.2 D.9 &G4.4 42.9 0.843 4.9 -3.14 106 96 91 C2
810731051 22:26:30 260.1 0.2 24.5 4.1 20.8 5.0 21.2 18.0 0.923 4.2 =191 108 89 81 Ci
810731052 22:31:51 341.2 0.3 -14.7 0.8 43.1 0.4 43.4 &1.9 0.206 3.1 — = B = =
810731053 22:48:27 235.9 0.3 47.3 0.3 19.1 0.4 1%.5 16.0 0.859 4.9 =2.45 7 8 81 Cl
810731054 23:51:54 321.7 0.1 12.7 1.4 36.2 0.5 36.7 35.0 0.824 4.0 =2.68 9% BE B2 A.
810731055 23:52:54 340.1 0.9 78.2 0.1 24.2 0.5 24.5 21.8 0.809% 5.9 -2.23 104 96 EE cl
810801001 00:44:27 327.1 0.1 =20.5 0.9 29.2 0.3 296 2T.A 0.456 1.2 -2.26 85 91 8B A
810801002 00:57:45 358.7 0.2 -22.1 1.5 32.0 0.2 32.4 30.4 0.297 3.6 — - e N A
810801003 01:02:47 350.8 0.2 -40.3 2.0 35.0 0.5 35.4 33.5 0.079 2.1 = = b B N
810801004 D01:04:26 50.8 0.4 42.3 0.6 64.6 0.6 64.7 63.7 0.457 3-6 =3.05 116 110 105 c2
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TAELE 1. VIDICON CAMERA METEORS

5t - E.S.T. R.A. d(R.A.) Dec. d(dec) Vobs. dVv  Vinf ¥g cos Mag log({mass) Hb Hm He Type
SRR e 137 & L@ 03 2425 2108 0.537 437 =2:18 103: 96 93 ¢l
BLOSLIOG. Ohoply T 00 T 10 Ud0 1 i s s b ssep Lih0ann e
510801006 D1:58:47 151 0.5 37. -2 A1, ; 2 b 2=
[ 7 7 & « 0 e el - L o
810924001 00:12:32  22.1 0.5 8.2 2.1 46.8 0.7 47.0 45.6 0.766 4.2 -3.02 110 108 100 ¢
810924002 00:18:51 26,3 0.2 =5.7 4.7 25.5 0.2 E:-S 233 0.585 4.3 -1.94 101 93 98 Cl
810924003 00:19:01  45.8 0.5 26.6 1.5 52.4 1.0 52.8 51.6 0.780 4.3 -3.31 101 95 92 4
810924004 00:22:09 249.L 0.1 56.0 0.1 22.4 0.1 23.0 20.0 0.486 4.7 - 9 85 77 Cl
810925005 00:26:78  49.8 0.4 30.5 2.7 14.3 0.7 15.1 10.? 0.828 6.2 -2.19 87 85 83 cl
B10924006 00:26:37 214.4 D.4 45.7 1.1 30.4 0.9 30.8 28.7 0.120 4.6 -2.84 9? 99 198 Cl
810924007 00:29:20  17.7 0.1 =45.0 2.0 33.0 0.7 32.2 31.3 0.071 4.4 —: 107107107 ‘1
810924008 ©00:39:29 63.¢ 0.8 47.2 0.9 525 1.1 4209 &}.I 0.769 5.9 -3.28 107 103 98 2
810924009 00:34:22 © 4.9 0.5 0.1 10.9 27.9 0.4 28.2 °25.9 Q0.750 4.5 =2.33 111l 101 99 1
810924010 00:57:37 353.1 0.1 56.8 0.4 31.8 1.4 32.4 30.4 0.957 5.6 -2.97 93 85 76 4
810924011 01:00:57 100.9 3.4 42.8 5.2 44.6 1.7 44.8 43.4 0.481 4.4 -3.33 107 106 104 C2
810924012 01:02:02 289.0 0.4 69.7 0.2 2752 0.8  27.5° 2551 0.705 ?.3 =2.63 Y02 87 93T
- 810924013 01:03:13 346.3 0.5 =-17.8 3.0 21.5 0.3 21.9 18.8 0.495 5.3 ~-2.34 102 98 95 cl
810924014 01:14:09  11.2 0.2 9.7 3.4 25.7 0.2 26.0 23.5 0.847 0.9 ~-1.50 106 90 84 Cl
810924015 01:21:37 234.3 1.6 62.8 0.9 17.0 0.6 17.5 13.4 0.485 5.6 -2.50 99 96 93 (|
810924016 01:27:49 358.8 1.1 24.0 11.9 20.1 0.6 20.7 17.4 0.925 5.6 -2.40 93 90 83 Cl
810924017 01:37:13 309.6 0.1 16.5 0.2 18.4 0.3 18.8 15.1 0.535 3.0 ~-1.62 97 93 90 C1
810924018 01:49:33  216.5 0.6 72.0 0.5 23.6 0.2 23.9 21.2 0.495 2.6 -1.66 107 95 91 Cl
810924019 01:49:38 297.4 0.2 74.6 0.1 35.0 0.7 35.2 33.4 0.692 5.3 -2.92 106 99 91 Cl
810924020 01:52:31  98.6 1.0 52.1 1.2 56.9 1.0 57.1 56.0 0.664 1.9 - - 106 103 -
810924021 01:57:20 75.8 1.6 40.9 2.6 §1.7 2.9 4200405 0.802 4.2 =3.46 103 101 97 c2
810924022 01:58:23  71.0 0.6 47.4 0.9 65.9 1.2 66.0 65.1 0.849 4.3 =-3.51 114 105 99 (2
810924023 02:03:33 2502 Dl 19.7 Bi6 Fl.2 009 5lv& 5052 0.913 4.3 = = 98 86 -
B10924024 02:09:56 86.7 0.5 =4.5 1.8 89.1 0.7 B9.2 ABi3 0336 3.5 e 117 110 - 2
810924025 02:12:38 110.7 0.7 48.5 0.9 52.5 1.1 52.7 Si.4 0.580 4.5 -3.45 111 108 104 2
810924026 02:20:26 103.7 0.8 50.3 0.7 62.7 0.9 62.8 61.8 0.622 4.2 -3.87 115 109 102 c2
810924027 02:22:26 297.6 1.6 77.2 0.3 35.7 1.1 35.9 34.1 0.674 4.7 -3.02 108 98 95 clL
810924028 02:23:44 733 D23 =1.0 5.7 1.8 1.4 62.0 Bl.0 0.556 4.0 -3.76 105 104 99 &
810924029 02:26:48 3440 1.6 =37.B.13.9 169 029 LI7.h 1303 0.178 27 =1:77 G 8T 9T e
810924030 02:31:42 22:5 0.9 -15.9 29.7 28.8 0.5 2%.1 26.8 0.538 359 =2.27 106 103 93 C1
810924031 02:33:19  77.4 1.1 36.6 2.0 65.7 1.4 66.0 65.0 0.836 3.9 105 97 - A
810924037 02:35:33  69.8 0.5 33.0 1.4 60.4 0.9 60.5 59.5 0.875 4.2 =-3.30 116 107 100 cC2
810924033 02:29:44 L L 5 L 4.3 0.5 69.4 0.4 692.5 68.6 0.385 3.4 = IL8 110 - c2
TASBLE I. YIDICON CAMERA METEORS
1.D. No. E.5.T. R.A. d(R-A.) Dec. d{dec) Vobs. dV  vinf Vg cos ¥ Mag log(mass) Hb Hm He Type
310924034 02:53:00 100.6 0.8 30.3 1.6 0.8 1.5 T1.1 71D.2 0.652 3.4 -3.65 104 104 98 A
B10924035 02:59:23 235.5 &.0 7a.6 6.6 24.4 0.9 4.9 22.2 0.527 5.1 -2.83 94 93 89 A
81092403k 03:00:29 0.8 0% 340 1.3 59.7 1.3 $§9.9 58.9 0.951 4.3 =3.47 106 102 94 4
810924037 03:00:35 93.2 0.5 5G.4 0.5 62.2 0.7 6K2.3 61l.3 0.774 3.8 =3.20 119 109 100 C2
10924038 03:05:39 9.7 0.5 43.1 1.0 46.0 1.0 46.2 44.8 0.822 4.6 ~3,17 109 102 97 C2
A10524039 03:08:33 o £ S R 0 1 43.8 1.0 21.8 0.9 22.2 19.1 0.774 547 -2.51 98 95 Wy £l
BlO924040 ©£3:08:42 D.4 D.5 =-39.8 2.1 34.5 0.3 34.9 33.0 0.025 3.7 — 102 102 102 C1
810924341 ©3:15:29 69.1 0.3 T e 50.7 1.0 61.0 60.0 0.714 4.3 -3.58 98 90 90 A
510924042 3:18:01 103.5 0.7 35.4 1.4 45.8 1.0 46.0 44.6 0.736 4.6 -3.22 107 102 98 cC2
810824043 03:18:08 59.6 0.1 4L.0 2.4 3%.2 1.8 59.5 58.5 0.982 4.8 -3.68 104 102 B89 A
810924044 03:19:18 346.0 547 -21.3 13.8 27.5% 1.4 Z7.B 25.4 0.168 4.7 —_ 102 101 - c1
8109245045 03:19:37 64.8 0.3 46.4 1.0 63.4 1.8 63.6 62.5 0.971 4.9 =35 T2 107 97 S0 &
810924046 03:33:39 289.8 1.6 72.3 ‘0.6 14.7 0.4 16.0 11.4 0.661 6.3 -2.28 83 BO 74 A
810925047 3:53:40 98.1 0.3 39.7 0.6 66.2 0.6 6B6.3 65.4 0.843 2.6 =3.07 124 103 94 ¢2
810924048 3:53:01 71.5 0.4 2955 A4 36.3 1.2 36.5 34.B 0.946 5.0 -3.29 108 102 95 C1
810924049 Q3:56:04 70.9 0.5 56.6 0.5 B80.4 1.3 60.5 59.5 0.957 4.1 =3.35 122 110 93 ¢2
810924050 04:00:20 55.7 D.d =54.2 9.4 17.7 0.4 18.4 14.6 0.081 5.3 =2.20 88 88 88 a
B10924051 04:G8:35 99.1 0.4 39.1 1.2 61.0 1.2 6Ll.1 60.1 0.859 4.8 -3.62 115 99 99 2
810924052 04:09:13 74.4 0.5 35.2 1.9 63.6 1.7 63.7 b4.B 0.964 4.2 -3.61 115 112 100 C2
810924053 04:11:28 60.6 0.1 33.6 7.4 63.0 2.2 69.1 68.2 0.986 1.9 =3.33 114 114 101 2
810924054 04:15:18 246.9 1.5 32.8 0.9 7.4 0.2 8.9 0.0 0.570 4.8 — = 730 =
810924055 04:18:19  62.9 0.1 55.4 0.9 1.5 1.6 61.6 60.6 0.977 5.4 -3.64 128 106 95 C2
811104001 00:31:21 109.7 0.5 Led ilad 65.8 0.5 65.9 65.0 0.325 3.0 = 117 108 - (5]
811104002 00:34:01  54.2 0.4 9.1 2.7 28.3 0.6 28.7 26.5 0.830 4.8 -2.51 97 96 8 ¢
811104003 00:33:12 1 B s S i =h:b 2.7 57.6 0.8 57.8 356.7 0.209 4.0 == = 94 94 -
% 811104004 00:43:47 52.2 ©.3 Tak &0 23.7 0.4 24.5 21.8 0.828 5.4 =2.36 87 81 78 a4
ﬁ 811104005 00:46:08 55:7. 0.3 5.8 5.7 30.2 0.4 30.5 28.3 0.802 0.7 = 107 92 - Cl
3 411104006 00:48:48 117.7 0.1 54.4 0.1 62.2 1.4 62.3 61.3 0.711 4.5 -3.54 114 105 103 ¢2
3 811104007 00:51:17 184.8 0.4 52.1 0.7 35.4 0.6 38.7 37.1 0.253 4.7 =-2.89 10l 101 99 o1
3 811104008 00:52:13 166.9 1.0 42.3 1.6 62.4 0.3 62.5 61.5 0.223 3.9 =-2.95 118 113 110 02
A 811104005 00:53:34  25.1 8.1 80.2 1.0 44.8 1.1 45.2 43.8 0.794 5.4 -3.66 99 82 76 &
3 811104010 01:04:17 121.4 0.1 36.7 0.2 59.0 1.4 59.1 58.1 0.624 4.1 -3.49 113 109 107 €2
3 811106011 01:06:34  54.5 0.1  34.2 5.1 45.9 1.0 46.2 44.8 0.989 4.8 -3.23 102 90 86 4
i 81L104012 O01:10:07 58.7 0.8 -=24.5 4.1 20.7 D4 21.3 18.1 0.462 2.2 o - a2 80 -
: 811104013 01:13:09 45.5 1.0 22.8 17.5 29.0 0.4 29.3 27.0 0.935 4.9 =2.38 112 98 94 ¢l
3
i
i
o
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TABLE 1. VIDICON CAMERA NETEORS

1.0. No. L R.A. d(R.4.) Dec. d{dec) Vobs. dV Vinf Vg cos v Mag log{mass) Hb Hm He Type
4 1:19:57 101.9 0.3 T4 22 6.6 0.7 66.%9 66.0 0.671 3.0 =-3.26 104 94 90 A
2111%2215 gl:ég:gﬂ 270.4 2.0 88.5 0.1 40.0 0.3 40.2 138.6 0.681 3.4 -2.50 117 93 91 Ci
B11104016 D1:24:47 83.2 1.1 64.5 0.8 1.8 1.2 42,1 40.6 0.90% 6.0 =3.47 104 T 85 C2
811104017 01:25:13 131.3 0.1 13.9 Ol 67.4 0.4 &7.6 66.7 0.536 i oot e ~ 114 9} -
B11104018 01:27:26 23,6 0.5 ~5u0' 5iD 13.1 0.6 4.0 B.4 0.595 bt 213 B4 82 B8O A
811104019 01:28:14 102.3 0.7 18.3 A6 74.6 1.2 74.8 73.9 0.714 3.7 - - 106 104 -
811104020 01:31:58 68.4 0.5 24.4 2.3 22.1 0.5 22.5 19.5 0.944 5.4 -2.31 97 93 86 Cl
811104021 01:35:20 49.8 0.6 2.7 14.0 2300 23.5 2067 0.778 4.8 S = 78 713 -
B11104022 01:44:24 153.0 0.1 631 0 14.1 G.3 4.7 9.5 0.723 6.5 =1.89 90 84 Bl C1
811104023 O0l:44:41 134.6 0.1 20.3 0.3 12,5 DB 72.6 1.7 0.453 3.8 =3.91 121 117 110 c2
811104024 0l:56:24 367 0:3 367 1.8 19T 0.6 20.7 17.4 0.935 6.1 ~2.43 B8 85 78 A .
811104025 01:57:33 106.6 0.2 13.0 0.B  61.6 0.5 61.5 60.5 0.695 3.8 =3.15 118 108 100 cC2
811104026 0l:58:10 137.6 0.4 67.9 0:1 31.8 0.6 32.4 30.4 0.734 5.3 -2.89 93 87 78 A
811104027 01:58:29 15.6 2.1 63.4 0.9 18.6 1.1 19.0 15.4 0.857 B4 =2.60 95 92 86 Cl ®
811104028 02:04:45 154.9 0.9 29.3 1.7 66.8 0.8 66.9 66.0 0.37] 4.2 -3.55 116 113 109 C2
811104029 02:06:14 i62.6 0.3 33.9 0.6 66.2 0.3 66.4 653.4 0.341 323 == - 109 11 -
811104030 02:07:56 106.0 0.3, 153.:7° 0.5 68.9 0.4 9.1 68.2 0.743 3.8 = = 105 92 =
B11104031 02:09:01 105-1 0.2 19.3 0.9 70.5 0.8 70.6 69.7 0.780 3.9 ~-3.42 117 109 102 cC2
B11104032 02:12:27 127.7 0.1 -1.0 0.3 69.5 0.9 69.7 68.8 0.378 3.5 — 116 109 =~ c2
811104033 02:18:20 158-3 0.2 62.7 0.1 67.7 D.7 67.8 66.9 0.627 4.1 -3.42 114 100 99 cC2
811104034 02:32:44 139.3 0.1 20.8 0.1 774 0.4 77.5 T6.7 0.537 3.4 _— 122 110 - &2
811104035 02:36:08 b ¢ e D3 SO i T P o 18.3 0.3 19.4 15.8 (.764 6.0 -2.34 L I
811104036 02:39:59 25527 00l BeeE 0.7 2951 0:2 2044 27 00225 AwD 0 =215 103 100 97 C1
811104037 02:41:39 47.9 0.4 gid: 37 29.1 0.5 29.5 27.3 0.670 4.4 — - 85 H9 =
811104038 02:41:54 60.3 0.4 46.2 0.9 40.1 1.1 40.6 39.0 0.979 5.5 =3.24 96 90 80 A
B11104039 02:43:19 96.7 0.2 31.0 0.8 64.9 0.3 65.0 64.1 0.940 3.7 | =321 119 105 95 C2
B11104040 02:44:25 107.1 0.3 6.7 3.7 57.9 1.3 58.0 56.9 0.713 4.0 =339 114 113 107 c2
B11104041 02:48:20 124.4 0.1 57.6 0.1 36.6 0.8 37.1 35.4 0.833 5.5 =330 97 BB B4 4
811104042 02:58:52 482 0.5 =3:5 2:8 “23.3 0.3 23.8 21.0 0.627 2.7 h = SRT 82 =
811104043 03:00:30 25.4 0.4 37.7 0.8 19.9 0.4 20.3 16.9 0.787 5.6  =2.10 101 95 89 Cl
811104044 03:06:35 142.4 3.7 77.6 0.1 41.9 0.8 42.1 40.6 0.757 S5+ -3.18 110 106 93 C2
811104045 03:0B8:13 48.3 0.2 LS 13 E¥eR 088 27ahr 2503 0.778 4.9 =2.27 102 93 B8 1
B11104046 03:09:30 157.3 1.1 68.5 0.6 59.1 1.7 59.2 58.2 0.716 4.6 =3:53 113 107 102 c2
811104047 03:10:47 136.1 10.4 B3.1 0.1 374 1.1 37.6 35.9 D745 5.3 =3.09 107 100 97 C1
811104048 03:12:33 68.3 0.3 36.9 2.0 46.4 0.9 46.8 453.5 0.973 5.0 =337 92. 86 76 4

TABLE 1. VIDICON CAMERA METEORS

1.D. No. E.5.T: R.A. d{R.A.) Dec. d{(dec) Vobs. dv  Vinf Vg cos ¥ Mag log(mass) Hb Hm He Type
811104049 03:17:506 193.0 0.3 68.2 0.2 48.8 0.6 49.1 47.8 0.566 4.5 -3.20 107 100 96 C2
811104050 03:19:23 108.7 0.2 45.2 0.7 52, 1.4 535 513 0.959 5.0 -3.46 102 96 88 A
811104051 03:19:55 123.8 0.1 4.0 0.6 64.0 0.9 64.2 63.2 0.5629 3.6 = = 98 94 -
811104052 03:22:25 108.5 0.9 20.2 2.8 7A:6 3.3 FRLY 979 0.873 3.5 = FARETTd - ¢2
811104053 03:24:48 150.6 0.1 10.4 0.4 TZa4 DS 728 TLB 0.453 3-7 -3.35 106 98 95 4
811104054 03:26:55 56.0 0.5 -19.0 6.9 16.5 0.4 17.0 12.8 0.503 5.4 =-2.03 g9 .97 95 (1
B11104055 03:27:24 109.4 0.6 =3.7 4.1 60.4 0.8 £0.5 59.5 0.A38 3.8 =3.35 117 114 105 c2
811104056 03:31:36 147.0 9.9 78.3 0.4 56:5 122 569 557 0.753 35 -3.33 96 88 86 A
811104057 03:32:27 99:1 03 36T R o AaB Thi4 &S 0.984 4.5 -4.07 111 103 96 C2
811104058 03:37:24 145.6 0.3 -6.0 1.2 62.0 1.1 62.2 6l.2 0.353 3.4 T - 108 105 =~
811104059 03:37:33 132.0 0.1 395 051 7 e R o Sy 1o VOl 0.859 Fa3 -3.55 121 114 107 cC2
811104060 03:38:11 105.2 6.0 63.7 4.4 4.6 1.0 15.9 11.3 0.954 6.2 =2.71 76 72 67 a
B1110406]1 03:41:19 161.9 0.8 23.6 2.1 59.4 1.0 59.6 .58.5 0.507 4.0 == = 10410 =
B11104062 03:44:02 76.2 10.6 74.9 20.0 47.8 1.2 48.0 45.6 0.847 5.4 -3.43 123::113. 99 'C2
B11104063 03:45:04 3t.1 0.9 25.5 4.0 19.89  9.5- 20.5 11:2 0.674 5.4 -2.31 93: 89: B8] CI
811105064 03:47:15 150.2 0.2 68.5 0.1 54.7 2.5 54.8 53.7 0.783 | =3.75 112 105 102 cC2
B11104065 03:48:07 126.9 0.6 24.5 1.1 63.7 1.8 63.8 62.8 0.838 3.6 =3.70 118 112 109 C2
811104066 03:50:39 B4.1 2.2 32.4 9.1 49.4 1.4 49.7 4B.4 0.975 4.5 -3.33 103 97 91 &
811104067 03:54:30 120.1 0.1 11.4 2.0 52.8 1.7 53.0 51.8 0.785 4.4 =3.52 112 1092 107 C2
811104068 03:58:28 132.7 0.1 =19.1 0.1 60.9 0.7 61.0 60.0 0.340 3.8 -3.26 112 111 106 C2
811104069 04:00:56 159.6 0.3 59.8 0.4 66-7 1.7 67.0 656.1 0.760 4.3 -3.67 100 B8 B8e A
B11104070 04:01:06 120.0 0.4 2629 1.1 66.3 1.9 66.5 65.5 0.906 4.1 -3.68 106 105 99 A
811104071 04:03:38 127.9 04l 26.6 0.5 6l.1 1.6 61.2 60.2 0.867 4.3 -3.59 114 109 104 (C2
811104072 04:10:22 110.1 0.3 =21.9 4.0 55u7  Tul 508 DT 0.421 4.0 =3.32 113 110 108 C2
811104073 D04:20:06 117.8 1.4 -41.0 9.1 46.3 1.7 46.5 45.1 0.105 4.1 -3.20 114 113 113 cC2
811104074 04:27:35 110.7 0.1 32.8 4.4 Thol 3.2 ThaZ V34 0.977 4.3 =4.00 114 108 105 cC2
B11104075 04:31:26 147.7 0.1 37.8 0.5 5.1 Bs5 159 11a3 0.871 6.1 -2.03 88 8 80 cCl
811104076 04:32:56 111.2 0.2 34.5 0.8 0.2 1.6 70.5 69.6 0.984 4.0 =3.76 105 92 89 &
811104077 04:38:10 83.5 0.1 39.4 0.7 24 0.4 279 25.5 0.962 4.9 =-2.32 95 87 71 A
811104078 04:39:52 154.8 0.2 39.5 0.7 72.3 0.9 7.6 71.7 0.809 4.1 =3.4%9 167~ =1 d8y X
811104079 04:4B:2] 148.1 0.6 J6.5 1.3 57.3 0.9 57.4 56.3 0.859 4.1 -3.24 119 110 103 c2
811104080 04:50:09 49.9 0.8 §3.7° 1.4 40.0 1.1 40.2 3B.6 0.759 4.6 -3.02 110 106 101 Cl
811104081 04:52:04 142.6 0.1 15.6 0.4 70.6 0.9 70.9 70.0 0.773 3.8 =3.47 106 102 92 &
B11104082 04:52:08 112.0 0.3 Z2wl. 5T 51-1; 2.3 5I.3 50.0 0.933 4.5 =3.47 111 108 104 <C2
811104083 04:59:32 146.8 0.7 51.5 0.9 56.5 2.8 56.7 55.6 0.906 5.0 =3.79 107 104 99 C2
B11104084 05:00:36 2B.7 0.4 35.5 0.6 23.2 0.3 23.% 20.7 0.536 5.1 -2.06 102 94 92 C1
811104035 05:04:08 50.9 0.2 1827 0.9 A 83 323 303 0.574 4.7 =2.32 105 100 93 Cl
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TABLE IT1. [SIT CAMERA METEORS

1.D. No. E.5.T. R.A. d(R.4.) Dec. d(dec) Vobs. dV  ¥inf Vg cos ¥ Mag log{mass) Hb Hm He Type
£20720001 22:02:23 13.5 4.4 58.9 3.0 6h.4 1.1 6B6.5 65.6 0.461 4.7 -_ 117 g - G2
a70720002 22:15:03 28.3 2.3 41.1 3.4 §1.8 0.7 54,0° 52.9 0.175 4.9 == s OO e
820720003 22:20:20 35544 4.3 56.1 3.3 55.4 1.3 55.5 Skl 0.590 5.8 = 119114 = c2
820720004 22:36:44 31323 l:b 67.0 0.2 3K.7 1.7 36.9 35.2 0.84% 3.4 -2.73 111 105 890 Cl
B20720005 22:47:22 3444 3.3 57.7 T 6.0 1.8 57.00 55:9 0.714 6.1 =4.24 111 108 104 cC2
A20720006 22:34:35 358.5 0.9 12.4 L.3 68.8 0.5 69.0 68.1 0.249 4.8 = e 7 e G B B
820720007 23:00:49 169.8 0.2 35.9 G.3 13.9 DLE  T&S 9.2 0.466 Tl ~2.19 93 86 8 Cl
420720008 23:06:26  253.1 1.1 49.7 1.5 20.2 1.0 20.6 17.3 0.95% 7.7 =-3.52 95 88 85 Cl
820720009 23:05:31 246.3 0.1 6l.6 0.1 27.7 D.7 28.1 25.8 0.906 a2 e 99 93 .= QI
820720010 23:06:32 308.9 0.1 -38.5 0.7 29.4 D.2 29.8 27.6 0.134 6.1 -2.88 100 98 97 Cl
820720011 23:14:04 301.1 0.1 =4.9 0.4 £5.2 0D 28205 G213 0.662 Fid S 89 B& - A
5 820720012 23:20:4% FLL<S; (0l 26.1 0.5 <A L L il S 0.883 6.8 -3.38 99: 97 193 “Cl
820720013 23:27:16 261.4 0.3 37.7 0.6 19.0 0.4 19.& 16.1 0.962 5.3 -2.45 92 B3 76 Cl
820720014 23:31:36 21.6 1.4 46.6 1.2 58.3 0.8 S3.4 57.4 0.451 5. -3.87 115 112 107 c2
3 820720015 23:32:56 3PS Dl =27t Qa2 27.5 0.3 28.0 125.8 0.241 5-8 = - 89 - =
820720014 180.7 1.4 66.9 0.7 236 L7 24510 2Lk 0.587 7.0 =3.58 96 95 94 Cl
B20720017 1328 1L 52.6 1.0 55.2 0.9 55.4 54.3 0.803 5.0 s = 105 99 =
820720018 2E2.F 0.2 6.5 0.5 11-3 0.2 124 5.2 0.577 6.2 -1.86 8 81 78 Cl
8320721001 29.8 1.4 34.3 2.2 52.5% 1.0 52.7 5L.6& 0.323 5.8 -4.00 111 109 108 C2
§20721002 353.3 0.7 0T T2 63.0. 0.7 683.1 62.1 0.644 5.4 =3.95 116 116 103 C2
= 820721003 217.8 0.t 63.9 0.1 19:3 0.3 20.2 '1h.9 0.748 D ~2.25 99 B89 54 C1
-.J 320721004 321.8 0.1 23.1 0.8 36.6 0.5 36.9 35.2 0.86% 6.1 corr = 99 86 -
; 820721005 28.86 0.6 34.5 0.9 55.8 0.4 55.% D54.8 7.3381 5.3 -3.56 112 109 102 cC2
_} 820721006 291.5 0.4 =20.3 6.3 19.2 0.4 20.2 16.8 0.527 7.0 -2.90 86 81 79 A
] 820721007 277.5 0.1 68.9 0.1 Lok Wi n P Al AR 1 0.897 Bl -2.84 99 87 83 C1
_% B20721008 00:33:17 3371 0.3 =15:0 221 37o2: ood 3705: 3548 0.417 5.7 = 100 98 - A
3 820721009 00:37:56 322.1 0.1 Elma el 24.2 D.2 24.5 21.8 0.824 6.4 -2.80 99 90 81 Cl
5 26721010 O0O0:47:36 318.8 0.2 BRET T 45.2 0.0 45.3 44.1 0.834 6.0 S = 85 80 -
= 820721011 01:01:45 276.6. 1.3 40.2 2.0 20,6 0.9 21.0 17.7 0.933 Fia2 -3.08 92 96 90 C1
A 820721012 01:05:00 425 1.2 3353 1.5 53570 10277 53uEe 52,7 0.369 5.7 s 111 108 - c2
g 820721013 01:35:34 323.1 0.1 i 26.9 0.4 27.4 25.0 0.769 6.0 o 97 91 - Cl
820721015 01:38:19 325.3 0.1 16.6 3.9 29.0 D.B 29.4 27.2 0.893 5.6 = 97 93 = Cl
_ 820721015 01:31:37 2301 Bk 63.0 0.4 33.2 1.2 336 317 0.776 Tl -3.97 101 98 89 «cl
... 820721016 O01:56:16 356.9 0.4 .2 2.0 53.7 0.8 53.9 52.8 0.670 5.6 =3.79 108 104 98 (2
* 820721017 01:56:39 29.8 3.2 =5.5 7.5 56.4 1.9 56.5 55.4 0.220 5.6 == L2 111 = Cc2
TABLE TI. 1ISIT CAMERA HMETEORS
_; 1.D. No. | G R.A. d(R.A.} Dec. d{dec) Vobs. dVv Vinf Vg cos ¥ Mag log(mass) Hb Hm He Type
i 320721018 01:57:33 2603 0.7 48.6 0.9 5290 059 5301 5.0 0.726 b7 =3.71 109 100 94 cC2
2 820721019 02:00:25 253.6 0.1 47.2 0.2 19.6 0.2 20.0 16.6 0.7306 6.0 =2.32 97 90 84& C1
E 220721020 02:02:40 9.9 0.7 e P L T30 il V2 Thea G.78¢% 3.8 =435 114 104 97 c2
f 820721021 02:08:48 330.8 0.1 12.0 2.0 29.9° 0.5 306 2854 N0-861 5.8 =3-23 95 g al A
E 820721022 02:10:56 327.9 0.6 21.3 4.9 via et S R L e R S 0.931 6.5 =3.44 95 01 SHINA
1 320721023 02:14:27 36.4 0.5 33.5. 0.9 Flad 0.5 T7i.4 70.5 0.579 3.7 s - 108 98 -
: 320721024 02:16:37 300.5 1.8 62.2 B3 32.1 1.6 32.3 30.3 0.918 6.6 - 104 9 91 Cl
: 820721025 02:17:29 13ed Lel 50.6 0.8 59,90 Lol 59,9 5H8.9 0.787 6.4 =4.35 110 105 101 cC2
B20721026 02:28:27 354.6 0.2 17.x8; Le8 60.2 1.4 60.5 359.5 ¢.839 5.9 =4.31 101 97 90 &
820721027 02:30:53 266.2 1.0 -=33.9 2.4 1321 0.1 14.0 8.4 0.247 3.6 — = 85 = =
B20721028 0Z:31:47 24.9 1.1 2549 34l 6251 048 26202 AL.D 0.682 5.1 =3.82 118 113 105 c2
3 820721029 02:35:36 21.8 0.2 26.5 0.6 70.7 0.6 70.8 69.9 0.708 hi=2 =3.62 114 104 95 (2
£ 820721030 02:35:56 86 0.7 3223 1.9 59.3 1.4 59.6 58.6 0.857 6.2 =4.30 101 97 91 A
= 820723001 22:38:56 332.2 0.5 =5.53 1.5 47.1 0.5 47.5 46.2 0.346 5.9 -3.90 97 94 91 A
820723002 22:46:46 283.1 0.1 9.0 2.1 16.9 0.4 17.4 13.3 0.859 6.3 -2.59 94 90 86 Cl
1 820723003 22:50:28 298.4 0.1 -4.8 0.6 21.0 0.2 21.6 18.5 0.671 5.1 - - g2 83 -
= B20723004 22:57:47 322.5 0.1 -2.5 D.4 3743 D3 AT.6  35.9 0.524 5.8 - - g0 88 =
420723005 23:16:09 334.9 0.2 =11.37 1.4 42.5 0.5 43.1 4l.6 N.340 6.0 — = g5 = -
820723006 23:22:47 22.3 1.0 52.1 0.9 57.7 0.9 57.8 58,7 0.500 6.1 =3.73 114 119 106 C2
520723007 23:24:27 306.9 0.1 =3.6 0.8 274 0.6 2B.l 25.B 0.664 5.1 = B3 91N A
; B20723008 23:27:12 242.3 0.2  66.4 0.1 24.3 3.1 24.6 21.9 0.855 7.5 -3.71 98 95 92 ¢l
3 820723009 23:31:43 21831 922 55.6 0.1 18.6 0.4 19.5 15.9 0.75% 5.3 = = 88 83 -
: 320724001 00:11:21 163 1.3  55.7 0.7 4.8 0.7 4.9 63.9 0.655 3.2 119 105 - c2
B20724002 00:31:07 314.3 0.1 40.6 0.7 12.8 0.4 13.2 10.2 0.989 5.4 =2.33 82 76 BB A
320724003 00:40:06 2.2 4.7 7i.6 0.1 56.1 1.3 56.5 55.3 0.778 6.3 98 8% = A
820724004 00:43:44 303.7 0.3 =-36.00 3.9 2605 0.4 5.3 22.7 0.265 6.5 — 90 88 -~ A
820724005 00:64:36  14.9 1.3 55.7 0.9 71.5 1.6 71.6 70.7 0.719 4.7 =4.3% 118 103 100 €2
: 820724006 00:47:34 334.8 0.4 -9.6 3.8 41.4 0.5 41.7 40.2 0.539 6.1 — S R
; 20724007 01:02:25  11.8 0.5 48.3 0.5 59.6 G.9 59.7 S8.7 0.750 6.0 =—4.01 113 107 98 C2
! 820724008 01:02:51  329.3 0.2 27.3 4.5 63.2 2.3 63.4 62.4 0.929 6.1 = - 98 93 -
. £20724009 OL:04:17 336.1 1.3 41.0 3.7 35.8 2.1 36.4 35.6 0.9438 Tl -3.98 90 87 85 A
i 820724010 01:08:18 25121 - Dl 2.3 0.3 14.3 0.1 14.8 9.7 0.479 6.9 =Z.14 92 89 84 cC1
820724011 0O1L:13:22 201.2 0.5 2327 24 26.2 0.5 26.5 24.0 0.906 6.6 -3.02 108 100 94 CI1
820724012 01:15:02 11.6 0.6 3Tch 1D 7.5 1.4 71.8 70.9 0.728 5ed =4.33 104 102 93 A
820724013 0L:31:31 8l 2.5 41.9 3.4 47.3 1.4 4305 46.1 0.562 5.5 = 114 111 109 ¢2
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TABLE II. [SIT CAMERA METEORS

1.D. No. E-S5.T. R.A. d(R.A.) Dec. d(dec) Vobs. dv  Vinf Vg cos ;  Mag log(mass) Hb Hm He Type
820726014 01:38:3%  252.3 1.4 48.9 1.5 7.4 0.5 17.8 1335 0a786 7.0 =21 95 91 88 Cl
820724015 01:43:56 35.1 2.1 0.8 5.1 5.1 0.9 58.2 57.2 0.227 5.0 = Tade i1l o= G2
820724016 0l:46:47 353.7 0.8 39.6 3.1 33.7 1.0 34.3 32.4 0.916 T.2 O =3.81 92 86 79 A
B20724017 01:4B:42 21.2 0.7 2.8 1.8 53.0 0.B 53.2 351.0 0.424 5.6 —— - 105 100 -~
B20724018 01:50:45 44,8 0.4 80 0EE L Taal Bed T34 G208 05100 8.3 - - 198 - =
820724019 02:09:20 278.0 0.7 5.5 1.7 2.3 0.2 22.9 19.9 0.594 3.5 = - 8L - =
820724020 02:09:29 321.3 0.1 -31.6 0.2 24.4 0.3 25.2 22.6 0.331 6.0 oo Bs B - A
820726021 02:09:42 212.7 0.2 39,5 0.3 15.0 0.2 15.5 10.7  0.414 6.8 = 83 83 - L1
820724022 02:11:48 351.3 0.2 44.8 0.6 56.4 1.1 56.5 55.4 0.957 6.0 -=3.89 119. 163 95 €2
820724023 02:18:18 11.1 3.1 26.0 6.6 62.2 1.0 62.4 6l.4 0.7%4 5.9 o - 100 95 -
820724024 02:28:27 33.7 0.8 3.0 1.3 60.2 1.2 60.3 59.3 0.690 5.8 —4.13 113 107 105 C2
820724025 02:30:13 18.5 0.4 17.3 1.6 68.8 0.5 68.9 63.0 C.633 4.8 -3.77 119 108 94 C2
B20724026 02:37:44 1901 053 =2l 12 68.0 0.6 63.2 67.3 0.495 5.3 = - 111 100 =
820724027 02:39:51 309.9 7.4 63.9 0.9 28.5 2.2 23.8 26.5 0.914 Fad =X7S 101 98 95 Cl
820726028 02:42:39 289.9 0.4 41.8 0.4 23.7 0.4 24.5 21.8 0.855 6.7 e 88 82 = A
820724029 02:45:42 5.7 0.6 38.1 1.2 52,50 A% 1ERGS 522 Qw812 5.3 -3.84 112 104 93 CZ
820724030 02:59:08 229.2 0.3 -10.1 0.9 12.1 9.2 13.1 5.8 0.144 6.7 o - B4 B2 -
B20724031 02:59:24 17.0 1.3 =6.4 5.2 66.7 0.9 66-B 65.9 0.510 5.1 = 116 110 - €2
820724032 03:02:26 59.0 0.8 36.4 1.3 54.2 0.7 54.3 53.2 G.537 5.6 -3.74 115 108 105 C2
820724033 ©03:03:05 321.3 1.0 34.0 3.4 20.0 1.5 20.4 17.0 0.962 T2 =3.33 99 86 %4 (1
820724034 22:46:35  341.7 1.5 50.8 1.9 32.7 1.2 32.%8 31.0 0.746 6.2 -3.66 102 9% 848 (1
820724035 23:00:42  262.7 1.7 24.2 5.1 1747 0.7 18s1 14.3 0 D.931 7@ —2:93 87 94 90 (1
B20724036 23:03:18 66.6 14.4 79.0 3.7 41.7 0.8 4&2.0 40.5 0.573 6:5.  =3.76 105 101 S7 €2
820724037 23:10:14 292.1 0.2 3.0 1.8 26.2 0.5 26.7 24.2 0.753 6.4 =3:05 95 92 8% A
820724038 23:17:43  259.3 1.5 -4.1 5.0 16.8 0.2 17.3 13.1 0.6%0 3.1 e 106 85 - £l
B20724039 23:19:26 23.6 1.3 32.4 2.0 58.9 0.7 59.0 53.0 0.301 5.6 -4.16 112 109 107 «¢C2
820724040 23:26:33  220.3 0.4 51.0 0.3 14.3 0.6 15.1 10.2 0.7% 7.6 =2.74 B4 B2 79 A
820724041 23:42:38 152.7 0.1 56.6 0.1 23.0 0.3 2%.3 20.5 0.343 6.7 — IOE 86 = c
B20724042 23:46:58  227.0 0C.2 48.5 0.3 16.4 0.3 15.2 12.6 0.783 7.0 -2.44 92 87 81 Cl
820725001 00:06:52 12.1 0:9 68.0 6.2 61.7 0.7 6L.B &0.8 0.713 4.0 -3.48 119 108 94 (2
820725002 00:16:15 333.1 0.3 -5.8 1.5 45.7 0.4 46.0 44.6  D.553 5.8 s W= R e |
820725003 00:16:15 303.8 0.1 11.9 1.3 31.8 0.6 32.2 30.2 0.83 6.6 = = 90 BAY =
820725004 ©0:19:15 332.5 0.1 -16.7 1.6 25.6 0.8 26.1 23.6 0.453 6.4 —_ 95 94 ~ i
820725005 00:27:15 335.3 0.2 -3.5 1.3 50.8 2.2 51.3 50. 0.579 5.9 s 94 92 - A
820725006 00:28:39 332.2 0.2 -4.1 1.4 48.3 0.4 48.6 47.2 0.598 5.4 e CEREL R
TABLE T1. ISIT CAMERA METEORS
1.D. No. E5aTs R.A. d(R.A.) Dec. d{dec) Vobs. d¥v  Vinf Vg cns ¥ Mag log{mass) Hb Hm He Type
820725007 00:31:16 35.& 0.3 =5.9 0.7 12.4 0.1 13.0 6.7 0.339 7.4 ~2.03 90 88 35 cCl
820725008 00:31:58 302.6 0.1 3104 0.2 30LB 029 3lah 29%4 0.979 7.5 =3.68 9, BE 80
820725009 00:36:37 165.4 0.2  4&40.5 1.1 44.6 0.5 4&6.7 43.3  0.05] 6.0 e -~ 86 8 =
820725010 01:00:58 322.4 1.8 64.0 1.3 26.2 2.6 28.5 26.2 0.933 7.5 -3.68 106 9% 91 Ci
820725011 01:21:03 22.3 0.5 0.1 1.3 54.6 1.0 54.7 53.6 0.309 5.2 oy 113 118 - €2
820725012 01:23:10 351.0 1.4 4.4 0.3 44.2 2.0 44.7 43.2  0.831 A.B =4.07 96 88 83
§20725013 01:28:45 327.9 0.5 42.3 6.9 36.1 3.6 36.4 34.7 0.993 5.9 — = 85 9T =
820725014 D1:42:41 341.7 0.8 =4.9 14.3 30.9 1.6 31.3 29.2 0.647 6.7 = - 86 82 -
820725015 01:44:37 23.6 0.4 37.0 0.7 3.1 0.8 63.3 62.3 0.697 2.4 T, - 88 ag o=
820725016 D01:56:03 14.0 0.3 32.8 0.7 67.% 0.7 6B.1 67.2 0.778 5.3 =4.04 110 100 8% ¢C2
820725017 01:56:42 45.2 1.2 47.5 1.0 65.2 1.4 65.4 64.4 0.597 4.0 o = O 8y =
820725018 02:05:32 6.2 1.0, :36i5 2.7 60.6 1.5 60.8 59.8 0.867 5.5 e - 100 93 -
820725019 02:09:34 349.0. 0.1 21.2 B.0 19.7 0.7 20.3 17.00 '0Q.897 7.1 -3.09 93 91 8& (1
820725020 02:26:41 2857 2L4 RLATT 1m0 5.8 1.3 2557 123k 00855 6.3 -3.14 9% 95 93 Cl
(820725021 02:40:48 4i.4 0.5 35.8 0.8 65.1 D.6 65.2 64.3 0.628 5.1 =376 116 108 100 cC2
B20725022 02:44:44 12.2 3.4 27.2 11.3 12.1 9.4 13.7 7.8 0.893 7.0 =2.23 7% 76 14 A
820725023 02:54:50 2.5 2.1 572 1.2 713 2.8 174 7.6 10,873 4.9 - 117308 -~ g2 2
820811001 23:02:32  260.56 3.4 B0O.9 0.6 23.6 1.0 2&.4 21.7 g.792 J.5 <3351 84 81 69 A
820811002 23:11:14 228.5 4.9 22.5 B.6 18.5 0.9 18.% 15.3 0.55% 6.6 — 0z 98 = i
820811003 23:11:27 277.°7 0:%  43.6 08 21:1 048 1.5 18,3 0.964 6.3 S~2.80. 114100 93 Cl
820811004 23:20:49 290.1 0.1 57.4 0.1 29.3 1.3 29.6 27.4 0.962 5.9 =2.99 111 100 8% Cl
820811005 23:31:05 44.8 1.4 59.9 0.9 59.5 0.9 59.6 58.6 0.543 S&5 =383 113 103 102 C2
820811006 23:31:55 246.1 1.2 84.1 0.2 14.9 0.5 15.7 1il.0 0.792 7.8 -=2.49 g9 83 72 ¢
B20811007 23:38:08  274.5 0.1 52.5 0.1 72.1 Q.4 22.5 19.5 0.9315 6.2 =2.66 102 8% B1 Cl
820811008 23:53:00 2332.0 0.8 4.4 7.1 39.5 1.1 32.8 38.2 0.785 6.2 — = g 85 =
B20B11009 23:54:47 323.2 0.1 9.2 1.3 34,1 0.6 334.5 232, 0.826 L] s 102 9% - CI
820811010 23:57:12 46.9 2.9 55.0 1.6 66-0 1.0 66.1 65.2 0.541 5.6 —_ 117 109 - g2
B20812001 00:03:32 342.4 0.5 -23.1 1I.4 27.9 0.4 23.3 26.0 0.348 6.1 e = 96 - =
820812002 00:12:08 62.7 5.6 43.5 7.4 60.3 1.2 60.4 59.4 0.350 5.1 e 118 115 - €2
820812003 00:16:25 340.8 1.1 27.7 4.0 53.5 1.0 53.9 52.7 0.914 2.9 — 96 82 - A
820812004 00:19:04 49.8 1.2 56.5 0.7 55.7 0.4 55.B 54.7 0.573 3.6 -2.98 123 107 98 c2
820812005 00:22:17 54.9 1.0 50-8 1.0 47.9 0.5 48B.1 4&6.7 0.501 4.0 -3.28 112 105 99 C2
820812006 00:28:16 281.6 0.4 42.1 0.7 20.8 0.4 21.4 1B.2 0.897 6.6 e 95 BT -~ €l
820812007 00:33:32 293.1 0.3 jg.2 0.9 21.4 0.4 22.0 18.9 0.912 6.3 et 90 83 = A
B20812008 00:38:48 306.6 1.0 7.0 3.6 26.8 0.4 27.1 24.7 0.796 5.5 . w6 94 - (1
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TABLE ITI. [SIT CAMERA METEORS
I.D. No- E-S.T. R.A. d(R.A.) Dec. d(dec) Vobs. dV  Vini Vg cos ¥ Mag log(mass) Hb Hm He Type
320812009 00:42:08 346.6 0.2 0.0 1.7 14.0 0.3 15.4 10.5 0.760 6.8 ~-2.36 83 82 77 A
820812010 00:44:26 347.7 0.3 —=7-& 2.5 165 e ST 1I3.F 0 9662 7.0 =-2.34 84 83 78 A
820812011 0G:58:33 76.6 2.9 12.5 3.4 42.2 0.6 42.4 40.9  0.207 5.4 -=3.46 113 112 109 c2
820812012 0L:06:03 ss.1 3.1 =7.0 7.3 74.5 1.9 74.8 73.9 0.001 h.6 = 106 106 106 A
320812013 01:07:15 3.6 1.3 20.4 4.8 37.8 0.6 38.0 36.3 0.021 4.9 -3.16 113 113 113 C1
320812014 O0L1:12:44 50.2 3.0 56.7 1.4 57.2 1.1 57.3 56.2 0.661 5.3 i 124 116 - €2
820812015 0L:13:33 350.9 0.8 0.5 Bid 44.2 0.9 447 43.2  0.706 4.9 = 98 94 - A
820812016 01:14:00 143.3. 8.9 =5.9 19.7 8.8 0.2 9.7 0.0 0.007 5.9 == 93 93 93 Cl
820812017 O01l:16:24 350.9 0.1 -17.2 3.0 39.0 0.5 39.3 37.7 0.482 3.0 — 100 93 - A
320812018 01:29:34 52.0 0.8 41.9 1.0 65.4 0.7 65.5 64.6 0.398 4.6 = 117 111 - £2
820812019 01:41:19 161.8 0.4 45.3 L.4 38.0 0.7 38.3 36.7 0.018 3.5 == - B =
820812020 01:45:27 306.5 0.4 66.1 0.1 28.9 1.1 29.2 26.9 0.883 6.7 -3.41 100 94 8% Cl
§20812021 01:50:48  346.0 0.1 9.2 3.6 44,9 0.9 45.3 43.9  0.832 5.3 et 99 94 - Gk
820812022 01:52:53 68.4 12.0 53.1 6.3 52.3 1.3 52.5 51.2 0.386 5.5 =t 113 110 - «c2
820812023 01:53:20 7.3 0.9 46.8 1.9 60.5 2.6 60.7 59.7 0.968 6.6 —4.48 109 107 99. C2
820812024 01:34:32 17.2 0.5 ~-10.3 6.5 60.7 l.l1 60-9 59.9 0.477 5.4 e 109 106 -~ C2
820812025 0L:57:28 52.6 0.7 53.2 0.6 49.6 0.6 49.8 48.5 0.710 3.8 -3.14 115 104 95 C2
220812026 02:03:14 27.3 5.0 68.5 0.8 19.8 1.7 20.4 17.1 0.857 6.9 -3.26 93 91 88 -.Cl
820812027 02:06:48 316.6 0.7 67.6 0.1 .6 1.1 34.8 33.00 0.383 6.8 -3.56 ip5 98 91 Cl
820812028 02:08:22 48.7 0.4 45.5 0.4 6l.4 0.7 61.5 60.5 0.726 5.2 =373 113 101 95 G2
320812029 02:22:09 45.9 0.5 6.8 0.2 62.8 Ll.2 62.9 61.9 0.796 5.9 -4.07 116 107 98 <C2
220812030 02:30:20 4.2 1.3 57.5 1.0 65.1 1.7 65-2 64.3 0.817 4.5 -4.02 119 103 97 cC2
B20B12031 02:34:02 48.7 0.6 36.9 0.9 77.2 1.0 77.5 76.8 0.738 5.6 —4.32 103 % 90 A
820812032 02:35:54 116.4 1.2 38.3 2.0 40.7 0.5 41.0 39.4 0.145 5.8 = sl 5 UL |
820812033 02:38:13 52.2 0.3 15.4 0.9 74.% 1.0 75.1 74.2 0.553 5.0 —t - 109 100 -
820812034 02:42:11 50.6 l.1 356.4 0.8 57.5 1.8 S57.6 56.5 0.798 5.4 -=3.93 112 107 101 c2
820812035 02:43:49 48.7 2.4 57.2 1.7 sg8.6 2.7 58.8 57.7 0.813 4.3 = w109 KO8 =
820812036 02:50:59 13.1 1.2 68.2 0.3 3.3 1.7 33.5 91.6 0.899 7.4 -3.74 102 94 85 Cl
320812037 02:54:29 57.4 1.0 34.7 0.7 58.3 1.0 5B.4 57.4 0.774 5.0 =3.92 118 108 102 c2
820812038 03:02:06 48.0 0.4 24.9 1.4 72.7 1.2 73.0 72.1 0.729 5.5 =4.27 103 99 94 A
820812039 03:09:42 49.6 0.7 57.4 0.4 59.5 0.8 59.56 3B.5 0.B41 3.2 -3.13 121 107 96 C2
820812040 03:14:28 47.9 1.1 58.1 0.7 56.6 2.1 54.7 53.6 0.8535 5.1 -4.18 113 111 104 C2

It is interesting to see how magnitude varies with
meteorid mass, velocity and cos (x) and so we have
found the coefficients listed in Tab. IIT below.

With the vidicon camera the average absolute
magnitude of the meteors was 4-6 while with the ISIT
camera it was 6-1 corresponding to masses of 1-3 x
x 1072 and 2-4 x 10™* g respectively.

ces between the vidicon and ISIT meteors we did not
consider them significant. The familiar bimodal
distribution is evident with the ratio between the low
and high velocity peaks being about 1-3. This is
considerably less than for the Super-Schmidt meteors
for which this ratio is about 2-7. The greater propor-
tion of high velocity meteors in the TV sample may
be the result of the mechanism of ejection of the dust
particles from the parent comet (Whipple, 1951) or
even mutual collisions in interplanetary space which
will cause the smaller particles to have greater veloci-
ties provided that the collisions are not perfectly

TABLE III

Magnitudes
Coefficients in the equation

M = a + b log(mass) + clog (¥ obs) 4+ dlog (cos z)

elastic.
Vidicon ISIT All-meteors :
40~
E VIDICON METEORS
a 9-78 + 0-36 10-06 £ 0-33 8800 L . T e ey
b —2-11 = 0-15 —1-85 + 0-14 —2:02 4+ 015 Q 10 i3 e ISIT METEORS I{
c —T33 4081 | —6BEL03Y | =TT Lioar  E L :
d 0174023 | —0024+024 | 010+ 024 ¥ :
S :
< 20 | ______ e
The variation of magnitude with mass (reduced to 2 T ; |
30 km/s) is shown in Fig. 3 for both the present and & |- - :
‘ : & 10 :
Super-Schmidt observations. s :
6. Velocities 0 é 4 e
- - Z
LOG [MASS)

Figure 4 shows the velocity distribution for the com-
bined TV meteors. Although there were slight differen-

Fig. 2.
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HABIHOOEHIA 454 TETIEBHU3HMOHHBIX METEQPRPOR C JBVYX CTAHITII

1L Oprjumb!

J2:07TCA OpPOMTATBHBIE JAEMEHTHI A AX 3SDOATHRIE OMHOKH I 454 caademx

00nacTs AGCOMOTHLX semHy 0T 0.3 10 3.5, Hadmodeuus Seum 3emOTEeHsl I8yma 3LICOKOUVECTRHTE R

-y

HBIMI TESIEBHIHOHHLIMHM CHCTEMAMG © Mad 98] mo asrveT 1982 rm. Ha ceil 324 370 #e To1bx0 camoe Sombemos

METZODOR, OXBATHBIARMOHX

cOO0DAHEE JIHHBIX [0 TEIEBMIROHHLM METEODAM. HO i CAMOS TO4YHOe.
Kix XoMeTHAA, TAK i ACTEDOWILTBERAS TPYTIb METE000B, OOHIDYVKEHHLE 5 DOTOrpadUUECKHK METEODHBIX
KIOHLMH

00CIIeI0BANUAX MPHCYTCTOVIOT 3 TEIESHINORHBIX JAKHAN, HO KOMETHAA [PVINE <O COVMARHBIMA §
0DANT TIDEOCTABARETCA DOMES DACCEAHHON. HeM 178 DOTOCDAMHUSCRHY METECDOB. MHOCHE TEResHIHOHHBIE
METEODET WMEIOT OOPATHbIE I8MAeHHS C adendes =3 AFE, 3 Tamse 0OMB@MAs 4acTh ODOHT MeEsT Manbie
D2DHTEIHANEE DACCTORHNA, 20N CPABHUTE © CYTED-UNGIATOBCKHMA METE0PAMl. DTH 0COGeUHOCTH Vid3bi-
S2I0T Hid TO. 4TO HACRISHHE METE0DHBIX TEI HAXOOHTCR 3 COCTORHHM IHHAMMEECKOTO DASHOBECHS € HCTOYHUEDM

TEACSHIKOHHLX METSODHBIX TET, NONOTHAS YOBITRHM N¥TeM B03Mmyluesnit o7 HOmwTepa u conyewsora Harpeea.

=

The oroital elements together with their prooable errors foc 454 faint meteors spanning the range 0-3 to 3-3
in absolute magnitude are presented. The obsarvations were made with twa very sensitive television svstems
between May 1981 and August 1982, Not only is this the largest coilection of television metear dara to dare.
it is also the most accurate.
in photographic metear surveys are also
oresent in the TV dacaa but the cometary group with randomly inciined ocbits apopears to be more diffuse
than for the photographic meleors. Many TV meteors have rerrograde orbits with aphelia > 3 AU, and
also a greater proportion of orbits have very small perthelia when compared with the Super-Schmidt metears.
These features seem to suggest that the meteoroid population is in 2 state of dvnamic equilibrium with
a scurce of TV meteoroids replenishing thase lost b v Javian perturbations and solar heating.

Bath the comerary and asteroidal groups of meteors discovers

1. Introduction

This paper is the second in a sedes reporting the
cesults of observations of faint meteors made with
very seasitive television cameras. Detailed descriptions
of the systems are given in the first paper of the sedes
(Sarma and Jones, 1984) which is concerned mainly
with the trajectory amalysis. In the preseat paper we
list the orbital elements of sach of the television
meteors and discuss the distribution of these elements.

The importance of this data fes in the faintaess
of the meteors. observed and it constitutes the firsc
substantial database for such faint meteors. Previously
such data had been available only for meteors brighter
than magnitude +3 (Jacchia, Verniani and Briggs,
1967; McCrosky and Posen, 1961) from observations
made with Super-Schmidt cameras. More recently
Hawkes, Jones and Ceplecha (1983) published the
results of television meteor observations based on
a small number of meteors of mean magnitude + 3.
But even though this set of observations was small
it gave a glimpse of the possibility of exciting new

Bull. Astron. Inst. Czechosl. 36 (1985}, 103—115.

discoveries in the population distribution of the orbits
of meteoroids.

The faintest mereors in the present series are =85
magnitude and so are about 3 magnitudes fainter
than those of Hawkes, Jones and Ceplecha and about
5 magnitudes fainter than the Super-Schmidt meteors.

Besides being less accurate than the Super-Schmidt
observations, our data does not comprise a random
sample since it was collected on only 11 nights between
May and November and so does not include the
winter months.

2. Orbital Elements

Whipple and Jacchia’s (1957) method was used to
extract the orbital elements from the trajectory
information given in Paper I. These are given for each
of the TV metecrs in Tabs I and II for the vidicon
and ISIT cameras respectively in which the symbols
have the following meanings:

[D.No. Is a nine digit number in which Iis
encoded the date and which meteor it is

on that day. The digits are as follows
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£ TABLE I. Vidicon camera meteors.
L
: I.D- ¥o.  E.5.T. a da e de a g 1 o du  Mag log(mase) Type
i
i AT Py .0 0.79 0.07 0.37 45.2 72.8 1.4 226.4 55 BLS  SRLIF 2
é gigggggg; gg;?;;fg :.5 0.8 0.93 0.01 0.29 45.2 30.4 2.2 299.0 3.4 2.5 =2.43 C;
+ 810506003 00:33:33 5.8 --— 0.91 0.10 0.52 45.2 14.4 2.2 270.7 2.4 6.8 -3.81 ¢
. 810506004 00:45:09 1.1 0.4 0.62 0.10 0.41 45.2  39.9 9.7 302.3 9.3 5.7 ~2.S§ Cl
i 810506005 00:47:41 =-0.7 0.1 1.5 0.11 0.67 45.2 44.3 L-? 240.3 2.8 3.8 ‘7-3 &1
{ 810506006 00:48:40 1.1 0.0 0.07 0.02 1.01 45.2 18.2 0.6 161.7 2:1- B8 -2.25 C
i 810506007 00:51:42 2.4 1.3 0.61 0.4 0.95 45.2 27.7 2.9 147.8 3.3 -3 -0.3& Cl
810506008 00:53:03 2.4 0.3 0.59 0.05 0.%7 45.2 30.2 0.8 152.5 2.0 5T =245 A
810506009 01:29:26 0.7 0.0 0.53 0.0l 0.35 45.2 7.4 1.1 334.9 0.5 ?.9 -2.01 c1
310506010 01:32:46 1.1 0.1 0.35 0.02 0.74 45.2 93.5 2.0 272.2 13.4 4.7 -3.05 2
810506011 01:45:08 1.7 0.1 0.50 0.03 0.86 45.2 24.7 0.7 123.7 3.8 5.0 =~1.49 ¢1
810506012 O0L:51:44 -3.5 1.2 1.27 0.14 0.93 45.2 150.9 3.1 209.9 3.1 3:i3 —3.34 c2
810506013 0L:57:58 -0.1 0.0 8.46 0.15 0.95 225.2 1.4 0.1 20.1 179.4 4.5 -1.96 -
810506014 02:08:35 2.0 0.2 0.55 0.03 0.92 45.2 27.7 0.6 139.6 3.5 3.6 =2.60 <Cl
810506015 02:20:47 -5.4 1.7 1.1l 0.06 0.61 45.2 167.3 3.9 104.9 2.1 3.6 = cz
310506016 02:31:53 1.6 0.1 0.40 0.06 0.97 45.3 29.1 0.7 150.0 2.1l BadT =2.48° &
810506017 02:38:32 0.8 0.0 0.42 0.04 0.46 45.3  65.1 1.8 324.8 4.8 5.5 =3.38 cC1
b 810506018 02:40:12 0.9 0.0 0.5 0.03 0.39 45.3  50.2 2.1 318.0 4.0 6.2 =3.40 1
310506019 02:45:00 1.3 0.1 0.22 0.07 1.00 45.3  62.4 1.3 159.7 2.7 5.4 =2.96 A
810506020 02:49:31 -1.3 0.1 1.51 0.03 0.68 45.3 7.0 1.5 117.4 Lol © 351 - =
m 810506021 02:50:42 1.5 0.1 0.32 0.04 0.99 45.3 37.4 1.2 203.3 5.3 6.5 -=2.86 ¢l
k 810506022 03:10:37 -0.1 0.0 8.47 0.21 0.96 225.3 h.6 1.3 18.7 0.7 3.9 2 A
810506023 03:13:04 2.3 0.2 (0.57 0.04 1.00 45.3 11.1 0.6 167.9 0.6 6.0 =-1.77 A
810506024 03:16:12 5.3 3.7 0.90 0.04 0.5& 45.3 80.4 1.6 268.7 6.3 4.8 -3.30 A
810506025 03:17:05 =-0.1 0.0 8.66 0.13 1.01 45.3 10.8 1.3 179.0 0.6 1.6 -2.68 A
810506026 03:17:33 2.8 - 0.8 0.67 0.07 0.92 45.3 60.6 1.4 140.9 3.0 3.9 -=2.43 c1
810506027 03:34:12 3.6 1.4 0.74 0.08 0.93 45.3 123.8 2.7 215.3 4.9 4.1 -3.74 A
810506028 03:3%:15 4.5 2.2 0.39 0.04 0.52 45.3 165.0 4.2 87.7 3.3 5.0 -3.64 4
810506029 03:47:41 0.9 0.1 0.66 0.0l 0.32 45.31 127.5 4.0 43.5 4.2 309 =3.1% ¢2
810506030 03:54:24 0.6 0.0 0.84 0.02 0.09 45.3 4B.7 2.3 348.7 0.9 5.3 -3.01 ¢1
810506021 03:57:36 1.4 0.0 0.72 0.0L 0.38 45.3 14.9 1.8 298.9 2:2 922 =2.79 ¢l
810506032 03:358:46 220 0.2 0.67 0.02 0.97 45.3 192 0.5 203.9 1.8 5.4 -2.09 A
610506033 04:03:54 2.6 0.1 0.65 0.02 0.91 45.3 13.6 0.6 220.5 1.6 1.4 =-0.85 «cl
~ 810626001 22:45:08 1.1 0.1 0.17 0.04 0.37 94.0 &0.0 2.0 91.7 19.4 4.6 -3.15 cCL
1 810626002 22:55:13 1.0 0.0 0.05 0.00 0.92 94.0 7.3 T2 127 5.3 6.8 -l.71 ¢t
TABLE I. Vidicon camera meteors.
I.D. No. E.S.T. a da e de q Q i di W duw Mag log(mass) Type
810626003 22:55:42 1.1 0.0 0.13 0.02 1.00 94.0 13.9 0.8 213.2 3.3 4.7 -1.72 A
810625004 22:59:00 1.7 0.0 0.63 2.01 0.a81 34.0 3.6 1.3 .271.9 1.0 4.1 -1.93 A
810626005 23:05:28 (.9 0.1 0.97 0.00 0.06 94.0 16.2 7.6 336.3 1.1 3.3 =-2.05 a
810729001 23:59:47 2.0 0.1 0.54 0.03 0.92 126.5 30.9 0.9 223.8 1.1 5.0 =2.70 c1
810730001 00:02:15 2.1 0.1 0.96 0.00 0.08 306.5  29.7 1.0 150.9 0.7 3.8 e A
810730002 00:03:56 2.5 0.2 0.73 0.02 0.67 306.5 20y 0.1 78.3 182.8 5.2 -2.50 Ccl
810730003 00:04:49 -0.9 0.1 2.17 0.09 1.00 126.5 108.3 0.7 168.9 0.7 3.4 -3.32 g2
810730004 00:10:08 2.6 0.4 0.66 0.05 0.88 126.5 22.0 1.8 228.7 2.1 3.0 -2.51 ¢t
810730005 00:11:21 4.1 0.6 0.97 0.00 0.13 306.5 47.2 1.2 140.5 2.9 2.6 - -
310730006 00:14:45 1.4 0.1 0.97 0.01 0.04 306.5 25.6 13.5 160.7 3.9 5.2 o =
810730007 00:27:15 2.3 0.2 0.94 0.00 0.14 306.5 33.4 L.4 141.3 1.6 4.1 -2.86 4
810730008 00:39:44 0.8 0.0 0.46 0.02 0.28 126.5 24.9 3.4 1323.7 0.4 5.4 =2.58 A
810730009 00:41:41 9.9 11.5 0.90 0.0 0.99 126.5 144.5 1.1 162.5 1.1 3.9 -3.36 4
810720010 00:43:59 1.3 0.2 0.58 0.06 0.53 125.5 73.3 2.7 287.1 12.4 5.0 -3.23 cL
810730011 00:55:34 0.9 0.0 0.15 0.01 0.75 126.5 11.5 0.8 0.5 0.8 6.5 -1.79 ¢1
810730012 01:02:50 =-8.5 —- 1.05 0.05 0.41 306.68 1.2 Ludn 0909 qgLp - Fd — A
810730013 01:05:58 1.9 0.1 0.96 0.60 0.07 306.6 20.8 6.1 153.7 2.6 3.8 -2.65 A
810730014 01:14:31 1.0 0.1 0.49 0.07 0.50 126.6 71.8 3.2 304.0 10.1 4.5 -3.41 4
810730015 01:21:34 6.1 2.5 0.98 0.00 0.12 306.6 58.2 L.5 140.7 8.7 3.6 - A
810730016 0Ll:21:49 4.2 0.5 .98 0.00 0.09 305.6 27.8 2.5 146.9 1.8 4.3 ~-2.67 A
810730017 01:25:29 2.6 0.2 0.99 0.00 0.03 126.6 30.7 3.0 341.8 1.0 4.5 -2.92 4
810730018 01:27:40 5.7 1.2 1.00 0.00 0.02 126.6 35.2 7.7 343.4 0.9 2.9 — -
- 810730019 01:30:33 1.5 0.6 0.33 0.21 1.02 126.6 100.6 4.1 178.7 12.1 5.3 =3.82 A&
i 810730020 01:35:03 1.2 0.0 0.13 0.03 1.02 126.6 12.1 1.5 182.1 0.8 5.9 -2019 4
810730021 22:45:39 1.1 0.0 0.34 0.01  0.70 127.4 11.6 3.7 281.5 0.5 5.5 =2.02 «cC1
810730022 22:47:00 0.9 0.1 0.95 0.03 0.05 307.4 38.5 18.5 162.9 6-5 4.2 — e
810730023 22:47:28 1.9 0.2 0.45 0.06 1.01 127.4 22.2 1.4 175.4 0.4 5.8 =-2.40 cC1
810730024 22:51:55 2.7 0.1 0.75 0.01 0.67 127.4 13.2 0.3 258.0 0.2 4.7 =2.00 cl
810730025 23:03:50 2.7 0.2 0.78 0.02 0.58 127.4 18.3 1.0 268.8 0.3 5.0 -2.61 Ccl
810730026 23:08:28 1.6 0.0 0.48 0.01 0.86 127.4 17.5 0.3 239.1 0.3 5.4 -2.06 A
810730027 23:12:34 3.5 152 0.87 0.03 0.46 127.4 25.8 1.1 280.1 0.6 0.1 — -
810730028 23:12:5¢ 2.3 0.2 0.57 0.04 L.01 127.4 44.3 1.0 167.4 0.4 6.3 -2.82 ¢l
810730029 23:21:40 2.4 0.1 0.74 0.01 0.61 127.4 L4.6 0.3 266.9 0.2 23 = =
810730030 23:24:03 1.2 0.0 0.74 0.01  0.31 127.4 148.6 1.8 1308.3 2.l 3.5 — c2
810730031 23:22:46 =-2.4 0.4 1.07 9.01  0.17 127.4 51.3 4.4 307.1 3-4 4.2 -3.24 2
1
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TABLE I. Vidicon camera metears.

I.D. No. E.S5.T. a da 3 de q Q i di w dw Mag log(mass) Type
310730032 23:22:46 -1.5 0.4 1.07 0.01 0.17 127.4 50.8 5.5 307.4 343 4.2 -3.23 c2
310730033 23:36:28 2.4 0.2 0.96 0.00 0.10 307.5 29.7 2.4 146.8 2.0 3.2 = =
810730034 23:39:37 1.3 0.0 0.56 0.01 0.80 307.5 8.7 1.6 64.9 253 % PR -1.83 A
810730035 23:39:43 2.4 0.2 0.58 0.04 1.01 127.5 9.3 0.5 188.3 0.4 5.9 -2.06 Gl
810730036 23:40:28 3.2 0.4 0.76 0.04 0.77 127.5 23.4 2.3 243.6 1.8 5.5 -2.49 A
810730037 23:43:02 6.9 Tl 0.85 0.08 L0l 1275 66.9 11 483 ' 5.1 -3.04 cz
810730038 23:44:41 2. 0.1 0.96 0.00 0.09 307.5 19..5 0.8 149.9 0.4 5.2 e =
810730039 23:44:53 3.1 1.0 0.67 0.08 L.0Y E27:5 50.0 ) N s T L 0.5 5.3 ~2.96 Cl
810730040 23:49:17 1.0 0.0 0.27 0.01 0.70 127.5 1.8 8.1 298.4 0.3 5.9 =1.77 A
810730041 23:50:39 -1.8 0.2 1255 0.07 1.00 127.5 78 0.9 168.4 1.6 4.4 -3.27 €z
810730042 23:58:39 6.8 1.9 0.96 0.01 0.24 307.5 75.8 1.0 1237 2.2 4.2 -2.89 A
810731001 00:04:02 L.6 Q.1 0.49 0.02 0.80 127.5 22.8 0.7 248.8 0.7 58 -2.38 A
810731002 00:06:05 7.7 3.6 0.87 0.04 0.96 127.5 70.8 0.6 L152.6 1.1 &3 -2.86 c2
810731003 00:17:15 3.7 0.4 0.89 2.01 0.33 127.5 22.3 0.6 28B7.7 0.3 5.0 -2.90¢ Cl
810731004 00:20:13 5«1 0.8 0.90 0.01 0.33 307.5 6.3 1:0 91.1 0.2 4.5 = A
310731005 00:31:37 1.0 0.0 0.07 0.03 0.89 127.5 5.0 i 1 B b 4.4 129 s clL
410731006 00:35:07 0.3 0.0 0.29 0.02 0.57 127.5 13.5 1.-6: 3378 1.3 6.2 — Cl
810731007 00:40:59 0.8 0.0 0.69 0.02 0.26 307.5 &7 2.2 143.3 183.5 4.8 i Cl
410731008 @0:41:10 2.4 8.6 0.80 0.15 0.48 127.5 62.0 6-7 280.% 9.6 -0.1 = Cl
810731009 00:41:37 -7.8 2.5 1.12 0.05 0:91 127.5 135.9 1.2 144.2 1.1 -0.9 O
810731010 00:49:30 2.9 0.6 0.67 0.0 0.6 127.5 AT-2 1.2 209.8 1.3 2.2 e cl
810731011 00:55:45 0.8 0.0 0.58 0.03 0.33 127.5 30.8 2230 -929.2 0.4 =7 — cl
810731012 00:56:53 1.2 0.0 0.77 0.09 0.27 127.3 58.8 &1 33T 9.5 37 -2.86 Cl
810731013 01:08:51 2.7 e 0.67 0.36 0:90 127.5 111.5 3.6 135.2 10.8 &.0 =3.32 c2
BLO731014 01:09:11 1.2 0.1 0.84 0.91 0.19 307.5 11.8 4.2 L40.5 2.6 423 == =
810731015 OLl:16:58 1.0 0.0 0.02 0.00 0.98 307.5 13 0.0 315.0 150.1 5.4 -0.82 Ccl
310731016 01:20:59 0.8 0.0 0.56 0.01 0.34 127.5 5.6 2.1 326.7 1.1 5D -2.23 &L
810731017 01:26:18 2l 0.1 0.96 0.00 0.08 307.5 8.5 2.0 151.4 0.7 2.2 s =
810731018 01:29:31 =-1.2 0.1 1.74 0.11 0.90 I27.5 137.8 2.0 215.3 2.8 =0.1 =2.73 C2
810731019 01:32:41 0.7 0:0 Q.73 0.11 0.18 127.5 25.8 11.0 343.1 1.0 5.7 -2.96 cL
810731020 01:33:03 1=2 0.0 0.41 0.02 0.74 127.5 L.3 1.2 266.9 2.7 5.1 =2.04 ClL
810731021 01:35:55 31.7 62.5 0.98 0.02 0.79 307.5 11.4 1.4 36.9 1.5 3.5 = CclL
810731022 0L:41:29 6.1 2.2 0.98 0.0L 0.12 307.5 34.9 2.0 141.2 2.2 4.0 g A
A10731023 01:43:15 5.1 L.2 0.99 0.01 0.07 127.5 70.5 3.6 330.4 3-1 2.0 -2.34 A
B10731024 01:47:39 1.6 0.1 .39 0.03 0.99 127.5 3.2 0.7 20Z.1 1.2 5.9 =Ll.75 ClL
TABLE I. Vidicon camera meteors.
I.D. No. E+S:iTy a da a de q Q i di w dw  Mag log{mass) Type
810731025 01:47:56 2.3 0.6 0.93 0.02 0.17 307.5 29.6 §.3 137.2 8.3 3.5 = =
810731026 0l:48:38 1.3 9.3 0.53 0.11 0.83 127.5 10.9 7.0 241.7 P 5.2 -2.06 A
810731027 01:51:01 1.3 a.l 0.24 0.04 10 127.5 24.0 1.8 LT .3 1.4 -1.37 A
810731028 01:50:51 3.5 2.6 0.73 0.12 0.94 127.5 108.5 3.4 l46.2 9.9 -0.3 — cz
310731029 01:55:57 1.2 0.0 0.41 0.0L g0.71 127.5 14.2 Ok 271.7 n.3 5.6 i I £l
810731030 01:56:54 3:5 0.3 0.93 0.01 0.25 307.5 39.9 0.7 124.4 2.0 3.8 o =
310731031 O0L:57:55 2.2 0.1 0.74 0.0L 0.58 127.5: 125.4 0.7 271.1 0.8 3.8 = Cl
810731032 01:58:52 249 1.4 0.66 0.11 0.99 127.5 124.5 1.5 1995 3.3 3.7 =333 c2
810731033 02:00:17 2.7 0.1 0.79 0.01 0.58 127.5 6.9 1.0 268.6 0.4 2.3 — =
810731034 02:02:42 2.8 0.2 0.6% 0.02 0.88 127.5 45.0 0.6 226.9 0.9 4.5 -=2.46 cl
810731035 02:05:44 0.8 0.1 0.64 a.06 0.30 307.5 172.8 1.4 145.1 18l.6 3.5 = cz
810731036 02:12:37 L.3 0.4 0.60 0.08 0.72 127.6 113.4 3.8 102.3 9.6 1.8 -2.80 cz
810731037 02:25:48 -5.0 1.3 L.05 0.02 0-32: 127.8 73.0 0.9 71.0 3.4 3.9 -2.83 Q2
810731038 02:32:58 0.8 0.1 0.32 0.05 Q.57 127.8 80.9 5.1, 327.2 11.4 6.5 -3.41 Ccl
810731039 02:34:29 -2.21 1.6 1.47 0.28 1.01 127.8 70.1 3.4 170.8 4.7 5.1 =3.59 A
810731040 02:38:13 -3.0 0.8 1.28 0.10 0.85 127.86 13l.5 1.8 135.2 2.0 4.0 =3.43 cz
810731041 02:40:38 2.6 0.8 0.2t 0.02 0.15 307.6 160.4 16.7 220.6 .2 5.0 =-3.28 _c2
810731042 02:42:08 4.8 2.4 0.83 0.154 0.82 307.8 123.0 7.0 54.8 6.3 3.0 = =
810731043 02:52:30 1.1 0.0 0.13 0.01 0.9% 127.6 17.4 0.5 142.8 2.2 5.8 -1.70 Cl
810731044 03:00:08 -0.3 0.0 4.11 0.24 0.93 127.6 19.4 4.0 206.6 2.4 4.2 =~3.36 A
810731045 03:01:12 2.3 0.7 0.59 0.16 0.93 127.6 315 3.6 219.4 13.8 4.5 = A
810731046 03:01:44 1.8 0.0 Q.50 g.01 0.79 307.6 14.2 0.6 1.1 1.8 4.7 e =
810731047 03:03:09 0.6 0.0 0.79 0.06 0.13 127.6 106.8 6.9 10.4 3.3 5.4 -3.47 cL
810731048 21:34:21 3.0 0.2 0.80 0.02 0.60 128.3 14.4 1.2 265.0 0.4 4.3 — Ccl
810731049 21:36:56 -5.2 1.6 1.19 0.07 101 S128:3 1167 1.3 185.7 Z.1 3.6 -3.09 c2
810731050 22:16:59 -30.9 24.0 1.03 0.07 0.98 128.4 70.9 2.8 202.1 0.8 4.3 -3.14 cz
810731051 22:26:30 9992.9 . 1.00 a.40 0.98 128.4% 18.9 3.6 201.4 1.3 5.2 -1.91 6X
810731052 22:31:51 3-1 0.3 0.98 0.00 0.06 308.4 26.-1 2.5 153.8 1.3 3.1 =t =
810731053 22:48:27 4.0 0.5 0.75 0.03 1.01 128.4 21.6 0.4 177.4 0.2 4.9 -2.45 -Cl
810731054 23:51:54 3.1 0.3 0.88 0.01 0.36 128.4 39.9 1.6 292.2 1.2 5.0 -2.66 A
310731055 23:52:54 1.0 0.0 o.09 0.00 0.93 128.4 43.0 0.9 91.0 8.1 5.9 -2.23 Ccl
810801001 00:44:27 L.7 0.1 0.80 0.01 0.34 308.5 8.3 0.9: 119.3 0.9 3.2 -2.26 A
310801002 00:57:45 0.8 0.0 0.84 0.01 0.14 308.5 44,4 L.0 154.2 1.9 3.6 e A
A10801003 0Ll:02:47 § 0.2 0.79 0.0L 0.41 308.5 46.6 0.8 110.8 5.1 2.1 oy =
810801004 O0L:04:26 16.9 133.8 0.96 0.04 0.75 128.5 135.7 Lals AEFET 1.9 3.6 -3.05 cz
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TABLE I. Vidicon camera meteors.
I.D. No. E.5.T- a da e de q Q £ di w dw  Mag log(mass) Type

01:56:45 3.2 0.2 0.80 0.01 0.65 128.5 5.5 1.2 2539.5 Q.5 4.7 -2.18 Cl

g;ggg}ggg Di:;a:ﬁ? 0.3 0.0 0.34 0.05 0.55 128.5 116.6 2.2 3Z5.B L RS 4.3 -3.42 c2

810924001 00:12:32 =-6.4 2.8 1.01 0.01 0.07 1359.58 5.2 0.9 147.9 181.9 £.2 -3.02 c2

810924002 00:18:51 1.1 0.1 0.8 0.02 0.35 359.7 18.7 Jeh 127 5.5 4.3 ~1.96 ¢l

i 810924003 00:19:01 1.6 0.2 0.93 0.0l 0.12 179.7 136.1 3.9 326.9 3.5 Ay =331 A
[ 810924004 00:22:09 2.8 0.0 0.865 0.01 0.99 179.7 30.6 0.1 166.7 0.1 4.7 — Cl
! 810924005 00:26:28 0.7 0.0 0.50 0.03 0.35 179.7 5.7 1.3 342.7 0.5 6.2 =1.19 Cl
| 810924006 00:26:37 -15.7 12.3 1.06 0.06 0.87 179.7 36.1 1.0 137.1 0.6 4.6 -2.8, cC1
| 810924007 00:29:20 -3.4 0.7 1.23 0.05 0.79 359.7 35.§ 0.6 51.5 3.0 4.4 —_ cl
" 810924008 00:39:2% 0.7 0.0 0.67 0.03 0.23 179.7 107.2 2.6 336.6 2.8 4.9 -3.28 «¢2
j 810924009 00:54:22 2.7 0.7 0.83 0.04 0.47 359.7 2.2 6.1 100.1 188.0 4.5 =-2.33 cl
ii 810924010 00:57:37 2.0 0.3 0.64 0.05 0.72 179.7 48.6 1.8 254.5 2.6 5.6 —=2.97 A
il 810924011 01:00:57 0.6 0.0 0.6 0.12 0.23 179.7 126.2 9.7 10.86 b6 4.4 -3.38 2
r;.- i 810924012 01:02:02 2.4 0.3 0.59 0.04 0.99 172.7 41.8 1.0 193.7 0.5 5.5 =2.83 1
i 810924013 01:03:13 5.6 1.0 0.8 0.02 0.79 1359.7 5-9 | 57:7 2.0 5.3° <2.36 @1
: 810924014 01:14:09 1.3 0.1 0.72 0.01 0.38 175.7 4.6 3.1 299.4 2.0 0.3 -1.50 c1
810924015 01:21:37 1.2 0.0 0.21 0.02 0.98 179.7 238 1.0 147.0 2.4 5.6 =2.50 cClL

810924016 01:27:49 1.2 0.1 0.53 0.06 0.58 179.7 13.8 6.4 283.3 5.0 5.6 =-2.40 ¢l

1 810924017 01:37:13 6.0 0.9 0.84 0.02 0.9% 179.7 12.4 0.2 210.7 0.1 3.0 -1.62 «¢c1
: 810924018 0L1:49:33 1.3 0.0 0.25 0.01 0.94 179.7 I3B.4 0.3 135.0 1.0 2.6 ~-1.66 CL
810924019 01:49:38 8.7 S.8 0.89 0.05 0.99 179.7 53.6 0.7 193.5 0.3 5:3 =2492: Gt

810924020 0L:52:31 1.4 0.2 0.30 0.07 0.95 179.7 125.2 1.9¢ 1423 71<9 1.9 — =

810924021 01:57:20 0.6 0.0 0.76 0.09 0.14 179.7 123.0 7.8 1350.0 4.0 6.2 -3.46 2

810924022 01:58:23 22.2 = 0.96 0.10 0.88 179.7 135.3 L-3: 2219 3.0 4.3 -3.51 cz2

810924023 02:03:33 -5.3 7.0 1.0l 0.00 O0.04 179.7  60.4 19.0 335.3  16.6 4.3 -— -

810924024 02:09:56 -4.3 2.0 1.23  0.09 1.00 1359.7 133.8 2.7 9.6 a5 35 -— c2

810924025 02:12:38 1.0 0.1 0.40 0.07 0.5% 179.7 123.2 1.8  64.5 9.6 4.5 -3.45 (2

810926026 02:20:26 4.0 1.7 0.78 0.07 0.88 179.7 128.9 1.2 '135.3 3.1 4.2 =3.87 g2

810924027 02:22:26 6.2 4.8 0.8& 0.07 0.99 179.7 35.8 1.1 192.3 0.8 4.7 =-3.02 c1

810924028 02:23:44 3.2 2.2 0.78 0.11 0.70 359.7 133.9 0.2 71.5 1L.60 4:0 =3.76 A

810924029 02:26:48 2.5 0.5 0.64 0.06 0.20 359.7 10.2 4.2 42.8 8.9 2.7 =L ClL

810924030 02:31:42 1.7 0.7 0.75 0.06  0.43 1359.7 24.5 18.4 109.5 212.4 .9 =227 O eT

810924031 02:33:19 2.6 1.2 0.66 0.11 0.88 179.7 154.8 3.5 225.8 6.2 3.9 = A
810924032 02:35:33 1.4 0.1 0.57 0.02 0.59 179.7 157.0 2.8 278.1 6.2 4.2 -3.30 c2

810924033 02:39:44 -79.7 -— 1.01 0.04  0.94 359.7 147.2 0.8 331.0 0.9 3.4 - c2z

TABLE I. Vidicon camera meteors.
L.D. No. Eo5.T- a da e de q o) i di w du Mag log{mass) Type

810924034 02:53:00 19.2 -— Q.95 0.12  0.93 179.8 166.9 2.8 148.7 3.4 3.4 -3.85 A

810924035 02:39:23 1.4 0.2 0.29 0.15 0.99 179.8 40.1 2.4 158.1 6.7 5.1 -2.83 A

810924036 03:00:29 .8 0.4 0.75 0.03 0.45 179.8 149.7 1.6 287.1 6.4 4.3 -3.47

810924037 03:00:35 2.5 0.4 0.62 0.06 0.97 179.8 131.1 0.9 155.9 2.0 3.8 -3.20 @2

810924038 03:05:39 0.7 0.0 0.53 0.04 0.31 179.8 125.8 2.3 1.5 0.7 4.6 -3.17 c2

810924039 03:08:133 L.5 0.1 0.49 0.03 0.7& 179.8 26.1 1.2 257.4 1.6 5.7 =-2.51 ¢t

410924040 03:08:42 -1.3 0.1 1.62 0.04 0.78 359.8 27.3 0.9 50.0 el 3.7 —— cl

810924041 03:15:29 2.1 0.4 0.73 0.064  0.58 359.8 142.2 3.4 50.3 5.4 4.3 -3.58 4

810924042 03:18:01 0.6 0.0 0.67 0.04 0.21 179.8 134.2 323 13.4 1.9 4.6 -3.22 2

810924043 03:18:08 2.1 0.8 0-74 0.06 0.54 179.8 135.7 4.0 275.0 10.0 4.8 -3.88 4

810924044 03:19:18 -2.9 7l | 1.26 0.18 0.76 1359.8 9.2 7.9 35.2 10.5 4.7 = Ccl

810924045 03:19:37 5.8 51.1 0.87 0.12 0.77 179.8 132.9 1.8 240.0 5.6 4.9 -3.72 A

810924046 03:33:39 1.1 0.0 0.08 0.01 0.98 179.8 2127 0.7 228.2 7.9 6.3 -2.28 A

810924047 03:53:40 2.8 0.5 0.66 0.05 0.96 179.8 150.4 1.0 153.9 1.7 2.6 -3.07 ¢2

810924048 03:55:01 0.5 0.0 0.97 0.03 0.02 179.8 129.4 6.1 356.3 1.5 5.0 -3.29 CL

810924049 03:36:04 4.5 4.1  0.30 0.10 0.92 179.83 119.1 1.1 216.8 2:9 %.1 =335 @02

810924050 04:00:20 1.1 0.2 0.21 0.0L 0.91 159.8 26.2 0.7 64.0 41.1 b | =2.20 A

810924051 04:08:35 L-3 0.2 0.31 0.07 0.90 179.3 149.2 2.2 123.4 10.6 4.8 -3.62 2

810924052 04:09:13 2.5 .5 0.68 0.11 0.8l 179.8 158.1 3.4 237.9 7.1 4.2 -3.61 c2

810924053 04:11:28 -4.4 2.5 1.14 Q.17 0.62 179.8 154.1 12.5 253.3 2.8 1.9 -3.33 c2

810924054 04:15:18 1.0 0.0 0.02 0.00 0.98 359.8 1.3 0.0 270.0 7.0 4.8 —_— -

810924055 04:18:19 18.1 -—— 0.95 Q.12  0.85 179.8 118.5 1.5 226.8 3.8 5.4 -3.64 C2

811104001 00:31:21 9.5 7.0 0.92 0.04 0.74 40.1 140.0 1.3 62.1 2.8 3.0 — c2

811104002 00:34:01 1.6 0.1 0.78 0.0l 0.37 40.3 11.0 2.7 116.3 2.4 4.8 -2.51 c1

811104003 00:38:12 1.5 0.2 D0.47 0.05 0.79 40.3 125.3 4.1 87.9  12.1 4.0 —a o

B11104004 00:43:47 .4 0.1 0.67 0.0L 0.45 40.3 9.4 3.0 110.9 3.2 5.4 -2.36 A

8111040C5 00:46:08 1.9 0.1 0.81 0.01 0.35 %0.3 16.1 2.8 115.9 2.8 0.7 =g cL

811104006 00:48:48-131.7 134.13 L.0L  0.10 0.79 220.3 118.4 0.9 234.1 2.9 4.5 -3.54 c2

811104007 00:51:17 1.0 0.0 0.35 0.0L 0.58 220.3 T4.3 0.9 76.7 4.7 4.7 -2.89 cl

811104008 00:52:13 32.8 s 0.97 0.05 0.83 220.3 118.5 1.8 132u7 bog 3.9 -2.95 cz2

811104009 00:53:36 -2.3 0.5 1.37  0.10 0.86 220.3 63.5 1.4 220.2 2.2 5.4  -3.66 A

811104010 O01:06:17 1.2 0.2 0.47 0.03 9.63 220.3 146.3 0.9 278.1 10.4 4.1 -3.49 c2

B8L1104011 0L:06:34 -3.4 0.9 1.06 0.01 0.19 220.3 16.2 9.2 304.9 5.9 4.3 -3.23 A

811104012 0OL:10:07 1.3 0.1 0.46 0.02 0.71 40.3 24.1 L.4 83.9 7.0 2.2 -— -

811104013 01:13:09 2.2 0.5 0.82 0.06 0.41 220.3 5.8 17.4 284.1 2.4 4.9 -2.38 o1
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TABLE T. Vidicon camera merears.
I.D. No. Es8: T a da e de q 0 i di W d  Mag log(mass) Type
811104014 '01:19:57 -i6.3 9.8 1.03 0.03 0.46 40.3 181.0 4.9  93.3 A1, B0 =326 0 A
311104015 01:20:58 17.5 27.0 0.95 0.03 0.94 220.3 62.0 0.5 207.9% 0.4 3.4 =2.50 Ccl
811104016 01:24:47 1.7 0.2 0.6% 0.03 0.5@ 226.3 i g 1.3 2B0.8 4.2 6.0 =-3.47 G2
811104017 01:25:13 3.2 0.4 0.70 0.03 0.95 220.3 152.6 0.2 204.6 0.3 3.3 — =
811104018 01:27:26 1.4 0.1 Q.36 0.03 G.88 40.3 3.7 1.3 54.7 3.4 5.0 -2.13 A
811104019 G1:28:14 -i.2 0.2 L.45 0.62 0.56 4£9.3 170.2 33 Ml 2.8 3.7 -— =
Bl1104G2C¢ 01:31:58 0.3 0.0 0.57 ©.01 0.27 220.3 2.5 2.0 324.1 0.7 5.4 =2.31 Gl
8111064021 0i:35:20 1.5 0.2 0.64 0.02 0.52 40.3 11.3 9.5 102.1 0.7 4.8 — v
811104022 0i:44:24 0.8 0.0 0.32 0.0l 0.51 220.3 16.5 0.6 1355.9 0.1 ' egs =189 BT
811104023 0l:44:41 19.5 - 0.95 0.08 0.99 220.3 174.5 0.5 177.9 0.4 3.9 -3.91 c2
8111G4024 01:56:2& 1.3 0.0 0.54 0.02 0.5l 220.3 12.5 1.1 275.9 0.7 B.1 =-2.43 A
B11104925 0©1:57:23 1.3 0.1 0.76 0.C1 0.46 40.3 157.8 1.8 106.5 2.5 3.8 -3.15 c2
BL1104026 01:53:10 9.8 0.0 0.34 0.01 0.52 220.3 ®5.0 1.2 A31.0 2.0 5.3 =2.39 A
811104027 01:55:22 132  Gul 0.36  0.03 0.79 220.3 22.4 1.5 256.1 3.0 6.4 =-2.60 Cl
811104028 02:06:45 4.8 2.6 0.83 G.06 0.81 220.3 146.9 2.6 126.1 4.9 4.2 =3.55 CZ
BIII04029 02:96:14 -65.0 S4&.4 1.01  ©0.02  0.77 220.3 133.8 0.8 124.1 1.7 3.3 - -
811104020 02:07:36 -8.9 2.4 1.06 0.02 0.57 40.3 165.4 1.8 B80.3 L.5 3.8 . == :
811104521 02:09:61 -3.8 0.8 1.15 0.05 0.35 40.3 172.7 1.9 80.1 243 3:9 -3.42 c2
811104032 02:12:27 17.0 — 0.9 9.08 0.99 40.3 146.9 0.5 1.1 0.4 3.5 — c2
811104033 02:13:20 -1.¢ 0.1 2.03  0.07 0.99 220.3 106.0 0.3 1B1.2 ‘0.2 4.1 -3.42 cC2
811104034 02:32:44 -2.1 0.2 1.46 0.04% 0.98 220.3 172.0 0.2 167.2 0.3 3.4 == c2
811104035 02:36:08 1.9 0.1 0.58 0.01 0.79 220.4 13.8 0.4 244.0 0.6 4.0 -2.34 A
811104036 02:39:59 9.2 1.5 0.89 0.02 0.97 220.4 4.6 0.3 1g4.4 8.6 4.5 =2.15 ¢l
8L11C4037 02:41:39 3.4 0.5 0.85 0.02 0.50 40.4 16.1 2.9 94.9 4.1 4.4 i -
811104038 02:41:54 2.8 0.7 0.90 0.02 0.27 220.4 50.2 2.0 302.4 1.8 5.5 -3.26 A
811104039 02:43:19 -7.9 3.0 L.04 0.03 0.31 220.4 158.9 2.1 290.4 2.8 3.7 =3.21 @2
Q11104040 02:34:25 1.3 0.2 D67 0.03  0.44 £0.5  143.1 ded  LT3L 9.1 4.0 -3.39 c2
811104041 02:48:20 0.7 0.0 0.54 0.0 0.33 220.4 31.7 1.8 335.5 1.8 5.5 -3.10 A
11104042 02:58:52 1.6 0.1 0.65 0.01 0.57 40.4 5.0 L.7  94.4% 3.2 2.7 e -
811104043 03:00:30 1.6 0. 0.56 0.02 0.70 220.4 13.2 0.5 25B.7 0.7 5.6 =2.10 ¢l
811104044 03:06:35 2.0 0.2 0.54 0.06 0.91 220.4  74.0 0.9 219.1 3.2 5.3 -3.18 2
811104045 03:08:13 1.8 0.1 0.77 0.01 0.42 40.4% 3 L.0 109.0 0.9 4.9 -=2.27 ci
811104046 03:09:30 -2.2 0.5 1.45 0.16 0.98 220.4 96.0 1.2 188.9 1.0 4.6 =3.53 (2
811104047 03:10:47 1.8 0.2  0.51 0.05 0.90 220.4 64.4 1.3 224.0 5.6 5.3 =3.09 «¢c1
811104048 03:12:33 5.0 2.3 0.98 0.0l 0.10 220.4 59.8 3.7 324.5 3.8 5.0 =3.27 A
TABLE I. Vidicon camera mereors.
L[.D. ¥o. EiSaT. a da e de q Q i di W duw Mag log(mass) Type
811104049 03:17:56 -11.0 3.8 1.09 0.05 0.98 220.4 79.1 G.5 170.6 0.4 4.5 -3.20 c2
811104050 03:19:23 l.L 0.1 0.68 0.01 0.36 220.4 122.2 2.1 304.9 6.2 5.0 =3.46 A
811104051 03:19:55 LT 0.2 0.43 0.06 0.94% 40.4  151.3 1.1 32.4 i.a 3.6 o - :
811104052 03:22:25 -1.0 0.3 L.72  0.31 a.71 40.4 175.8 2.4 56-7 180.9 3.5 —_ c2 |
811104053 03:24:48 -3.4 Lol L.14  0.04 0.75 40.% 196.9 0.5 302.9 1.2 3.7 -3.35 A \
811104054 03:28:55 1.1 0.0 0.35 0.02 0.73 40.4 15.3 2.1 92.4% .4 5.4 =203 cl
C1LIDansE nianrigy 70 0.6 0.€9 0.05 D72 £0.4 128.3 6.5 10 12.0 3.8 -3.35 c2
311104056 03:31:36 -1.5 0.2 Li65  0:12  0.9% 27094 ‘B3 1.1 200.7 i.é 3:5 -3.33 A
811104057 03:22:27 -0.3 0.1 Ll.62  0.14 0.53 220.4 150.5 3.4 255.8 3.4 4.5  =4.07 c2
811104058 03:37:24 2.0 0.4 0.68 0.05 0.65 40.4 141.6 2.3 273.9 5.4 3.4 — =
811104059 03:37:33 -3.4 1.2 1.28  0.16 0.96 220.4 144.4 0.5 199.3 1.2 3.3 =3.55 2
811104060 03:38:11 0.7 a.0 0.39 0.04 D.46 220.4 18.0 2.2 340.1 3-1 6.2 =2.71 A
811104061 03:41:19 1.5 Q.2 0.70 0.03  0.45 220.4 145.% 3.6 71.2 6.7 4.0 -_ -
811104062 03:44:02 -83.8 -— L.09 0.54 0.76 220.4 T4.7 7.4 236.0 38.0 5.4 -3.43 2
611104063 03:45:06 L.7 0.1 0.60 0.02 0.66 220.4 6.8 2.1 '263.0 2.3 5.4 =2.31 C1
8L1104064 03:47:15 -41.9 318.2 1.02 0.20 0.97 220.4 94.0 1.8 195.a8 1.4 5.3 -3.75 c2
811104065 03:48:07 1.3 0.3 0.35 0.10 0.87 220.4 169.% 2.1 238.3 13.1 3.6 -3.70 2
811104066 03:50:39 .7 0.4 0.98  0.05 0.04 220.4 114.8 17.5 340.5 18.1 4.5 -3.33 4
811104067 03:54:130 a.7 0.1 0.52 0.06 '0.35 40.4 158.3 &:6 152.9 75 4.4 =3.52 c2
811104068 03:53:28 4.9 L.9  0.81 0.05 0.93 40.4 117.6 0.5 330.5 La2 3.8 -3.26 «c2 i
811104069 04:00:56 -1.2 0.2 1.83 0.18 0.99 220.4 108.0 097 1771 Q5 4.3 =3.67 & |
811104070 04:01:06 2.3 L.4  0.67 0.12 0.77 220.4 167.9 2.1 244.3 7.9 4.1 -3.68 A ;
811104071 (4:03:38 i.1 0.2 0.25 0.05 0.8L 220.4 164.9 1.0 264.2 20.6 4.3 -3.59 (2
BL1104072 04:10:22 4.6 3.5 0.80 0.15 0.92 40.4 102.% 4.5  33.6 10.7 4.0 -3.32 g2
811104073 04:20:08 4.5 5.8 0.78 0.40 0.99 40.4 79.0 8.0 1355.5 350.3 4.1 —-3.20 c2
BLL104074 Q4:27:35 -1.7 2.7 1.42 0.28 0.69 220.4 159.5 8.1 240.8 5.7 4.3 -4.00 c2
B11104075 04:31:26 G.6 0.0 Q.54 0.02 0.29 720.4 12.8 0.9 1.6 G.1 6.1 -2.03- cl
811164076 04:32:56 -4.2 17 l.16  0.11  0.86 220.4 155.5 L.6 247.4 3.8 4.6 -3.76 A
811104077 02:38:10 0.7 0.0 0.81 001 013 220.4 28.7 1.3 338.8 0.4 4.9 -2.32 A
811104078 04:39:52 -1.9 0.3 1.51 0.09 0.54 22G.4 135.2 0.9 156.0 1.3 b1 —3.49 A
ELLID4079 G4:48:71 1.1 0.1 0.20 G.03 0.85 220.4 135.7 2.1 98.9 17.4 4.1 -3.24 c2
Bl1104080 04:50:09 18.1 — .98 0.03 0.34 220.4 40.5 2.1 289.3 2.1 4.6 -3.02 cl
811104081 04:52:06 6.2 &.7 0.85 0.05 0.91 220.4 178.1 0.6 145.3 1.9 3.8 -3.47 A
811104082 04:52:08 0.7 0.1 0.76 0.05 0.18 220.4 178.6 15.9 333.8 7.6 4.5 -=3.47 c2
BL1104083 04:59:12 1.7 1.0 .47 0.21 2.99 270.5 Ii5.1 2.3 184.8 2.8 5.0 -3.79 c2
ALL104084 05:00:36 2 0.1 0.69 0.01 0.64 220.5 14.5 0.4 262.1 0.7 Sal -2.06 Ccl
BLLLO40B5 05:06:08 2.5 0.1 0.87 0.01  0.32  43.5 1.4 0.0 1l6.6 180.5 4.7 -2.32 c¢i
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TABLE II. 1I5IT camera meteors.

I.D. No-. EaSeTs a da C} de q 1] i di w duw Mag log(mass) Type
7 22:02:28 -1.0 0.2 1.99  0.20 0.98 117.6 105.7 3.4 161.8 4.5 4.7 _ c2
ggg;iggg; 22:15:03 1.2 0.2 0.38 0.07 0.73 117.6 123.§ 5.3 87.5 4.3 4.9 — =
820720003 22:20:20 -12.0 64.2 1.08 0.18 1.02 117.6 9.4 3.1 180.3 6.8 5.8 — c2
820720004 22:36:44 3.7 2.4 0.7  0.11 L.01 117.6 60.3 1.8 184.3 0.5 3.4 -2.73 <1
320720005 22:47:22 -2.0 0.7 1.49  0.19 1.01 117.6 91.8 2.1 1B6.9 3.5 6.1 -4.2&4 c2
£20720006 22:54:55 =-4.7 1.1 L.14  0.04 0.65 117.6 155.9 3.0 251.1 3.7 4.8 = -
820720007 23:00:49 1.7 0.0 0.4 0.01 0.96 117.6 7.3 0.1 146.0 0.2 7.1 -2.19 «cl
820720008 23:04:24 3.0 0.7 0.86 0.06 L.01 117.6 25.5 1.1 190.1 1.2 7.7 -3.52 ¢l
820720009 23:05:31 -13.0 5.1 1.08  0.05 1.02 117.6 36.4 0.6 177.4 0.1 7.2 - cl
820720010 23:06:32 4.1 0.2 0.87 0.0l 0.53 297.§ 18.3 0.5 92.2 0.3 6.1 -2.838 cC1
820720011 23:14:04 1.7 0.0 0.67 0.0l 0.55 117.% 11.4 0.1 277.5 0.2 5.7 e 4
320720012 23:20:49 Lel  0L0 0 =051 0002' BL5Y Al7.s 95,3 1.7 290.4 2.0 6.8 -3.38 o1
820720013 23:27:16 2.8 0.2 0.65 0.02 0.98 i17.6 22.1 0.5 2031.5 0.4 5.3 =2.45 ¢l
420720014 23:31:36 2.8 0.7 0.67 0.07 0.94 117.7 117.7 1.7 l44.1 4.1 5.7 -3.87 ¢2
820720015 23:22:36 1.2 0.0 0.75 Q.01 0.30 297.7 16.1 0.3 130.6 0.3 5.8 — e
320720016 23:51:40 4.3 3.5 0.78 0=10 0.93 117.7 28.% L.7 144.1 1.0° 7.0 -3.58 cCl
820720017 23:52:47 3.3 1.L  0.71 0.08 0.98 117.7 105.9 1.4 156.1 2.7 8.0 — -
820720018 23:32:54 1.6 0.0 Q.34 0.02 L.02 117.7 3.1 0.1 181.1 0.2 6.2 -1.86 cl
820721001 00:00:15 0.9 0.1 0.39 0.04 0.54 117.7 134.2 4.0 48.0 10.5 5.8 -=4.00 (2
320721002 00:02:09 39.3 — 0.98 0.06 0.84 117.7 125.2 1.5 229.5 3.5 S.4 -=3.95 c2
20721003 00:02:28 2.5 0.1 0.61 0.02 1.000 117.7 25.1 0.3 162.7 0.1 it L e i L TR v
820721004 00:10:05 L.4 0.1 0.73 0.01 0.40 117.7 58.3 0.9 296.7 L.6 6.1 = =
820721005 00:17:29 L. 0.0 0.33 0.02 0.72 117.7 13§.2 1.6 80.7 5.5 5.3 =3.56 2
820721006 00:23:14 1.9 0.1 0.62 0.02 0.71 117.7 1.5 3.1 257.2 .4 7.0 =-2.90 4
320721007 00:32:35 1a3 Qat +0.832 0.03 #1.02 117.7 3h.0 1.0 178.7 0.2 6.7 -2.86 <1
3207210068 00:33:17 L.l 0.0 0.95 0.01 0.05 297.7 120.3 6.9 161.4 L:9 5.7 = A
420721009 00:37:56 9.9 0.0 0.66 0.01 0.32 117.7 25.7 1.0 319.z2 0.2 6.4 -2.80 cC1
820721010 00:47:36 L72.4 —— 1.00 0.01 0.29 117.7 ha.6 22 29522 3.7 6.0 — =
820721011 01:01:45 2.0 0.2 0.53 Q.05 0.95 117.7 26.7 1.2 2156.3 2.3 T2 -3.08 Cl
820721012 01:05:00 1.1 0.1 0.64 0.02 0.3%9 117.7 135.7 1.1 54.7 4.5 5.7 —_ c2
520721013 01:35:34 L.0 0.0 0.75 0.01 0.25 117.7 ZC6.9 L3 3212 0.2 5.0 —_— cl
820721014 01:38:19 0.9 0.0 0.70 0.06 0.27 117.7  40.8 3.5 320.4 2.2 5.8 - cl
820721015 01:51:37 0.9 0.0 0.34 0.02 0.58 117.7 67.3 2.2 44.5 6.3 Tk -3.97 Ccl
320721016 0O1:56:16 1.1 0.1 0.81 Q.02 0.21 117.7 159.4 4.7 320.6 3.4 5.6 =-3.79 c2
820721017 01:56:39 1.0 0.2 0.09 0.09 0.87 297.7 146.4 13.8 135.6 123.1 5.6 e c2

TABLE II. ISIT camera meteors.

1.D. No. E.8. T4 a da e de q 0 i di w duw Mag log(mass) Type
BZ0721018 O0L:57:33 LS 0220 1045 0:05 0.81 117.7 111.% 1.5 111.1 6.1 4.7 =A.m 2
820721019 02:00:25 2.9 0.1 Q.65 0.01 L.01 117.7 25.2 0.2 192.1 0.1 6.0 -2.32 Ccl
820721020 02:02:40 -1.0 0.1 2.04 0.16 1.00 117.8 L40.0 2.4 190.7 2.4 5.3 -4.35 ¢2
820721021 02:08:48 0.3 0.0 0.79 0.02 0.18 117.8 40.8 2.5 330.6 0.9 5.8 -3.23 A
820721022 02:10:56 0.9 0.0 0.67 0.06 0.29 117.8 45.2 3.8 322.5 3.2 6.5 -3.44 A
820721023 02:14:27 -3.0 0.4 1.29 0.05 0.85 117.8 149.4 1.5 134.8 1.4 3.7 — =
820721024 02:16:37 2.7 0.9 0.82 0.09 1.00 117.8 51.9 1.9 195.6 1.2 8.8 — cl
820721025 02:17:29 13.3 —  0.93 0.14 0.93 117.8 1131.8 1.3 144.9 3.4 6.4 -4.35 c2
820721026 (2:28:27 2.7 1.2 0.80 0.05 0.53 117.8 139.0 2.7 274.0 722 5.9 =431 A
820721027 02:30:53 1.6 0.0 0.40 0.01 0.94 297.8 2.8 0.5 43.8 1.0 1.5 — =
3207210258 02:31:47 1.5 0.2 0.3% 0.09 0.97 117.8 152.7 5.2 146.7 7.6 5.1 -3.82 2
220721029 02:35:36 -31.2 21.6 1.03 0.06 1.01 117.8 155.% 0.9 175.1 0.9 6.2 -3.62 cz
820721030 02:35:56 .7 0.4 0.46 0.10 0.97 117.3 131.7 2.5 212.5 8.3 6.2 -4.30 4
520723001 22:38:56 5.6 1.5 .00 0.00 0.03 120.5 41.1 8.4 342.1 1.8 5.9 ~3.90 A
320723002 22:46:46 L.7T 0.1 0.49 0.02 0.5% 120.5 .12.3 0.8 239.3 0.4 6.5 -2.59 CclL
820723003 22:50:28 1.7 0.0 0.62 0.0l 0.65 120.5 5.7 0.4 266.9 0.2 5.1 - 7
320723004 22:57:47 2.2 0.1 0.92 0.00 0.17 120.5 25.4 0.9 317.0 0.2 5.8 et -
820722005 23:16:09 2.0 0.2 0.9% 0.00 0.03 300.5 5.9 3.3 162.6 181.0 6.0 m— =
820723006 23:22:47 4.6 2.4 0.79 0.0§ 0.95 120.5 110.9 1.3 149.1 2.5 6.1 -3.73 «c2
820723007 23:24:27 2.1 0.2 0.78  0.02 0.47 120.5 14.5 0.8 283.3 0.2 5.1 g A
820723008 23:27:12 3.9 11.4 0.74 0.19 L.91 120.5 33.6 3.2 170.8 0.4 7.5 =3.71 Ccl
820723009 23:31:43 3.1 0.3 0.68 0.02 1.01 120.5 22.0 0.4 166.8 0.1 5.3 — =
320724001 00:11:21 ~l.6 0.2 1.6l 0.03 2.99 120.5 109.6 0.9 163.7 1.6 3.2 = c2
820724002 00:31:07 0.9 0.0 0.22 0.01 G.71 120.8 178 0.7 314.5 0.8 5.4 -2.33 A
520724003 00:40:06 -1.4 0.3 j B 0.18 0.92 120.5 36.0 1.3 162.4 2.6 6.3 i A
820724004 00:43:44 2.9 0.3 0.79 0.02 0.62 300.5 11.6 2.6 82.8 3.0 6.5 -_ A
820724005 00:44:36 -0.7 6.1 2.34 0.17 1.00 120.6 112.4 1.2 187.4 L4 4.7 =4.3& ¢2
820724006 00:47:34 1.7 0.2 0.98 0.00 0.03 120.§ 4.4 19.4 342.2 1.0 6.1 —_ -
820724007 01:02:25 8.1 12.0 0.87 0.08 1.01 120.6 113.5 0.8 174.8 1.2 6.0 -4.01 c2
820724008 01:02:51 -0.3 0.1 1.72 0.20 0.51 120.6 96.6 1.9 24B8.4 9.4 6.1 — &
820724009 O0L:04:17 1.0 d.1 0.44 0.a7 0.57 120.6 70.0 3.6 295.5 14.2 7.0 -3.98 A
820724010 01:03:18 2.7 0.1 0.83 0.01 1.00 120.6 5.8 0.1 197.2 0.1 6.9 -2.14 c1
820724011 01:13:22 3.4 0.4 0.77 0.03 €.73 129.6 29.5 1.4 241.5 2.1 6.6 -3.02 Cl
820724012 01:15:02 -1.7 0.3 1.61 0.15 1.0l 120.56 132.6 1.4 188.8 L.6 5.7 -4.33 A
; 820724013 01:31:31 0.8 0.1 0.35 Q.06 0.37 120.6 116.9 5.9 38.1 10.6 5.5 - c2
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TABLE II. I[S1T camera meteors.

[.D. No. E:5.T- a da e de q o i di  w dw Mag log(mass) Type
820724014 01:38:39 1.9 0.1 0.48 0.C3 1.01 120.6 20.8 0.7 189.8 1.3 7.0 =2.71 212.
820724015 01:43:56 1.0 0.1 0.08 0.10 0.22 300.6 155.0 5.5 253.9 45.8 5.0 =
820724016 O0OL:46:47 a.7 0.0 0.54 0.07 0.32 1i20.0 15.9 2.6 '339.9 2.2 T2 -3.81 A
320724017 01:48:42 0.8 0.0 0.43 0.03 0.39 300.5 166.6 4a00 E5158 4.2 5.6 T =
820724018 01:50:45 -1.3 0.1 L.58 0.04 0.78 120.6 143.0 1.0 128.1 0.9 3.3 i -
820724019 02:09:20 8.0 L.4 0.90 0.02 0.8%4 120.6 15.0 0.8 230.9 1.0 3.5 — .
820724020 02:09:29 1.3 0.0 0.67 0.01 0.44 300.5 14.1 0.3 1i4.1 0.3 6.0 == A
820724021 02:09:42 23 0.1 0.56 0.01 1.01 120.6 12.6 0.2 170.6 Q.2 6.8 — c1
820724022 02:11:48 11.7 s 0.92 0.08 0.93 120.6 103.6 0o%: 2135 2.3 6.0 -3.89 cz
820724023 02:18:18 1.9 0.8 0.54 0.13 0.90 120.6 143.5 9.5 228.1 22.7 5.9 — =
820724024 02:28:27 1.7 d.3 0.51 0.07 0.82 120.6 138.9 2.3 1ll4.7 7.2 5.8 =413 cz
820724025 02:30:13 5.2 L.6 0.81 0.04 0.97 120.6 164.5 2.5 207.1 3.2 4.8 =3.77 c2
820724026 02:137:44 7.4 4.9 0.89 0.05 0.84 300.6 161.% 2.1 51.0 2i0 5:3 i =
820724027 02:39:51 1.5 0.3 0.32 0.13 1.00 120.6 48.8 3.3 200.2 6.3 7.3 -3.79 CL
820724028 02:42:39 2.0 0.1 0.55 0.02 0.90 120.6 34.0 N.5 225.6 (855 6.7 == A
320724029 (02:45:42 1.1 0.1 0.18 0.04 0.50 120.6 117.9 2.0 258.3 2.7 5.3 -3.84 c2
820724030 02:59:08 L9 0-1 0.47 0.02 1.01 t22.7 B | 0.1 181.8 0.2 6.7 = =
820724031 02:59:24 h.6 7.8 0.88 0.11 0.76 3cD.7 155.8 9.3 /2.3 4.8 5.1 = c2
820724032 03:02:26 1.6 0.2 0.85 0.01 9.24 12¢.7 132.6 3.2 48.4 3.3 5.0 -3.74 c2
820724033 03:03:05 0.9 0.0  0.39 0.03 0.53 120.7 3.0 3oL 315.3 3.0 Fud -3.23 oL
820724034 22:46:35 0.9 0.1 0.26 0.04 0.67 121.4 55.0 2.3 309.2 12.4 6.9 -3.66 Cl
820724035 23:00:42 2.9 0.5 0.67 0.06 0.97 121.4 LbS 1.6 208.4 1.4 T2 -2.93 cl
820724036 23:03:18 9.9 — 0.92 0.14 0.82 121.5 63.9 23 L27.3 3.4 6.3 -3.76 cz2
820724037 23:10:14 2.9 0.3 0.79 0.02 0.61 121.5 18.2 1.3 264.5 0.6 6.4 -3.05 A
820724038 23:17:43 4.0 0.4 0.76 0.03 0.95 121.5 6.5 L. 211.3 1.6 3l e cl
320724039 23:19:26 1%3 0.1 0.21 0.07 1.00 121.5 1%0.1 32 136:5 LE.3 5.6 =4.16 c2
820724040 23:26:33 e 0.1 0.41 0.03 1.0t i21.5 14.8 0.7 189.7 0.3 7.6 -2.74 A
820724041 23:42:38 2.8 a.1 0.71 0.01 0.82 121.5 229 0.3 E22.3 0.2 6.7 == CcL
820724042 23:46:58 2.2 0.1 0.54 0.02 1.1 L21a5 17.8 B3 L7R2 0.2 1.0 =2.44 Cl
820725001 00:06:52 -1.0 0.1 1.96 .07 0.98 121.5 94.2 0.4 61.2 0.6 4.0 =3.48 c2
820725002 00:16:15 j.6 3.3 0.99 0.00 0.03 121.5 32.1 B.2 341.4 L.l 5-3 = =
820725003 00:16:15 5-1 L2 0.89 9.02 0.5 121.5 31.0 L.2 267.8 L.0 6.6 = =
820725004 00:19:15 0.9 0.0 0.75 0.02 0.23 301.5 6.5 1.8 142.8 1.t 6.4 == cl
820725005 00:27:15 146.5 I 1-00 0.00 0.02 121.5 76.2 14.0 343.1 2.8 5.9 = A
820725006 00:28:39 12.8 3.1 1.00 0.00 0.03 121.5 48.2 5.6 339.5 1.8 5.4 e =
TABLE IT. ISIT camera meteors.
I.D. No. E.S.T. a da e de q 0 i di w dw  Mag log(mass) Type
820725007 00:31:16 0.7 0.0 0.39 0.0L 0.45 301.5 5.6 0:2 179.1 0.2 7.4 =2.03 cl
820725008 00:31:58 3.1 0.8 0.76 0.04 0.74 121.5 42.2 1.0 248.6 1.1 7.5 -3.68 A
320725009 00:36:37 -0.4 0.0 2.83 0.Ch D.81 121.5 25.8 0.9 137.0 0.2 6.0 = -
820725010 01:00:538 L:2 0.2 0.17 0.10 G.99 121.5 50.6 329 210 12.8 7.5 -3.68 Ccl
820725011 0l:21:03 0.3 0.0 0.42 0.03 0.48 301.5 160.2 25T 1407 el 5.2 o €2
320725012 01:23:10 2.8 1.4 0.62 0.13 1.01 121.3 79.4 2.00 175:6 1.6 6.3 -4.07 A
820725013 01:28:45 I | 0.4 0.48 0.12 0.69 121.5 B3.1 5.0 269.6 2552 5.9 = 2
B20725014 01:42:41 0.8 0.1 0.91 0.04 0.07 121.6 7.3 33.2 342.2 TaF 6.7 — -
820725015 01:44:37 2.9 0.7 0.66 Q.07 1.00 121.6 135.4 L.1 'l63.8 1.7 2.4 ey -
820725016 01:56:03 -14.0 7.3 1.07 0.07 L.00 121.6 138.4 1.0 195.2 1.4 5.9 —4.04 c2
820725017 0L:56:42 -3.3 Ll 1.23 0.11 0.75 121.6 124.5 1 sl Ly L 3.3 4.0 — e
820725018 02:05:32 3.2 23 0.71 0.13 0.95 121.6 124.9 4.3 7213.3 B.4 5.5 —— =
820725019 02:09:34 0.7 0.0 0.67 0.05 0.22 121.8 22.9 5.2 345.0 0.6 el -3.09 cL
B20725020 02:26:41 2.0 0.3 0.49 0.07 L.00 121.6 39.6 1.7 195:0 o3 6.3 -3.14 cl
320725021 02:40:48 8.1 6.3 0.91 Q.04 0.71 121.8 l44.2 1.5 112.1 23 5l =-3.76 c2
820725022 02:44:44 0.7 a.0 0.43 0.04 0.40 121.6 7.0 3.0 355:4 245 7.0 =2.23 A
820725022 02:54:50 -0.5 0.1 3.03 0.37 0.98 121.6 1l4.6 1.7 162:9 2.0 .9 == c2
820811001 23:02:32 1.4 0.1 0.29 0.04 0.99 138.7 39.3 1.5 151-& 2.7 T<5 -3.51 A
820811002 23:11:14 -26.1 i L.04 0.132 1.01 138.7 13.2 0 ALY D 3.6 6.6 — c1
820811003 23:11:27 2.9 a.4 0.466 0.05 0.98 138.7 26.7 0.9 204.0 0.5 6.9 -2.80 C1
820811004 23:20:49 5.1 3.5 0.81 0.08 0.98 138.7 42.9 L.4 201.0 0.6 5.9 =2.99 ClL
820811005 23:31:05-395.8 605.9 L.00 0.08 0.96 138.7 109.8 123 - LLEZET 2.2 5.5 =-3.95 c2
820811006 23:31:55 1.0 0.0 0.08 0.00 0.90 138.7 2151 2.9 65.2 4.6 7.8 =2.49 Cl
820811007 23:38:08 2.7 0.2 0.62 0.02 1.00 138.7 30.3 0.5 196.3 0.2 6.2 -2.66 ClL
820811008 23:53:00 23.2 e 0.39 0.03 0.26 138.7 2T 11.1 299.9 3.9 6.2 e =
BZ0811009 23:54:47 7.6 3.2 0.94 0.02 0.44 138.7 27.3 1.5 379.7 {5k 5.9 = cl
820811010 23:57:12 -2.8 0.7 1.35 0.12 0.%6 138.7 120.3 2.2 I55.8 4.2 5.6 e c2
820812001 00:03:32 Tk 0.1 0.75 a.01 0.38 318.7 17.8 2.0 1LF.S 3.4 6.1 — -
820812002 (0:12:08 2.2 2.5 0.589 0.18 0.68 133.7 135.0 12.3 101.2 17.8 5.1 i c2
820812003 00:16:25 -2.2 0.5 1.19 0.06 0.44 138.7 82.9 2.1 272.5 8.9 2.9 o= A
820812004 00:19:04 2.3 0.2 Q.60 0.03 0.89 138.7 111.7 1.0 133.1 2.9 3.6 -2.98 cz
820812005 00:22:17 0.9 0.0 0.42 0.02 0.53 138.7 111.5 1.6 50.3 5.0 4.0 -3.28 c2
820812006 00:28:16 2.6 0.2 0.63 0.02 0.97 138.7 26.5 0.5 208.4 0.5 6.6 e cl
820812007 00:33:32 2.7 0.2 0.67 0.02 0.89 138.7 24.2 0.5 225.8 0.5 6.3 e A
820812008 0C:38:48 10.3 5.1 0.93 0.03 0.70 138.7 18.1 2.4 249.4 1:8 555 i Ccl
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Q i di 3 dw  Mag log(mass) Type
138.7 2.8 0.6 320.% 3.8 5.3 -2.36 A
3187 L=7 0.5 13506 18L.3 7.0 -2.54 A
138.:8, 129.5 16-3 e .8 5.4 -3.46 B2
318.5° 139.1 13.6 3561 3.7 4.5 A
318.8 7.3 24.6 1B2.3 18L.0 4.9 =3+1h cl
138.8 -liZ.s 2o 1373 62 5:3 —= c2
138.8 27.5 20-.2 343.8 8 5.9 oo A
14,3 L3 0.0 131.1 158.2 3.9 == El
318.8 31i.1 o U bl 5.0 3.0 e &
EIRIH (EORY L.6 142.4 2.5 4.0 == c2
138.3 32.8 13 LT3 c.8 5.3 e =
138.5 +7.6 Vi 201.L 1.z 5.7 -3.41 Cl
138.3 SR 755 3EL.S 4.8 3 w3 == A
133.8 11i.0 0.1 an.y 2.5 o P = c2
128.3. 106.3 222 Z2343 3.4 5.6 =4, 48 c2
318.3 134.5 6.4 ill.3 7.4 Sl c2
138.8 110.3 bl T4.9 AL 3.8 -3.14 02
138.8 35.4 4.2 3.8 1.9 5.9 =325 CL
138:8 Ll 1.2 1874 3.2 6.3 =356 cl
1383 1316 0.7 L4l.9 2.% Biatd -3.73 c2
i35.8 11h.D 0.7 154.4 1.4 2.9 4,07 c2
138.5 tl6.2 l.6 158.8 2.0 4.3 -3.02 c2
138.8 150.3 1.4 163.7 1.2 5.5 -4.,32 A
138.8 43.3 3.4 $2.3 3.2 5.8 — =
3.8 1742 1.5 348.3 L2 3.0 = <4
13858 11353 Tk LN 4.8 3.4 -31.93 g2
138.8 113.0 2.9 144 g.1 4.3 - =
128.3 nn.s 2.3 ] Easd 7.4 -3.74 cl
138.3 R Loz 12553 3.5 5.0 s G2
138.3 W 2.3 169.3 1.8 5 =427 A
138.8 L13.4 0.8 Ll45.3 1.8 3.8 -3.33 c2
138.3 108.6 1.9 138.1 6.4 6.1 -4.18 c2

Lo
TABLE II. [SIT zcamera mereors.

I.D. Ho. E.5.T- a da [} de q

320812009 0.5 3.0 0.42 0.01 0.483
320812010 n.3 0«0 D51 0.01 0.41
420812011 Q.7 2.0 0.93 0.05 0.05
320812012 =Lad 0.8 L.75 23k 1.01
820812013 0.7 0.0 L.0 0.00 0.00
A208120L4 3.1 123 0.71 3.09 0.9
320812015 2.3 0.5 9.99 0.01 Q.03
820312016 1.0 3.0 0.02 0.00 .38
320812017 2.2 0.3 0.94 J.0L d.15
320812018 3.4 2.9 0.583 0.06 0.92
A20812019 =L 5 0.% 1.47 3.05 0.89
320812020 1.8 0.2 0.43 0.03 .99
320812021 3.4 Q.9 057 0.01 0.09
320812022 Ll n.s .52 0.17 .36
820812023 32 1.3 Pk D22 0.36
320812024 =378 S L.o1 0.406 0.32
320312023 JEE 2.0 0.35 .01 .88
320812026 9.7 1.0 0.38 5.02 0.43
320812027 2.6 055 0.62 0.06 1.00
820812028 ! 2.4 a.5 0.51 0.05 0.93
320812029 Z =-7.0 J.1 1.14 3,10 0.36
320812030 2 | 0 -2.5 0.3 1.38 D7 0.97
820812031 02:34:02 -L.2 0.1 1.82 2.1t 0.99
320312032 135:54 2.5 0.3 .93 n.ot .16
3208120633 . ol S T 0.3 L.21 .10 1.00
320812034 SRt 32 2 Q.72 0.13 .50
320812035 :43:49 5.2 e n.82 0.22 n.33
320812334 $50:39 0.9 0.1 2.09 0.06 0.84
320812037 29 B35 1.4 0.76 0.07 0.83
320812038 03:02:06 -B.1 4.1 L+12 0.12 L.00
82G812039 03:09:42 3.1 T3.3 .90 0.06 .92
320812040 03:L4:28 2.2 1.1 0.38 0.14 0.91

YYMMDDNNN where Y signifies year,
M month, D day and N the number that

day;

ES.T Eastern standard time in hours, minutes
seconds;

a Semi-major axis (A.U.);

da Probable error in a;

e Eccentricity;

de Probable error in e;

q Perihelion distance (A.U.);

Q Ascending Node (°);

i Inclination of the orbit (°);

di Probable error in i;

w Argument of perihelion (°);

dew Probable error in w;

Mag The absolute magnitude of the meteor;

log (mass) The logarithm to the base 10 of the pre-
atmospheric mass of the meteoroid in
grams;

Tentative classification according to Ce-
plecha’s (1958) scheme.

Type

The errors listed in Tabs I and I were obtained as
follows: the differences introduced by the likely errors
in right ascension, declination and geocentric velocity
were calculated separately and the total error in sach
of the elements was then calculated by finding the
standard deviation from the sum of the variances.

We have listed neither the errors in perihelion
distance nor in ascending node in Tabs I and II since

these were so small. Occasionaily the measurement
errors were such as to render the sign of the semi-
major axis uncertain and in such cases we have left
the entry for the error in this quantity blank.

Of all the errors in the orbital elements, probably
that in the estimate of the semi-major axis is of the
greatest interest because some of the meteors appear
to have hyperbolic orbits. The uncertainty in the semi-
major axis arises mainly from our estimates of the
likely error in the meteoroid velocity. Because the
image of the meteor on the TV frame is not a point
but a short comet-shaped object there is some arbitrar-
iness about how the position of the meteor should
be measured. It is difficult to measure the brightest
point because of effect of system noise on the me-
asurement of such a diffuse image. Even the sharpest
feature of the image, namely the leading edge, is not
very sharp and we considered our measurements
of its position to be accurate to about 3 pixels along
the line of the meteor motion although they were
usually good to about one pixel or better perpendicular
to this line.

It was distinct impression that the apparent velocity
of some meteors fluctuated as though the meteoroid
were fragmenting or had already fragmented. In such
cases the image did not seem to move uniformly
on the monitor screen from frame to frame. It is
possible that this was some effect of electronic noise
in the system but whatever the cause it had the effect
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that sometimes the probable uncertainty in

the

velocity obtained from the end points of the trail

was underestimated.

Through this analysis we have considered our
measurement errors in right ascension. declination

and geocentric meteor velocity to be uncorrelated.

This is almost certainly not the case but to incorporate
these correlations would have complicated the analysis
enormously and to do justice to the extra work involved
we would have to list not only the variances in the
elements but the cross-variances as well. We did not
consider this to be warranted but prefer to suggest that
the entries listed in Tabs [ and II be taken as represent-

ative rather than absolute.

3. Cosmic Weights

As remarked earlier this survey does not constitute
a random sample so that the observed distributions
of orbital elements are likely to present a distorted
view of the actual distributions. To minimize this as
far as possible we have adopted the system of weights
used by Jacchia and Whipple (1961) to obtain the
weighted distributions of elements discussed later.
The weighting function, CW which is given by the

formula
CW = ¥, sin (i) (2 — lfa — p)*2jVs,
in which
p=a(l — 32) -

is composed of two factors. The first account of the
dependence of mass on velocity for a given luminosity,
the mass distribution of meteoroids and the velocity
dependence of the photographic technique (Whipple,
1954) while the second involves the probability of
meteoroids in a given orbit colliding with the Earth
(Opik, 1951). We acknowledge that the first effect

may be slightly different for television methods

of observing but since the effect of the weighting
turned out to be quite small in most cases it seems

unlikely that it is sensitive to such fine details.

4. Orbital Element Frequency Distributions

a) Semi-Major Axis

Both the observed and weighted fraquency distribu-
tions of 1/a which are shown in Fig. 1 are very similar
to those found for photographic and radar meteors.
Our data confirm the trend reported by Lebedinec
(1968) that the short period tail of the distribution
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becomes more pronounced for fainter meteors. This
is possibly a result of the Poynting-Robertson effect
but it could also be caused by the diffusion of the
distribution as the result of inter-particle collisions.

Another feature which may not be significant
is the occurrence of the peak of the l/a distribution
close to 1fa = 02 A U. whereas for photographic
and radar meteors this is usually found near lja =
= 0-4 A.U. This may be the result of the sample size
coupled with the fact that, by their very nature the
position of maxima are quite sensitive to “noise’.

b) Eccentricity

Figure 2 shows the distribution of eccentricities
of the TV meteor orbits. As before the observed and
weighted distributions are very similar. Previous
photographic and radar surveys have produced an
essentially single peaked distribution with the maxi-
mum just below ¢ = 1-0. The TV meteors are markedly
different in this respect displaying a bimodal distribu-
tion with an “extra” peak close to e = 0-7. As yet
we have investigated this in any detail but feel that
it may be the result of non-random sampling or it may
be associated with asteroidal type meteor orbits (see
Section Se).

c) Perihelion Distances

Perihelion distance is a quantity which can be
calculated very precisely and so we might expect
observational errors to be less effective in obscuring
the true distribution than with the other orbital
elements. Figure 3 shows the observed and weighted
distribution of the -eceentricity—As might be expected

f’ém’ée{ 10

30,9

I I I

PEACENTAGE OF METEDRS

0.0 &0.0 an.0 120.0 tsa.o 180.72

IHCLINATICH (DEBD

Fig. 4. Distribution of inclinations. Solids line — observed,
dashed line — weighted.
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the distribution of the TV meteors is very similar to
that obtained from the Super-Schmidt data with the
excepuion that the sharp peak close to ¢ = 0-1 A.U.
in the photographic data is absent. The radar data
(Lebedinec, 1968) lead to very different distributions
of perihelion distance and it seems likely that this
may be the result of the masking effect of the “under-
dense ceiling” discussed by McKinley (1961).

d) Inclinations

It is in the distribution of orbital inclinations where
the weighting function has its greatest effect. While
it is clear that the formula will be unreliable at very
small inclinations, Opik (1951) has shown it to be
accurate to better than 10 percent for i > 0-3°. The
distribution of the inclinations of the TV meteor
otbits which is shown in Fig. 4 is very similar to that
of the Super-Schmidt meteors with the possible
exception of a minor peak close to i = 70° which
may be due to the non-random sampling. There also

seem to slightly more retrograde orbits among the Dk ]
I M
M |

TV meteors than for the photographic meteors.
5. Two Dimensional Orbital Distributions

In this section we consider the correlations between

iz

J

pairs of orbital elements. Since it is very easy to (@)

present an observation as a point on a diagram but
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much more difficult to display the cosmic weight
assigned to that observation, we have presented only
the observed distributions. We trust that this will give
a fairly reliable representation of the distributions
since the effects of the weighting seem to be small
in Figs 1 to 4.

a) Semi-Major Axis Versus Eccentricity

Figure 5 shows the distribution of orbits in semi-
major axis and eccentricity. The points necessarily
fall inside the area for which

a{_l—e}<1{a(l—:—e).

A similar plot for Super-Schmidt meteors has been
presented by Kresdk (1967) which differs markedly
from Fig. 5. Whereas the TV meteors are distributed
fairly randomly over the allowed area, the photo-
graphic meteors cluster close to the upper bound in a
for 0-6 < e < 0-8. This clustering is also visible in the
TV meteor data but on a much reduced scale. Kresdk
(1967) has identified two groups in this densely populat-
ed region: the asteroidal type of orbit which have e
close to 0-6 and those with orbits similar to those

* of short-period comets (e close to 0-75). The asteroidal

group is immediately evident in Fig. 5 and while
the cometary group is difficult to discern. It therefore
seems that the TV meteor population is either deficient
in particles in these cometary orbits or that the
cometary grouping is so diffuse as to go unnoticed.

Whipple (1954) defined an empirical criterion K
given by

K =log[a(l + e)f(l — el -1,

which he found to be very effective for distinguishing
between the orbits of comets and asteroids. Jacchia
and. Whipple (1961) found that 25 percent of their
Super-Schmidt meteors were identified as being
“asteroidal” on the basis of the K criterion. We have
icluded a line corresponding to the K criterion in Fig,
3;— those points above the line are assigned cometary
orbits while those below it are interpreted as being
asteroidal according to this scheme. The K criterion
divides the TV meteors about equally into the two
classes but not into any obvious grouping and so does
not seem to have much value in this size range as an
indicator of meteoroid type.

The above discussion does not mean that most
of the meteoroids are not of cometary origin but
rather that their orbits have been so perturbed that
they are difficult to recognize as such from their orbital
elements. Kresdk (1968) has also shown that the Poynt-
ing-Robertson effect causes the points to migrate

AR s : | T L RAE 1
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to the bottom left hand corner of the a—e diagram
and so we might expect the points corresponding
to the smaller TV meteors to be much more diffusely
distributed than those associated with the larger
photographic meteors. We might also expect a greater
proporttion of the smaller meteoroids to be products
of collisions between larger meteoroids and this too
will cause a diffuse distribution of points on the a—e
diagram.

b) Perihelion Distance Versus Inclination

The plots of perihelion distance versus inclination
are shown in Fig. 6. As might be expected geometric
selection results in high concentrations of meteors
with large perihelion distances and also with low
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inclination. There are no obvious gaps in the popula-
tion except for orbits with inclinations close to 90°
which probably results from the lack of comets
in such orbits. Although there are few orbits with
very small perihelia the proportion is more than for
the Super-Schmidt meteors. It wouid appear that if the
heat of the Sun is the cause of the paucity of photo-
graphic meteors in such orbits then possibly a plentiful
source of TY meteors exists to make up for those
lost to the heat of the Sun. Although solar heating
must cause the loss of some particles, the density
of particles should increase as we approach the Sun
as the result of the Poynting-Robertson effect and this
may to some extent make up for the losses of these
very small particles.

c) Aphelion Distance Versus [nclination

It should be noted that the aphelion distance is not
a well-determined quantity. Figure 7 shows the
distribution of aphelion distance with inclination.

This is to be compared with a similar plot by Jacchia " i

and Whipple (1961). The two diagrams are very
different, probably the most obvious feature being the
much more uniform distribution of the TV meteors,
although it should be remembered that observational
selection results in a bias in favour of retrograde
orbits (see Fig. 4). Like the Super-Schmidt data,
the TV meteors show a high concentration of aphelia
close to 2-0 A.U. The reason for this is not clear
though we doubt that it is a result of perturbations
by Mars. In strong contrast to the photographic data
are many TV meteors with retrograde orbits with
aphelia greater than 3-0 A.U. The absence of such
orbits in the Super-Schmidt data was attributed to
Jovian perturbations (Jacchia and Whipple, 1961)
and if this is the case then a powerful source of TV
meteors is required to balance the loss as in section ¢
above,

d) Semi-Major Axis Versus [nclination

According to Whipple (1948), bright meteors have
either near ecliptic asteroidal type orbits with relatively
short periods or randomly inclined orbits with long
periods. Figure 8 shows the distribution of TV meteor
orbits in 1/a and inclination. Both of Whipple's groups
of orbits are clearly visible with the “asteroidal” group
containing orbits with | < 30° and a < 10 A.U.
as was found for the bright meteors but the overall
appearance is that the cometary group embraces
the whole range of inclinations ie. near ecliptic
orbits do not seem to be excluded from the cometary
group.

Mg -03%
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el Eccentricity Versus Inclination

In order to get some clue as to what the explanation
of the double hump in Fig. 2 might be we have plotted
the distribution of eccentricity versus inclination in
Fig. 9. The peak close to ¢ = | seems to be due to
meteors with randomly distributed inclinations while
the peak close t0 e = 06 appears to be associated
with meteors with near ecliptic (asteroidal) orbits.
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6. Hyperbolic Orbits

Of the present T.V. meteor orbits, 19 percent are
hyperbolic. Undoubtedly most of these are probably
elliptical orbits which appear to be hyperbolic as the
resuit of observational error. It is interesting to see
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how our data comipares with the photographic survey
of McCrosky and Posen (1961) which contained
almost 13 percent hyperbolic meteors while that
of Babadzahnov and Kramer (1967) contained almost
15 percent. If percentage of hyperbolic meteors 1s
a measure observational accuracy, our TV meteors
are not very much less precise than the photographic
surveys. But for at least 8 of the TV meteors measure-
ment errors do not seem large enough to account
for the high value of the eccentricity. These “inter-
stellar™ meteors constitute almost 2 percent of our
survey and this fraction is in good agreement with
Opik’s (1938) value of 3 percent for visual meteors.
The more recent work of McCrosky and Posen
(1961) and of Babadzahnov and Kramer (1967) also
contain a number of meteors with hyperbolic orbits
but unfortunately we cannot asses their statistical
significance since the probable errors in the orbital
elements are not available. At least one merteorite,
the Pultusk {Galle, 1868) had a well observed hyper-
bolic orbit.

In our sample we estimate that about 26 orbits are
hyperbolic on the basis of 95 percent confidence
limits. We have examined the original data for each
of these and reject all but 8 because of uncertainties
arising from difficulties in the velocities as mentioned
in Section 2. These are listed in Tab. ITT below. There
still remains the possibility that correlations between
the errors, as mentioned in Section 2, would shorten
this list even more.

Tabie IIT

List of hyperbolic meteors

Meteor number G':OCE“”’ICI 1
velocity (km/s)
310 730 003 67-9
310 924 007 31-3
811 104 057 . 745
820 720 001 i 636
820 721 020 763
320 724 018 7343
820 725 009 43-3
820 812 031 766

It has often been remarked that if hyperbolic meteors
are real then some should appear at geocentric velo-
cities much less than the upper limit of 72 km/s.
As can be seen from Tab. 2 at least 2 of our meteors
fulfill this requirement. It is interesting to note that

M35 -038

115

such slow yet hyperbolic meteors are found in the
surveys of both Babadzahnhov and Kramer (1967)
and McCrosky and Posen (1961). Observational
selection would tend to enhance the observed rate
of high velocity hyperbolic meteors, so that the ob-
served proporiion of slow hyperbolic meteors of 25
percent is not impiausible.

The ongin of these “interstellar” meteors —
whether they really are particles from interstellar
space or whether they are members of the solar system
dust complex which have been shifted by planetary
perturbations or knocked by collisions into these
unbound orbits is not ciear. But is does look as
though Opik’s view may be correct that a small yet
significant component of the sporadic meteor popula-
tion may have these highly eccentric orbits.
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HABJIIOLEHWA 454 TEJEBH3MOHHBIX METEOPOB C OBVX CTARLIMM

1. Cocmas.iargue waceenus

B CTuTee ONMHCBLIBAKOTCH PE3YALTATHEI AHANH3A HACENEHHH, OCHOBAHHOTO HA BLICOTAX TOHEK NOABNeHHA 454
TenesH3MOHHbIX METEOpOB, Habmomasmuxcs ¢ OBYX cTaxumit. IIpmcytcTByioT oGa yposua A u C, paxee
samedeHHbie B JaHHeix Cynep-IIMUATOB i DOATBEDKIASTCA CyMecTB0BaHue rpynns! C3, 0 KOTopoit npeasapu-
TeBHO COOOWIANOCH B MANOM 0030pe TeIeBH3NOHERIX MeTeopoB. Jua C, ume Goslee BBICOKOro M3 OBYX YpOB-
Heif NPeICTaBIACTCA OCHOBHBIM MEXAHHIMOM OTIAYH TEILUId W3/TYIEHNE, B TO BPEMSA KaK JA HIDKHETO YPOBHN
npejacTaBnfAeTca GoJee BAKHBIM TENIOBOI NPOBOS BO BHYTDPb MeTeopHOTO Tena. CBOHCTBA MaTepHAala 4acTHLL
BEDXHEIO VPOBHA ONPEIENAOTCH C TpYJOM, M 3TH METCOPHEIE TE€la MOTYT 6[:1"[']: KaK MOPHCTRIMHM, TAK H KaM-
| HeOODPA3HBIMY, eCIH OHK Mampie. C IpyTol CTOPOHBI CPAaBHEHHE TEOPHH H HaGIrofeHuit BeaeT K TpeGoBaHmIO,
: ‘{TOE’EI METCODHBIC TEId A COCTOAMM H3 IUIOTHOTO MaTEpHaAna C OOBOJABHO BBICOKOI TEMIONPpOBOIHOCTRID,
kax kavHH. OBCYRIaeTCN NPOHCXOAKTEHHE rPyITsl C3 # BepoATHOE DOLACHEHHE YCMATPHBASTCA B 3ABHCHMOCTH
OT MacChl BHIOPACKIBAHHA MMBUTH W3 KOMETHl PONOHAYANEHHILL. ~ BE—

2 N fa
14 This paper describes the results of a population analysis based on the beginning heights of 454 doubly %:r\ (BRT)
observed TV meteors. Both the A and C levels previously seen in the Super-Schmidt daxa are present and

| the existence of the C3 group previously reported in a small TV meteor survey is confirmed. For the C or

& higher of the two levels radiation cooling appears to be the dominant heat loss mechanism while for the

3 lower level thermal conduction into the interior of the meteoroid seem to be more important. The material

properties of the particles in the upper level are difficult to determine and these meteoroids may be either

porous or stony provided they are small. On the other hand comparisen of theory and observation seems

to demand that the A meteoreids be of a dense material with a fairly high thermal conductivity such as stone.

The origin of the C3 group is discussed and a probable explanation is seen in the mass dependence of the

ejection of dust from the parent comet.

1. Introduction cooling for small bodies or by thermal diffusion

; 2 2 s : ; limited conduction for large bodies which leads to
This paper constitutes the third in a series which

has already dealt with the trajectories (Sarma and (L.1) 0p = v,
Jones, 1985) and orbits (Jones and Sarma, 1985)
of 454 doubly observed TV meteors. The main impetus
for this work came from a previous study (Hawkes,
Jones and Ceplecha, 1984) which examined the
populations and orbits of a relatively small number
(84) of TV meteors which confirmed the existence
among such faint meteors of the discrete level structure
first discovered by Ceplecha (1958) and Jacchia (1958).
A particularly interesting parameter of the meteor
- trajectory is the beginning height because its interpret-
ation is not complicated by the subsequent evaporation
E as is the height of maximum I[uminosity and the
ending height. Depending on the meteoroid size this
beginning height is determined either by radiation

where g, is the air density at the onset of evaporation
and v, is the velocity of the meteoroid outside the
atmosphere and n = —3-0 for small meteoroids or
n = —2-5 for large meteoroids. (Hawkes et al.,, 1984).

Of course the actual situation may be complicated
by the fact that some meteoroids may have already
disintegrated into a cluster of much smaller particles
before the onset of evaporation as has been suggested
by Hawkes and Jones (1975). Nevertheless, it is a fact
that the beginning heights of photographic meteors
do conform to this simple model with n = —2-5 as
was found by Ceplecha (1967). Perhaps Ceplecha’s
most interesting finding was that there are two distinct
levels separated by about 10 km for the onset of lu-
Bull. Astron. Inst. Czechosl. 36 (1985), 116—122. minosity for photographic meteors and it was natural
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to suppose that this separation was the consequence
of two populations of meteoroid of different density.
Those associated with the higher level Ceplecha
called ‘C’ meteors and those with the lower level A’
meteors. In addition to this he also identified a small
intermediate B group. Even within the two main levels
subgroups were found to exist — the major division
being in the C meteors which were found to be either

C1 with short-period ecliptically inclined orbits or C2.

which had long-period randomly inclined orbits.
Ceplecha also found a large number of subgroups
among the short-period ecliptically inclined A meteors.

It is understandable that the interpretation of these
findings met with some criticism (Verniani, 1967)
although the facts themselves are beyond question
and confirmation of this structure in the beginning
height was sought in the radio meteor data. Unfortun-
ately no significant structure was seen (see for example
Sekanina, 1978) and the matter was dropped until
taken up again by Hawkes, Jones and Ceplecha (1984)
with the study of TV meteors. Not only did they
confirm the photographic results but they also found
a new C3 group of meteors with short-period randomly
inclined orbits. By this time it had become clear that
the failure of the radar meteor method to detect the
structure in the beginning heights was due in large
measure to the severe observational selection effect
of the so-called “under-dense™ ceiling which has been
discussed in detail by McKinley (1961).

The previous TV meteor sample was very small
and the present paper describes the population analysis
of 454 TV meteors which are not only on average 3
magnitudes fainter but are also considerably more
accurate. The observational details are given in Sarma
and Jones (1985) and Jones and Sarma (1985).

2. Discrete Levels of Beginning Heights

Since the scale height of the atmosphere varies
considerably in the meteor region we prefer to work
in terms of atmospheric density rather than height
and Figure 1 shows a plot of beginning air densities
versus v, together with the lines corresponding to the
A and C levels found in the photographic meteor data.
The C line agrees remarkably well with the cluster
of points at the top of the diagram and there seems
to be a grouping of points round the A line though
the concentration is less marked, containing mostly
medium and high velocity meteors in contrast to the
photographic meteors which exhibited a high concen-
tration close to v,, = 17 km/s. Nonetheless, considering
that the lines were obtained frem the Super-Schmidt
photographic data the agreement is noteworthy.
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Fig. 1. Comparison of the atmospheric density at onset
of luminosity of TV meteors with the Super-Schmidt A and C
levels.
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The absence of a high proportion of low velocity
meteors confirms the findings of the earlier TV meteor
study of Hawkes, Jones and Ceplecha (1984) who
concluded that the deficiency is either real or the
result of radiation cooling suppressing evaporation
of the meteoric material. If real, it is possibly caused
by the mass distribution index of these meteors being
somewhat less than that of the rest of the meteoroid
population.

In plotting Fig. 1 we have made no adjustments
for the zenith angle of the meteor trajectory or mass
because we judged these negligible in an earlier paper
(Sarma and Jones, 1985).

On the basis of Fig. 1 we have classified our meteors
according to Ceplecha’s (1968) scheme and the
classifications are listed in the appropriate tables
presented by Sarma and Jones (1985) and Jones and
Sarma (1985).

3. Inclinations

In Figs 2 and 3 we show the inclination (1) disteibu-
tions of both the A and the C meteors. These are
evidently similar to the corresponding distributions
for the Super-Schmidt meteors (Ceplecha, 1967) in
that few A meteors have retrograde orbits while
among the C meteors there is both a large ecliptical
component (Cl, i < 50°) and a significant fraction
with randomly inclined orbits (C2, i > 50°).

4. Semi-Major Axis Distributions
In Figs 4, 5 and 6 we present histograms of the

reciprocal semi-major axis (1/a) for the A, Cl and C2
groups. As for the Super-Schmidt meteors, the A
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Fig. 4. Distribution of the orbital semi-major axes for the A
meteors.
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and Cl groups have essentially short-period orbits
but in the case of the C2 group the TV meteors differ

markedly from the brighter photographic meteors.
Whereas the Super-Schmidt C2 meteors all have long
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Fig. 5. Distribution of the orbital semi-major axes for the C
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period orbits, the TV C2 meteors have in addition
a considerable number of short-period orbits as is
apparent from the long tail of the 1fa distribution
show in Fig. 6. Thess are undoubtedly the same C3
meteors reported by Hawkes, Jones and Ceplecha

*(1984)although the shape of the distribution is different.
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The bimodal distribution reported in the earlier paper
was much more sensitive to sampling errors and
because of inferior resolution the earlier system was
less sensitive to fast moving meteors.
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5. Semi-Major Axis — Perihelion Distance
Distributions

Having presented the orbital size and inclination
characteristics of the various groups we now wish
to show the correlation of orbital size with perihelion
distance among the groups. We feel this is best done
by means of two-dimensional plots of perihelion
distance (q) versus 1fa. There are of course many
other possible representations whioh convey essentially
the same information but of those we have tried the
q — 1/a plot seems best suited to our purpose. These
plots are given in Figs 7, 8 and 9 together with lines
denoting the evolutionary paths of orbits decaying as
a result of the Poynting-Robertson (PR) effect (this
will be discussed in detail later).
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Perhaps the most evident feature of Figs 7 and 8
is their similarity and for TV meteors it would be
difficult, if not impossible, to distinguish A from Cl
meteors on the basis of their orbital parameters.
Both groups contain meteors with ecliptically inclined
orbits and only on the average are the A meteor orbits
somewhat smaller than those of Cl meteors.

In addition to their similarity, the two distributions
are rather featureless, there being no significant
concentrations of points anywhere on the diagrams
which we might take as exemplifying that particular
group. The situation for the randomly inclined
component of the C group shown in Fig. 9 is quite
different. The strong concentration of points in the top
left hand corner of the diagram is very conspicuous
and indicates that the core of the randomly inclined C
group has very long-period orbits (¢ > 5 A.U.) which
are observed close to their perihelion passage. It was
this core that Ceplecha (1967) identified as C2 meteors
and indeed almost all the randomly inclined photo-
graphic meteors belong to this group. As well as this
long-period component Hawkes. Jones and Ceplecha
(1984) discovered a short-period fraction among TV
meteors and the present observations confirm this.
This C3 group is seen in Fig. 9 as the diffusely distribut-
ed points which occupy the region a > 5 A.U. and
which appear to be more or less uniformly scattered
in perihelion distance.

6. Comparison with the Theory of Starting Heights
For very small bodies the surface area to mass

ratio provides for efficient cooling by radiation. For
larger bodies the thermal capacity of the meteoroids
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becomes important but the transfer of heat into the
interior is usually limited by thermal diffusion which
has the effect that only the surface layer of the meteor-
oid experiences a substantial rise in temperature. The
thickness of the surface layer is determined by the time
constants of the energy flow and is proportional to
v,. The net result of these two processes is that for
very small bodies n = —3 while for large bodies
n= —2,5 in equation (1.1). The energy balance
prior to the onset of evaporation can easily be described
by a differential equation whose solution is most
conveniently obtained by numerical integration. An
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Fig. 10. Comparison of atmospheric density at onset of
luminosity of TV meteors with theoretical predictions:
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Appendix due to Ceplecha (Hawkes et al, 1934)
describes the results of such calculations for a range
of meteoroid sizes, densities and velocities. Of most
interest to us are the limiting solutions for very small
porous bodies (radiation cooling limited) and very
large stone bodies (thermal conduction limited).

In Fig. 10 we show how these limiting values
compare with our observational results for the
starting heights. The clustering of the C meteors
about the upper theoretical line in Fig. 10 cannot be
overlooked while the lower line forms a convincing
lower bound to the observed points.

It is also interesting to note that the numerical
calculation also predicts that the starting height
becomes independent of zenith angle for small meteor-
oids thus confirming our observational finding
mentioned in Section 2. This comes about because the
zenith distance does not appear in the heat balance
equation when radiation cooling is the oaly heat
loss mechanism.

Figure 11 shows some of the numerical predictions
for the beginning height for both large and small,
porous and stony bodies. It is clear that it is almost
impossible to distinguish between very small stone
and porous bodies on the basis of starting heights.
The only way of achieving the observed spread in
starting heights seems to be having stone particles as

large as 0-3 cm. The inescapable conclusion follows

that the starting heights show such a large spread
because a considerable fraction of them (the A meteors)
are stony particles in the size range 0-0l cm up to
at least 0-3 cm. The C meteors may be either of stony
or porous structure but if of stome then they are
probably of radius less than 0-01 cm. On the other hand
if they are porous then there is little restriction on
their size, since their thermal conductivity is so low
that significant transfer of heat into the body of the
meteoroid is not possible and radiation cooling is the
dominant heat loss mechanism even for large porous
meteoroids.

It is a problem to explain how single particle of the
same average mass could give rise to such a large
scatter in starting heights. The present discussion does
not exclude Ceplecha’s original suggestion that the A
meteors are stone while the C meteors are porous
which is clearly quite consistent with Fig. 11. Much
of the opposition to Ceplecha’s (1967) paper seems to
resuit from the notion that A meteors are of asteroidal
origin, whereas in fact they are asteroidal only in as
much that they behave like stone particles and have
asteroidal-like orbits. While their origin is still
a matter of debate, their resemblance to stone is well
established and the problem is to explain how such

o T s o b B e,
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particles might have a cometary origin. Hawkes and
Jones (1975) have proposed a meteoroid model which
provides an attractive alternative explanation. Accord-
ing to this model, the meteoroid is a composite body
of grains held together by a low boiling point “glue”
which releases the grains when the temperature beco-
mes high enough. The glue of meteoroids in very
short-period orbits will evaporate or sublime as the
result of solar heating thus releasing single particle
stone meteoroids in interplanetary space. The orbits
of photographic A meteoroids are significantly
smaller than those of the C group but for TV meteors
there is little difference. Even so these meteoroids
might all start off as C1 meteoroids but change to the
A group as the individual stony particles become
detached from the original composite meteoroids
because of the sublimation with age of the adhesive
material. On the other hand, the composite meteoroids
will release the grains only after they have been
sufficiently heated in the Earth’s atmosphere and the
starting heights of such meteors will be determined
by the smallest grains which we expect to be limited
by radiation cooling.

7. The Evolution of the C3 Meteoroid Group

While most of the findings of the present study
confirm the Super-Schmidt and previous TV meteor
studies, our observations of the diffuse component
of the short period fraction of the randomly inclined
group do shed new light on the C3 group which was
recently discovered by Hawkes, Jones and Ceplecha
(1984). In their discussion they concluded that the
histories of the C2 and C3 meteors must be intimately
linked and they suggested two possible mechanisms
for the production of C3 type orbits: 1) that C3
orbits are a consequence of the decay of C2 type
orbits as a result of the PR effect or 2) that the mass
dependence of the ejection velocity of the dust particles
from the parent comets must cause the diffuseness
of their orbits to increase with decreasing particle size.
We will deal with each of these suggestions in turn.

According to Wyatt and Whipple (1950) the semi-
major axis and eccentricity of an orbit under the
influence of the PR effect are related by the equation

(7‘1') Eo'slr'l[a(l . ez)] =C

where C is a constant of motion determined by the
initial conditions. It is therefore possible to calculate
lines corresponding to fixed values of C on the g — 1fa
diagram such as those shown in Figs 7, 8 and 9.

In Fig. 9 the task is to explain how the diffuse

M&5- 040

121

distribution of points which are scattered almost
uniformly over the diagram for a > 5 could have
evolved from the dense cluster of points at the top
left hand corner. It is very clear that the PR effect
was not the agency since many C3 meteors fall outside
the allowed evolutionary paths. It might be argued
that observational selection might distort the distribu-
tion of points in Fig. 9 and although this is certainly
true such distortion would only multiply the actual
distribution by some two-dimensional function and
could not generate those C3 meteors falling outside
the allowed PR evolutionary paths. We must therefore
reject the PR mechanism as the primary source of
C3 meteoroids.

Since the C3 orbits are not the product of the PR
decay of C2 orbits we are led to the conclusion that
these two groups may share a common origin and that
the orbital differences are simply a consequence of the
process of ejection of dust from the comet. It is
reasonable to suppose that the original cometary
orbits were very similar to those of the C2 meteors,
le. with 10 < @ < o and perihelia close to 1 AU.
We can calculate what ejection velocity is needed to
gxplain the observed spread d in semi-major axis
assuming the dust to be ejected at perihelion using
the equation

(7.2) d(1fa) = 2V, . Vp[V2

where V¢ is 29-7 kmys, V. is the heliocentric velocity
of the comet and Y, is the gjection velocity of the dust
particle relative to the comet. For long-period comets
lVC[ = 42 km/s and from Fig. 6 we see that d(1/a) =
= 0.6 AU which corresponds to [Vp| = 6 kms.

According to Whipple (1951) the value of ¥, for
a particie of radius r,(cm) ejected from a comet
of radius Re(km) is given by

(13) v, = (1-07 x 10°R

1/2
., 5394Rg-) [om/s]

where g, is the density of the particle (g/cm?), r is the
comet-Sun distance (AU) and 1/n is the fraction
of incident solar energy used for sublimation of the
cometary ices. With R = 1km, r = 1 AU, r,, = 0-01
cm and ¢, = 1 glem? we find V, = 32 m/s.

Whipple’s model which is based on the continuous
sublimation of the cometary ices such that the dust
particles are accelerated by the escaping gases is
obviously inadequate to explain the short-period tail
of the 1fa distribution of the C2/C3 meteors by at
least two orders of magnitude. But it is possible that
the fault lies not with the mechanism but rather
with the simplicity of Whipple’s model. The work
of Fox et al. (1983) supports the idea that the actual
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ejection velocities are probably at least an order
of magnitude greater than those predicted by Whipple's
modelh since the duration of the Geminid shower is
about 10 times as long as they predicied using Whipp-
le's model. Whether such a factor is appropriate to
other comets is uncertain but the possibility exists
that since the Geminid stream is not representative,
more typical comets may eject their dust faster than
predicted by Whipple's model by even greater factors.

The reason for the possible failure of the Whipple's
model to predict the high speed of dust ejection could
be that the mechanism of dust release is much more
complicated than envisioned by Whipple. Perhaps
instead of being shed continuously, the dust is blown
off in small explosions as the pressure of trapped
gases beccmes great encugh to rupture the surface
layer of the comet. The difficulty with this proposal
is that since the material properties of the cometary
surface are so unknown it is impossible at this stage
to make any quantitative predictions about the
likely ejection velocities and we will probably have
to rely on observational data to fill this gap.

The idea that the C3 meteors result from velocity
perturbations of C2 meteors as they pass close to peri-
helion prompts us consider whether any processes
other than the escape of cometary gases could produce
such perturbations. The main difficulty is to get
velocity changes of the order of a few kilometres
per second and it would seem that something quite
violent is required. One such process is interparticle
collisions. Because the relative energy in a collision
is so great, the smaller of the colliding particles is
always annihilated. If the larger survives the collision
it is eroded somewhat and proceeds with little change
in velocity since the mean velocity of the ejecta is

MsS- 640
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likely to be only of the order of 01 kmis (Gault et a.,
1963). It should be noted that the laboratory ejecta
data refer strictly only to basalt targets but we consider
the possibility of much greater velocities applying
to meteoric material is remote. We must therefore
reject the collisions as a means of converting C2
into C3 type orbits.
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where V is 29-7 kmy/s, V¢ is the heliocentric velocity
of the comet and V; is the ejection velocity of the dust
particle relative to the comer. For long-period comets
|Ve| = 42 km/s and from Fig. 6 we see that d(1fa) =
= 0.6 AU which corresponds to |V,| = 6 km/s.
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fe - where g, is the density of the particle (g/fom?), r is the
comet-Sun distance (AU) and 1{n is the fraction
of incident solar energy used for sublimation of the
s 2 e i 2.0 Cometary ices. With Re = Lkm, r = | AU, r, = 0:01
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Fig. 11. Theoretical predictions for several meteoroid para-
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A triply—-photographe d meteor on July 28;
1985
Katsuhito Ohtsuka and Yoshihiko Shigeno ,Tokyo Meteor Neltwork

Trajectory and orbital elements of a triply-photographed meteor on July 28, 1985
in Japan, are presented. This is a probable member of the Perseid meteor shower.

A meteor(TN 10) flared -4 magnitude was photographed simul taneously from three
stations of Tokyo Meteor Network on July 29, 1985, at 2:49:14 JST (July 28, at 17
©49:14 UT) with equartorial drived 35mm-size cameras (1). Kodak 2481 (High Speed
Infrared film) and Hoya R-60 filter were used on account of a moonlight night.
Positional and instrumental data are as follows !

Station A 1) H Lens Rotaling Sulter
Daisawa —139°40’4171 +35°390774 36m 50mmF2.0 25 (breaksssec)
Mikado — 140 22 09 + 35 16 46 40 50mmfF1.8 20

Ashigara - 1308 10 47.3 <435 19 49.5 208 28mmF1. 4 =

Standard Diviations from plate(film)-constants fit the order of 30 arc sec.
Results of trajectory and orbital elements are listed, as follows .

No. TN 10 1985- 7-28.74252 UT A @ (1050.0) 125709
App.R.P.(19se.ay a 25011 & +54187
¢ o + 0504 £ 005 ) Me teor 186211 (2)
Cor.R.P.(1950.2) a 24°98 & +55117 W (1950.0) 1556 152°8
O vroew. ay 125 13827
sinl 0.915 &) Vobs 59.1km/s v i (195a.20 1095 1136
He 106.9km Voo 59.240.6km/s e 0.9566 0.960
He 79, lkm Vi 58.0km/s aq (AL 0.97! 0.963
cosZ 0.868 ) Vi  41.3km/s aCAL), 2327 24.33

a) 0 is the angle hetween great circles of meteors from Mikailo and Ashigara.
h) Vevs is mean ohserved velocity.
¢) Z is the zenith distance of the apparenl radiant poinl.

The Comet 1862M(P/Swift-Tuttle), of which orhital elements from Mersden’s cata-
logue (2) are shown in the ahove, is known as a parent hody of the Perseid meteor
shower. Theoretical radiant point predicted from cometary orbit at X ®ci1950.0)
12550 is

R.P.c1gse.ay «a 30° & +53° A 0.226AU Vs 58.8Kkm/s
( A is closest distance between Earth-Comet orbits. )

The meteor TN 10 shows a similerity to the cometary values in radiant and orbijtal
data. Therefore, TN 10 is a probable member of the Perseids in July.

References

(1) Sky Watcher, Vol.3, No.10, 1985, p.83 (in Japanese).
(2) B.G. Marsden, “"Catalogue of Cometary Orhits”™ SAD, Cambridge MA, 198G.
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West Germany, 16 February 0200.46 GMT.
abojéﬁﬁii)ﬂﬁri?g flreba}l of -15 maximum absolute magnitude illuminated an area of
T lameter in central Europe. The fireball was photographed by 17 sta-
e TheuigpeanfniFwork (11 in wesF Germany, 5 in Czechoslovakia, and 1 in East 'Tow
ki with Stand2§dodevi§§?all gaiszge is based on two visual and one photoelectric +ou 'z

' : on of T 6 seconds. The fireball travelled - i e
Ezgiizzzgeitoiydlg % second and exhibited 2 flares: the main flare oz —?SGSbgﬁlizgl-

aste .3 seconds with brightness over -13 magni

: : : gnitude, and the termin:
Eiiigmof li absolute magpltudg, which lasted only 0.02 seconds, was fgiloséglgqlan
g fiiegailorthe;Fease in brightness. One diffraction grating spectral reccrg of

Wi lspersions down to 10 angstroms per mm is also available showing

¥ St]_ Of ironiz Calclum dagne
m
darl 15 Tl es (o] (o] ed ' g Slum, and Slll_COl’l, alld O-E “eutral

The photographs were measured by J. Bocek.

pgtations from the best records of 6 different
final results.

The fPllowing results are based on com-
stations and should be close to the

SEAN Bulletin, v. 13, no. 3 + 30 Y & BG March 31, 1988
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Fireballs (continued)

Beginning Maximum Light Terminal
Velocity (km/s) 66.2 62. 47 .
Height (km) 113.0 80.6 71.46
Latitude 48.,948°N 49.22°N 49.302°N
Longitude 11.832°W 11.52°W 11.436°W
Absolute Magnitude -4.4 -14.7 -4.6
Photometric mass (kg) 4.2 1.4 none
Z R 49.78° 50.22°

Fireball Type: IIIB (with some possibility of IIIA)
Meteorite fall is completely excluded

Radiant (1950.0) Observed Geocentric Heliocentric
Alpha 213.72° 213.62° -

Delta 4 B9 4.55° -

Lambda - - 1:85:7"

Beta - - 2750
Initial velocity (km/s) 66.2 65.1 42.0

Orbit (1950.0)

A 30.0 A.U. Omega 260.°

E 0.98 Ascending Node 326.086°

Q 0.58 AU, Inclination 144 .°

The fireball was probably a late member of the stream of Coma-Berenicids.
Information Contacts: Z. Ceplecha and P. Spurny, Ondrejov Observatory, 251 65
Ondrejov, Czechoslovakia.

USSR /near Aral Sea, 19 February, 2359 GMT Illinois, USA, 27 February, 0245 GMT (26

(20 February, 0459 local time) February, 2045 Central Standard Time)
Observer: F/0 Wolf, Lufthansa No. 737 Observer: Edwin Lacheta

(Bangkok-Frankfurt) Location: Chicago Heights (41.33°N,
Location: 46.83°N, 60.50°E, aircraft 81.38°W) !

course 325° magnetic, alt. 10.6 km Path: In N-NW, alt. 50°-55°, nearly
1=t sighting: Azim, 315°, alt,. 157 vertical descent
End sighting: Azim., 010°, alt. 14° Duration: 8-9 seconds
Duration: 15 seconds Magnitude: Much brighter than full moon
Magnitude: Brighter than full moon Color: Bright blue with burning edges
Coloxr: White Trail: Blue, halo-like on trailing edge
Size: Half diameter of full moon Termination: Fell behind buildings
Termination: Fragmented into 3 pieces: Information Contact: Edwin Lacheta,

1 bright with tail; 2 bright as stars Chicago Heights, Illinois.

Information Contact: Same as for Newfound-
land, Canada.

Central Great Lakes, USA, 28 March, 0110 GMT (27 March, 2010 Eastern Standard Time).

Many people reported seeing a fireball traveling generally N-E or NW-SE at a low
B 7 57, S, 1 - HL WSS, WV S L S (74 ML aar sartherlar eighltines were from the Milwaukee, Wisconsin
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Meteor Luminosity at 160 km altitude from TV observations
for bright Leonid meteors.
Yasunori Fujiwara, Masayoshi Ueda, Yasuo Shiba, Masatoshi Sugimoto, Masao
Kinoshita, Chikara Shimoda
Nippon Meteor Society, Japan
and Takuji Nakamura
Radio Atmospheric Science Center, Kyoto University, Kyoto, Japan
Short title: METEOR LUMINOSITY AT 160 KM ALTITUDE
submitted to the GreoPhysicM Rescach JLetters Af&(?- 1977

2

Abstract. Two atmospheric trajectories have been determined by simultaneous
observations with image intensifier-fitted TV cameras and conventional photographic
cameras for two bright Leonid meteors (fireballs) in 1995 and 1996. Beginning heights
recorded by the photographic method are lower than about 130 km, but those observed
by the TV systems are closer to 160 km. The primary reason for this difference is the
sensitivity of the observing systems. However, the difference in the sensitive wavelengths
(up to 900 nm for the TV systems) could be another factor contributing to the large
difference between the two method. This result suggests that the beginning heights
of high speed bright meteors such as Leonid meteors are much higher than previously

expected.
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1. Introduction

Meteor is a phenomenon of luminosity and ionization caused by the impinging of
meteoroid into the earth’s atmosphere. The height range of meteor luminosity is related
to the physical characteristics of the meteoroid as well as the impinging velocity to
the earth (Ceplecha, 1968). According to the data base of about 4,500 photographic
meteors at the IJAU Meteor Data Center (Lindblad, 1995), the average meteor beginning
height is 96.2 km, and the maximum beginning height recorded was 138.3 km, with the
meteors with beginning height of over 120 km and 130 km are 35 records (0.8%) and
7 records (0.2%), respectively. On the other hand, sensitive TV camera observations
have recently become popular and have been used to determine the orbit of meteors
(Hawkes et al,1984; Sarma and Jones,1985). Those studies indicated very few meteors
at heights greater than 120 km. Ueda and Fujiwara(1995) have determined the orbits
of meteors by the double station TV observations, and found that the average meteor
beginning height is 107 km and few of them are observed to be above 120 km, with only
two meteors to be above 130km (maximum height was 131 km). There are differences
in limiting magnitude for different observation systems. For example, the 35 mm small
camera can record up to 0 to +1 magnitude, and the super-schmidt camera can detect
as faint as +4 magnitude(Hawkins, 1964). The limiting magnitude for TV camera
observation is normally +6 to +8 magnitude(Fujiwara, 1993) and much more sensitive
than the previous observation systems. Despite this high sensitivity of TV systems,
the observational report mentioned above did not show a significant difference in the
scatter-diagram of meteor velocities versus beginning heights(Hawkes et al, 1984).
Woodworth and Hawkes(1996) stressed that there was a significant bias against very
high (and low) meteors, since the optimum intersection height for previous multistation
TV meteor studies was set to approximately 95 km and the relatively small fields of
view result in a bias against high altitude meteors. TV observation is characterized

by its high sensitivity. However, the objective lens used with the TV observation
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usually project a fairly small field, such as 20 degrees in diameter. Because of this
small field, bright meteors or fireballs are rarely recorded by the observations. In this
study, we report two cases of the Leonid fireballs observed using TV camera systems
with wide field areas, as well as the photographic measurement, and report the meteor
beginning height determined by these instruments and discuss the effect of the different

observation systems on the observed meteor height.

2. Observations

Multistation TV and photographic observations were carried out for three nights on
16-18 of November 1995 and 16-17 of November 1996, aiming at bright Leonid meteors.
The observational sites and the equipments are given in Tables 1. The TV observation
systems utilize the image intensifiers (1.I.) produced by Hamamatsu Photonics(V3287P)
and 8 mm video recorders. Further details have been described elsewhere(Fujiwara,
1993; Ueda and Fujiwara, 1995). The objective lenses were wide-angle ones with the
focal length of 24-28 mm, in order to observe bright meteors or fireballs with higher
probability. For the photographic observation, both 35 mm and 6x7 size cameras were
used, and some of them were equiped with rotating-shutters in front of their lenses. The
wide-angle lenses were also used as the objective lenses. Two fireballs were observed by
these observation systems; a Leonid fireball with visual magnitude of —7 at 18:05:44
UT on November 17, 1995 (Leonid 1) was observed by four photographic cameras and
two TV systems, and another Leonid fireball with visual magnitude of —4 at 17:31:17
UT on November 16, 1996 (Leonid 2) was again recorded at two TV sites and two
photographic sites. The images recorded by TV systems were digitalized by a PC with
an image processing board, whereas most of the photographic meteors were analyzed
with a film scanner or photo-CD by a PC software. The position of the meteor trail and
of a number of surrounding reference stars (typically 15 for each meteor) were measured.

The computer program to reduce positions of meteors from the digitized images was
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developed by Hanaoka (1991, private communication). On some of the photographic
meteors (Nos.5 and 6 of Leonid 1), on the other hand, positions were measured on the
printed photographs. The standard deviation errors of the measured positions of each
observations were also shown in Table 1. For the photographic meteors, the magnitudes
were estimated by measureing the image density. However, these magnitudes could
not be determined from TV images since these meteor images were saturated because
of their brightness. The meteor trajectories in the atmosphere and the heliocentric
orbits were calculated in a standard method (Hasegawa, 1983). The beginning and
terminal heigh-ts of each meteor are determined by the combination of cbservational
sites, independently, by intersecting the meteor trajectry by the angles observed from
each site. Then the beginning and terminal heights are avereged on the observations at
each site, and given in Table 2 and in Figures 1 and 2. Trajectory and orbital data are

presented in Tables 3 , respectively.

3. Results and Discussions

As shown in Table 2 and Figure 1, the meteor beginning heights determined by the
photographic observations were between about 130 and 110 km. In the photographic
meteor file of JAU Meteor Data Center, 23 meteors are recorded as Leonid meteors,
which have determinations of beginning heights. These beginning heights ranges
from about 110 km to 128 km with an average of 114.4 km, which is very similar to
our current analysis. On the other hand, the beginning heights obtained by the TV
observations in the present study were about 160 km, which is much higher than those
determined by photographic technique.

Ueda and Fujiwara(1995) have determined the trajectory of seven Leonid meteors.
They further observed ten Leonid meteors by more recent observations (Ueda and
Fujiwara, 1997, private communication). For these 17 Leonid meteors by TV

observations with magnitudes of +0 to +7, they found that the average beginning height
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was slightly higher than that of the photographic meteors, but the distribution itself,
128-106 km, was similar to that by photographic meteors.

These results suggests that the meteoroids threw off from comets with a large
mass and a large impinging speed, which are easily broken, start luminating at a much
higher altitude (about 160 km) than the beginning heights previously known by the
photographic observations (up to 130 km). Since TV observations with L.I. system are
sensitive to a longer wavelength (up to about 900 nm), the luminosity at very high
altitudes as shown in this study could be due to the infrared luminosity in the upper
atmosphere. Although we cannot make a clear conclusion by the only two examples
shown here, we suggest that meteor observations with wide-field TV camera systems
with an infrared sensitivity would be very valuable to clarify the luminosity mechanism

of the meteors at very high altitudes.

4. Summary

We have observed two Leonid fireballs from simultaneous TV and photographic
observations, and the beggining heights were found to be around 160 km, which were
extremely higher than the previous observations. Thus, at least the luminosity of the
Leonid fireballs starts at much higher altitude than is considered from the previous

photographic observations.

Acknowledgments. The authors are grateful to U. Takeuchi, S. Ida and A. Inaka for

providing their data.
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Table 1. List of the observer, observing site and the equipment

Leonid 1.(1995-11-17 18h05m44s)

No. Observer  Site M  Lens Field of view L.M. Error
] Sugimoto  Shigaraki TV 24mm F1.4 ¢48° 6.5  8.08
2 Takeuchi  Handa TV 58mm F1.4 ¢25° 7.0 4.39
3  Ueda Shigaraki P* 15mm F4.0 fish eye - T.8¢
4 Ida Youkaichi P 35mm F2.0 53° x37° - 0.91
5 Inaka Gifu P 28mm F2.0 64° x45° - 2.45
6  Shiba Sanda P* 24mm F4.0 fish eye(6x7) - 1.07
Leonid 2.(1996-11-16 17h31m17s)

No. Observer Site M  Lens Field of view L.M. Error
1 Nakamura Shigaraki TV 28mm F2.0 ¢45° 6.5 5.36
2 Kinoshita Ohmihachiman TV 24mm F1.4 ¢48° 6.5 522
3  Shiba Tohjou P* 24mm F4.0 fish eye(6x7) - 1.02
4 Shimoda  Hario P* 15mm F2.8 fish eye - 2.07

M: methord of the observation(TV or P:Photograph, *:with rotating-shutter)
L.M.: the apparent limiting stellar magnitude

Error: the standard error in the position(arc minutes)
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Table 2. Beginning and terminal points of Leonid 1 and Leonid 2.

Leonid 1(1995-11-17 18h05m44s)

No. Observer M Beginning(4 , ¢ ,H,c)
1 Sugimoto TV 136.84E 34.95N 159.9 B
2 Takeuchi TV 139.85E 34.94N 160.7 A

3 Ueda P* 136.31E 34.97N 108.1 F
4 Ida P 136.50E 34.96N 128.5 D
5 Inaka P 136.39E 34.97N 117.0 E
6 Shiba P* 136.25E 34.97N 104.1 G

Terminal( 4 , ¢ ,H,c,**)
136.08E 34.97N 89.4 J **
136.50E 34.96N 127.1 C **
136.12E 34.98N 90.8 H
136.05E 34.98N 87.9 K
136.09E 34.98N 89.6 1
136.04E 34.98N 853 L

Leonid 2(1996-11-16 16h31m17s)

No. Observer M Beginning( 4 , ¢ ,H,c)

1 Nakamura TV 135.53E 34.87N 160.5 A
2 Kinoshita TV 135.51E 34.87N 159.7 B
3 Shiba P* 134.86E 34.84N 113.1 D
4 Shimoda  P* 134.72E 34.84N 103.1 E

Terminal( 4 , ¢ H,c,*)
134.58E 34.83N 91.6 F **
134.91E 34.85N 115.8 C **
134.53E 34.82N 90.1 H
134.56E 34.83N 91.5 G

M: methord of the observation(TV or P:Photograph, *:with rotating-shutter)

A :latitude in degrees, ¢ :longitide in degrees, H:height(km)

c:letter code for beginning or terminal point plotted Figs.1 and 2.

**:last observed point in the field of the view




Figure 1. Ground path of the Leonid fireballs and observer sites. Letter coding of the

path of each fierballs is set out in Table 2. Leonid 1(17 Nov.1995), Leonid 2(16 Nov.1996)
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No. Leonid 1 Leonid 2
Date 17 Nov. 1995 16 Nov. 1996
Time(UT) 18h05m44s 17h31m17s
Apparent Radiant(" ) @=153.7 a=153.2
Table 3. Trajectory and orbital data(eq.2000. §=22.2 §=22.2
each of the ﬁrejballsry (eq 460 0) fae Corrected Radiant(® ) a=153.7 a=153.4
&§=22.2 § =221
Observed Magnitude -7 -4
a :right ascension, & :declination Cos ZR 0.707 0.616
corrected radiant: corrected for diurnal aberration and Beginning point 136.85E 135.53E
zenithal attraction 34.94N 34.87N
cosZR: cosine of the zenith distance of the trajectory 160.7km 160.5km
beginning(terminal) point: (latitude in degrees, longitude Terminal point 136.04E 134.53E
in degrees, height) 34.98N 34.82N
Vobs: average observed velocity 85.3km 90.1km
Vg: velocity corrected for diurnal aberration and zenithal Velocity(km/s) Vohs=T2.1 Vobs=71.3
attraction Vg:Tl.O Vg:?ol
Vh: heliocentric velocity Vh=41.7 Vh=40.9
a: semi-major axis(AU), e:ieccentricity, q: perihelion dis- Orbital data a=17.0 a=T7.2
tance(ATU) e=0.94 e=0.86
Q: longitude of the ascending node(® ), i: inclination of q=0.98 q=0.98
the orbit(® ) £2=235.0 2=234.7
@ : argument of perihelion(® ) 1=161.8 i=162.0
R . w=171.9 ©=171.3
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Figure 2. Reduced trajectory of the Leonid fireballs:
1995), (b)Leonid 2 (16 Nov.

in Table 2.

1996) .

Note that the beginning of the emission was at 160 km.
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The coding of letters plotted is given




