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POSSIBLE SATELLITE OF (9) METIS
PHOTOGRAPHED BY CHINESE ASTRONOMERS

i Wang Sichao and David kl. Dunham.

Elongation of the photographic image of (9) Metis
has been detected on plates taken with the Chinese
Yunnan Observatory's l-m f/13 reflector on 1979
Dec. 23.; and 1980 jan. 17, 21, and Feb. g, 21, and
23; and with the Purp7e Mountain Observatory's 60-cm
f/16.7 reflector on 1980 Jan: 75. The maximum elon-
gation was 1!'2 in p.a. 24° - 204". Observed posi-
tion angles are consistent with a uniform revolution
period of about 4.61 days. The data suggest a pos-
sible satellite orbiting Metis with this period at a
mean distance of about 1100 km. The other orbital
elenents are: eccentricity, near D; 'p.a. of node,
24°; inclination to plane of sky, 100°; and epoch
of ascending node, February 2].59 U.T. The possi-

ble satellite is about 2 mag. fainter than Metis.

. ·If Metis and the satellite have similar albedoes,the diameter of the satellite would be about 60 km.
The observers were Wang Sichao and klu Yuezhen,
Purple Mountain Obs., and Bao Mengxian, Peng Liwu,
and Wu Sufang; Yunnan Observatory. One of the
images is reproduced in Figure 1.
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Fig. 1. The image of Metis on the

..- plate taken on 1980 Feb. 20 atYunnan Observatory; magnification
is approximately [45 times as re-
duced by the printer]. The possi-
ble satellite is the slight bulge
(just separated) to the left of
the top (north) of the image of
the minor planet.

FROM THE PUBLISHER

For subscription purposes, this is the first issue

·. of 1981.

o.n.'s price is $1/.issue, or $4/year (4 issues) in-
c1udin$j first class surface mailing, and air mail to
Mexico. Back issues also are priced at $1/issue.
Please see the masthead for the ordering address.

Air mail shipment of o.n. subscriptions currently is
$1.80/year" extra, outside the U.S.A., Canada, and
Mexico, being tied to all-too-frequent changes in"
postal rates. The last change in overseas rates
came on ]981 January I; it renains to be seen wheth-
er or not the change in rates due on 1981 March 22
will affect overseas rates. '

IOTA mwbership, subscription included, is $7/year
for residents of North America (including Mexico)
and $9/year for others, to cover costs of overseas
air mail. European (ordinarily excjuding Spain and
Portugal) and U. K. observers should join iota/es,
sending DM 12.-- to Hans j. Bode, Barto1d-knaust
Str. 8, 3000 Hannover 91, German Federal Republic.
Spanish, Portuguese, and Latin American occultation
observers ordinarily may have free mmbership in

1 IOTA/LAS, including OccuZtati?n Newsletter en Es-.
panoi, by contacting Sr. Francisco Diego Q., Ixpan-
tenco 26-bis, Real dc 1os.Reyes, Coyoacdn, Mexico,

' D.F., Mexico. Currently, however, the Latin American
Section is experiencing problems with funding, and
for the time being, it may be necessary for muld-be
IOTA/LAS members to subscribe to the English-lan-
guage edition of o.n., or to join the parent IOTA.

The size and mean distance of this object agree well
-- with the corresponding values (65 km and 911 km) de-

duced from the secondary occuitation timed at Bar-
quisimeto, Venezuela. during Metis' apputse with SAD
80950 on 1979 Dec. ii; see o.n. 2 (8) 86 and (9)
103. However, the position angle of the Barquisime-
to object does not agree with the above orbital ele-
ments. ThQ discrepancy could be removed if the per-
iod were 4.57 and the inclination about 130°; fur-
ther investigation is being made to see if these
values are compatibie with the photographic data.

The period and distance of the satellite imply that
the mass of Metis is 2.5 X 10"f2 Solar mass, or 4.9
x 7021 grams. A lower limit to Metis' diameter, 127
km, is given by Ma1ey's and Nissen's occultation
timings at Georgetown, Guyana. An upper limit is
given by the value of 168 km given in the TRIAD file
in Asteroids. This is considered an upper limit
since it includes the effects of agy satellites, '
which should be subtracted. The resulting range in
density is 2.0 to 4.6 gm/cm4 a value near the mid-
dle of this range would be reasorsable.

Hopefully, conclusive confirmation of Metis' satel-
lite will come from possible as-yet unreduced spec-
kle interferometric observations made during the
very favorable early 1980 opposition, from observa-
tions of this year's occuitations of stars on either
February 12 or June 14, or from further direct ob-
servations of Ketis during its opposition three
months from now. Metis will not be as close to the
Earth (1.67 a.u.) during the 1981 oppositinn as it
was in early 1980 (1.23 a.u.), so the maximum separ-
ation should be only 0:9. Also, at declinations .
near -23°, direct observations from the Southern -
Hemisphere may be more effective.
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(IB) Melpomene has an unusually favorable opposition
(distance 0.89 a.u-) on 1981 August 22, so speckle
interferometry and direct photographic observations
have a good chance for revealing the satellite im-
plied by the 1978 Dec. 11 secondarY occultation re-
corded photoe}ectrica1ty at the Fernbank Science
Center in Atlanta, GA. During the few months sur-
rounding the opposition date, the maximum elonga-
tions of the Atlanta "satellite" should be at least
m, with the 48-km object probably about 2 magni-
tudes fainter than Melpomene itself. In addition,
there are favorable (but difficult for visual obser-
vers due to smal I magnitude drops) occultations- of
stars by Melpomene on 1981 Aug. 7 and Sept. 4.

D.IA.D. sent notice of the Chinese observations, and
details about the February 12 occultation by Metis,
to about two dozen observers in South Africa and
Zimbabwe; M. Soma' s world' map of the event was pub-
lished on p. 122 of the last issue. Plates taken at
Lick Observatory on February 4 were measured by A.
Klemola. Several faint' stars along the path were

IOTA NEWS

David 1A. Dunham

The Astronomical Division of the Japanese Hydro-
graphic Department now has the responsibility for
collecting al] lunar occultation timings, as noted
on p. 113 of the last issue. Their operation has
been designated the International Lunar 0ccu]tation
Cent.re (ILOC), since Gordon Tay7or at HMNAC remains
as tr&-igternational focus for predictions and ob-
sewdti'on-s- of occultations of stars by solar system
boccie's other than the moon. Yoshio Kubo, the acting
director of the ILOC, informs me that reports of
1980 occuitations written onto HMNA0'$ forms will be
aecepted, so if you still have not sent in your 198(1
report, send it to ILOC as soon as possible. The
new ILOC occultation report forms were sent to sev-
eral o.bServers early in February. A large supply
was sent. to USNO, which distributed them to everyone
on their active total occultation prediction mailing
?ist. .. Since the [LDC plans to use USNO'S station
codes,'these should be written on your reports, when
knowri, including reports of 1980 observations. Since
ILOC'S occultation reduction system is still being
designed,;. .there will initially be a considerable dc-

. lay before .residuals are returned to observers. But
HMNA(j 'has. been unusually slow in returning residuals
durHg..the past couple of years, so observers are
almady, accustomed to some delays. In spite of
thestj de-l.ayS: 'Dr. Kubo strongly wishes that obser-
vers..wj11 .coRtiRue to send their reports to ILOC;
the.,·dat.a,re¶ai·n valuable and will be used.

i hay'e.,g!'aae qjfew additions to the ILOC report forms
to.,prg¢ucC' IO.TP./ILOC fortns for grazing occultations;
see ,p.:.--32.5'.· -¢op.i.es of these forms have been sent to
all I(ILT'A'm]embe.fs and are .available from me, or from
Tinley'£ark,·, ,upo.n:.,r.equ·est.. . The previous IOTA ("U.
of TexaS"'"}' graze··report '.·forms· .should no. 1enger be
used. The ILOC is to be congratulated for solving
the problem of making provision on one form for all
essential data for both total occu1tations & grazes.

g

David Herald reports that, in spite of widespread
' cloudiness, some observations were made near both

limits of the anriu7ar eclipse of 1981 February 4 in
Tasmania. He noted that, although the 2nd and 3rd
contacts,were not as sharply defined as for a total

measured, as well as Metis and SAD 184474, the star
to be occulted. The observations implied a large
north shift, 0!'75, putting the path just north of
Zid)abwe's northeastern border. IQ. Warren had the
result telexed to the Astronomy Department at Cape
University from Goddard Space Flight Center; D.
Overbeek also obtained"the result by telephoning
DJLD. William Penha11ow used 7 of Klemla's sec-
ondary reference stars to reduce a p?ate he obtained
a few days before the event. These results confirm-
ed Klemola's result, but with less accuracy due to
low altitude and poor seeing. A telegram was sent "
to an astronomy club in Mauritius, which was a short
distance north of the path accordMg to Kiemola's
data, but unfortunately was received after the eventi
Skies were clear for several South African observers,
who reported no occultation, as expected from the
updated prediction. Richard Fleet, Salisbury, re-
ported heavy rain at the time in Zimbabwe.

The Chinese observations of Metis have been submit-
ted for publication in rcarus.

eclipse, the Baily bead events during the partial
phases close to the annular phase could be timed
just as well as the corresponding bead events near
the total phase of a total eclipse. Future analysis
will show how useful these 9bservations are for mon-
itoring the Solar radius compared to data from total
eclipses. Unfortunately, a New Zealand expedition
to Stewart Island was completely clouded out.

IOTA member Richard Binze1 'is to be congratulated -
for winning the American Physical Society's Apker
Award for 1980. This national honor recognizes out-
standing achievement in physics by an undergraduate
student who demonstrates great potential for future ·
scientific accomplishments. He has obtained photo-

. electric lightcurves of several asteroids and
searched the literature to find early references to
binary asteroids. Binze1 published these results in
o.n. i (IS) 152 (1978 july) and was also coauthor
with Thomas Van Flandern of the important article on
satellites of minor planets in Science 203, p. 903
(1979 March). Binze1 is now a graduate student at
the University of Texas in the Astronomy Department.
He timed the occultation by (78) Diana last Sept.

Regional networks and coordinators have been formed
for the Asteroid Intercept Radio Net (AIRN), to pro-
vide bett2r coverage across North America. The ori-
ginal schedule has been abandoned and Houston Astro-
nomical Society Member Randy Pollard, working with
Paul Maley, is the new overall AIRN coordinator, who
communicates with the other regional coordinators on
the 20-meter band.

A positive leap second will be inserted at the end "
::d':;·':':j:'g::: [m:m?:':':od!!R::n¢iE:"'

July I 00 00 DC . 'dhen USNO'S total Qccuttation
predictions were computed, it was assumed that this "
leap second would be inserted just before j981 jan.
I, but that was not done. Consequently, i should
be'added to all of the predicted times in USNC's
predictions for the first half of 1981.

The magnitude and spectral type errors in US!l0's XZ
catalog, described in o.n. 2 (6) 58-60 and mentioned
on p. 114 of the last issue, have now been correc-
ted using my K - XZ matched data read frotn magnetic
tape.
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The nodes of the Moon's orbit have regressed enough
so that occultations of most J-catalog stars are
no longer occurring. A new cata?og needs to be cre-
ated before extended-coverage USNO total occultation
predictions can be computed. More coverage of the
Milky Way is needed from the Paris zones of the As-
trographic Catalog and from IOTA'S Southern Astro-
graphic Catalog project, as well as detailed cover-
age of the Praesepe Cluster. It wi]7 take some time
to create this catalog, so unfortunately, extended-
coverage USNO total occultation predictions for 1981
will be delayed a few months.

Reprints of our science article, "Observations of a
Probable Change in the Solar Radius Between 1715 and
1979," described on p. 114 of the last issue, can .
now be obtained from me; I would appreciate long, .

· self-addressed envelopes or adhesive address labels
being sent with requests. Copies will be sent to
everyone who took part in the ]976 arid ]979 IOTA ,
total SoIar.ecjipse projects. Further informa'tion,"' '"
including the role of grazing occu1tations,.is 'given,,,
in another article, reprints of which are also
available, entitled "Determination of variations of
the solar radius from solar eclipse observations,"
by S. Sofia, A. Fiala, and me, published in Proc.
Conf. Ancient Sun (1980), p. ]47-}57 (edited by R.
Pepin, J. Eddy, and R. Merrill). The authors dis-
cuss procedures for predicting the true totality
limits (the effects of.the Lunar limb are-now com-
puted virtually automatically with a non-iterative
procedure), address errors affecting the Solar ra-
dius determinations, and describe the implications
of the results on the constancy of the Solar con-
stant.

Contrary to what was said on p. )14 of the last. is-
sue, this issue was delayed in order to give a more
complete description of important, timely material. ,

" We plan to set a mid-l\pri1 deadline for material for
the next issue, which will probably be distributed
about a month later.

GRAZING OCCULTATIONS · i

David IA. Dunham

The table lists successful, or partly sUccessful,
expeditions for grazing occultations, reports of
which have been received since the list on p. 95 of
issue No. 9 (?980 August) was prepared. The format
of the list was published in o.n., 2 {3), 27.

Reports of observations of grazing occultations
should be sent to me at P. 0. Box 488, Silver
Spring, Maryland 20907, U.S.A. If possible, a copy
of the report should be sent to the Mternationa]
Lunar Occultation Centre (ILOC), Astronomical Divi-
sion, Hydrographic Department, Tsukiji-5, Chuo-ku,
Tokyo, 104 Japan, and it should be stated on the re-
port whether or not a copy was sent" to the ILOC. If
no such indication is given, I will send a copy to
ILOC. Graze reports should no longer be sent to
HMNAO at the Royal Greenwich Observatory, Engtand.
Only the new 10TA/ILOC forms (edition of ]981 Feb)
should be used for reporting graze observations; use
of any of the earlier forms will cause cohsiderab1e
additional delay in the analysis of your data. Cop-
ies of the new IOTA/ILOC forms have been sent to all
IOTA members, and additional copies can be obtained
upon request to me or to IOTA in Tin1ey Park, IL.
If there are four or more successful stations in an

expedition, it will be necessary to use two or more
forms. If N forms are used, label them at the top,
"1 of N", "2 of N", "3 of N", . . , "N of N", or
else, for the additional observers and stations,

' use letters d, e, f, etc. and D, E, F, etc., writing
over the a, b, c, A, B, and C's on the form. The
name of the expedition leader and the data at the
bottom of the form (both sides) need to be given
only on the first form. If positions are determined
from more than one map, thiS" should be indicated oh
the bottom of the front of the forms. Expedition
"leaders may find it more convenient to give observ-
ers copies of the station observation report forms
used by IOTA up to now, and transcribe the data from
them to the new IOTA/ILOC forms. In any case, the
old forms should not be used for final reports sent
to either 1LOC or to me.

Thomas'Van Flandern has provided me with a list of
corrections to'the positions of many Z.C. and XZ
stars' based on the latest analyses of all occulta-
tion data at USNO. In Some cases, there are not

' enough early obsCrvations to determine corrections
to the proper motions, but in these cases, only the
recent data have been used to determine the correc-
tions to the position. In many cases, the correc-
tions are, smal1"and not statistically significant.
I will supply you with the shift predicted for a
graze for which you plan to lead an expedition with
four or more stations, if you send me a self-
addressed postcard or envelope and give the date,
star number (USNO or Z.C.), and position angle of

graze. '

Robert Sandy has done a prodigious amount of work
preparing reduction profiles for many of the better-
observed grazing occu1tations during the last few
years, using reduction data from computer runs
which I,'ve made at USNO. Some of his profiles are
reproduced in this issue and described in his art,i- .
cle. Marj of his profiles will not be pub1'·i:shedb-: 'it
but copies will be sent to the observers,' arid iii'i'-r"'"
be obtainable Upon request from others. One or two'
of the profiles published here were prepared by
others, as noted. A couple of other volunteers who
can prepare good-qua?ity pjots are sought to help .
Bob Sandy with this important work. Sometime during
the next several months, I hope to write programs 'to
automtically prepare Calcomp plots showing most of
the features displayed in these graze reduction pro-
files. Then it should be possible to prepare many
plots using the file of over }4,000 timings made
during grazing. occultations provided to 1JSNO by KM;

"N:A.0. a6out"a"year ajjo.

Several of the well-observed grazes during the past "
I- few years have been in the "Cassini" regions,, the .
: areas beyond (as seen from the Earth) the lunar "
i north and south poles which could not be mapped by ·
I Watts due to poor lighting caused by Cassini's 3rd""
' law. This law, a consequence of orbital dy.ndmics,
states that the planes of the Moon's equator, the
ecliptic, and the Moon's orbit intersect in a connon
node, with the ecliptic between the other two.
Using reduction profiles for these Cassini grazes,
I have considerably expanded the data base of obser"
ved graze data used by the ACLPPP profile program,"."
so that the Cassini regions are now rather well"' '
represented on the predicted profiles. This wijl··"'
result in better predictions for grazes in these'.
areas.

. . . .
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There is renewed inter- Star % # # C Ap
est in grazing occulta- !Ljz 9l Number Mag Sn1 .CA, Location Sta jrn,C. !:m, Organizer ,S,t, ytt, ,b,

:tions from the eclipse
'analyses mentioned in ?977

IOTA NHS. Graze data 11 20 3520 6.0 74+ 5S Obihiro, Japan }4 29 7 6 Hidetoshi Yoshida 177-12
are needed to refine our

'knowledge of the polar 1978 "
profiles so that various 5 11 1003 7.2 17+ 2X Sapporo, Japan 7 29 6 Hideo GOtO 6 7]

'lunar valleys can be re- 9 22 0729 7.2 66- 9N Sadohara, JapaR 2 2 6 25 F. Yamaguchi (ILOC) 348 70
'lated accurately to each IQ 21 0934 6.4 71- ION Minamata, Japan 3 14 8 25 Fusakichi Ono (ILOC) 351 71
other. With such know- 12 20 1549 5.1 68- 5S Gotemba, Japan 3 7 8 20 T. Takemura (!L0C) ]84 20
ledge, we can accurately

,1ink various Baily bead 1979
jand eclipse contact ob- 1 4 3528 7.5 37+ 4S Obihiro, Japan 5 20 7 6 Hidetoshi Yoshida 181 16
jservations so that more 3 5 0692 1.1 47+ -6N Obihiro, japan 8 34 7 6 Hidetoshi Yosh'ida 354 72
jtimings can be consider- 5 8 1772 4.0 86+ 3N Name, japan 3 11 8 20 Fusakichi Ono (ILOC) 3-16 "
:ed in comparative analy-
|ses, such as those for 1980
the 1925 and 1979 1 22 0036 7.2 27+ 2S Kurashiki, Japan 1 4 8 20 Minoru Sasaki (ILOC) IBO 40
eclipses. This will re- 2 21 0405 4.4 34+ IS KOchi, japan 3 5 8 20 Fusakichi Ono {ILOC) 182 67
suit in more accurate 3 22 0829 7.0 42+ IN Dresden, G.D.R. I 2 8 8 Christian Schoebel 359 67
determination of solar "' 4 18 0669 4.0 12+ 3S Newburg, WI 3 23 8 }3 John Phelps 3N184 70
radius variations. For 5 10 3537 6.8 19- iS Te Rana,N.Zeaiand 6 8 20 G. Aljcott 181
these reasons, observers 5 22 1609 4.7 61+ Pomba1, Portugal 2 5 15 Jose Osorio
are encouraged again to 5 25 1821 2.9 79" -4S Stratford,0ntario 2 12 6 Robert Radko
make a special effort 5 25 ]82] 2.9 79+ -as Stratford,0ntario 5 22 15 Andreas Gada

. for grazes with Tatitude 6 18 7487 1.3 27+ N Grand Cane, LA 5 19 7 9 Paul Goodwin -4
jlibrations between -1?0 6 18 1487 1.3 27+ N New Orleans, LA ]4 70 9 20 Robert Schiffer 3N -4
.and "AO, the range in 6 23 2047 6.7 77" 4N Sakata, Japan i 4 5 6 Isao SatO 6-57
Jiihich solar eclipses 7 2 3307 4.9 80- Lorne, Australia 2 5 ) 15 N. PIever
j(and lunar eclipses) qc- 7 6 0327 4.5 34- 6N Kaitaia,N.Zea1and 2 6 8 6 G. Herdman 353
lcur. For such grazes, 7 17 118971 8.1 24" Gundaroo,Aus'tra1'ia 2 8 7 20 David Herald
las many observers as 7 17 118979 8.5 24" jannaii,Austra1ia S 17 6 15 Roger Giller
|possib1e are wanted, to 7 21 2100 6.6 61" Birregurra,Austrj.3 22 9 20 N. PIever
,def.ine the structure of 7 21 2113 7.5 63" Darkes Frst.,Aust1.1 1 4 20 Roger Giller
!ttie lunar limb in dc- 8 5 0667 5.3 29- N Collins, MS 3 22 6 25 Ben Hudgens 2N 71
!tai1, 8 5 0692 I.] 28- -7S San Antonio, FL 3 14 8 20 Harold Povenmire )70 66

8 6 094604 8.4 19- 7N Flagstaff, AZ 1 8 7 25 Brian Skiff
One of the reasons for 8 6 0884 7.8 17- 7N Malasiqui,Phil.ls.1 2 8 Oscar G. dc las Alas
undertaking the analyses 8 8 1175 5.0 4- -6S Gapan,Phi]ip.ls. 1 3 8 Oscar G. dc las Alas
of numerous recent graz- " 8 20 2399 5.0 62+ 5N Soledad, CA ] 5 8 75 Richard Nojthenius 7-56
es was to provide cor- 8 20 2399 5.0 62+ 5N Greenfield, CA 9 24 7 6 james Van Nuland 5N 7-57
rections· for a shift 8 30 ]10464 7.1 76- 12N Doswe11, VA 3 6 4 )3 William Stein 353 39
from USNO'S version 78A 8 31 0462 5.9 67- BN Kitty Hawk, NG 7 40 8 25 David Dunham 0354 75
to the 80 versions. We 8 31 0526 6.9 63- ION Sakata, Japan I 3 3 ]3 Isao SatO 354 72
tho.ught this would be 9 3 094957 8.5 36- N Grano11ers,Spain 2 2 8 20 Domenec Barbany
necessary when the MVT g 5 Venus-3.9 15- 11N Up.8ogue,Bahamas ] 4 9 6 Harold Povenmire

" operating system was in- 9 )7 160558 8.3 47+ Janna1i,Australia 3 3 7 15 Roger Giller
stalled.on USNO's com- 9 19 28)4 5.0 68" N Bredo, Australia 5 11 7 20 David Herald 7
puter last August, since 9 27 0405 4.4 89- 12N Bethel, NG 2 4 Floyd Mattheis
we thought that the old 9 30 094814 7.5 60- ION 1Aoodworth, wr 1" 2 4 13 Robert Hays 0351 60
78A version of OCC, Van 10 4 mo 6.6 ]8- BN Patterson, CA 13 34 8 6 james Van Nu1and 4N351 -I
Elaciern.'s p.rea"ict'ion" JO 5 Venus-3.7 13- S Zuidwo1de,Ho11and 1 2 9 ]5 Jean Meeus
and analysis comyter 10 5 Venus-3.7 13- S Lingen,German F.R.1 0 6 N. Wieth-knudsen
Orogram, .cou1d"'not""bC 10 5 Venus-3.7 13- 3S Zossen,Cerman D.R.1 8 7 6 Wolfgang Rothe
used"uhdenMVT. Howev- "' 10 13 2396 6.6 18+ Ta1amanca,Spain 3 ]8 7 20 Carlos-Schnabel 5S
er,"this. turned out not IQ 30 )259 5.9 53- 9N Boynton Beach, FL I 2 15 Harold Povenmire
to'.be the·case; we can 11 1 ]481 7.4 33- 7N Creedmoor, NC 1 6 7 15 Robert Melvin 2N353-]2 -
contir:ue to use 78A. I 11 i ]487 1.3 33- -5S Zin, MN 3 77 8 g David Dunham 0174-11
do not.pl.a'n to shift to 11 1 1529 6.6 31- 4N Yalta City, Japan 8 3] 7 5 Toshio Hirose 45355-18
anothlermersion until I] 3 ]733 5.2 14- 5N YOrii Town, Japan 'S ]6 6 6 Kazuyuki Yamada 185357-42 ,
the p]anned'.81 version , . .
becomes·operationa1, probably in several months. .map, then he keys }n the coordinates of the grid
This will' include more detailed empirical correc- marks, and the computer calculates and prints the
tions; which should result in a significant improve- coordinates of all measured stations. Richard Tai-
ment in the predictions, bi, another local observer, had manually measured

" the coordinates for a ten-station expedition, and
Vincent Sempronio, a DC-area observer, has access to gave the map to Vince to try with the digitizer-

' a digitizer, similar to a plate-measuring engine, computer. He reproduced Taibi's positions to an
which is attached to a computer. He has programed accuracy of.a_few tenths of an arC second, which is
the machine to measure grid marks and marks indicat- "fhe expected"manua1 measurinjj error. He p1ah to '
ing station locations for grazes on a ,t.op_ographic work' with Vince to determine the coordinates for

7



several currently un-
reduced [K-area graz-
es, to eliminate our
backlog. Others who
have station coordin-
ates for large exped-
itions which need to
be measured might
send me their maps

' with the station lo-
cations carefully
marked. Xerox or
other photocopies
should not be sent,
since the copying can
distort, and maps
should not be folded,

. .at least not in the.area which needs to
be measured (that is,
which contains the
grid marks and sta-
tion locations).

Star %
IBo. Oil Number Mag Sn1 .C,A, Location

# # C Ap
Sta ,T,m C g;m. Qrqanizer

11 1 1487 1.3 33- -5S
11 ] 1529 6.6 31- 4N
11 3 1733 5.2 14- 5N
11 3 1733 5.2 ]4- 5N
11 5 )39229 7.5 5-
]1 10 2396 6.6 4+ 5N
11 11 2573 7.3 12+ N
11 I] 2573 7.3 12+ N
11 12 2666 5.0 15" -IN
11 ]2 2666 5.0 15+ -IN
I] 23 0793 6.2 97- N
12 3 1965 6.5 )5- ON
12 4 ?072 6.7 9- -IS
12 12 3195 7.7 27+ 8S
]2 13 164999 8.5 34" S
12 15 3492 8.6 50+ 4S
}2 31 139803 8.6 30- 6S
12 31 .2035 .7.1 30- 8S
12 31 2043 6.6 29- IDS

Zim, MN 3
Yalta City, Japan 8
Yorii Town, Japan 4
Kazu City, Japan }
Clinton, MS 2
Hesthoff, TX I
Michelago,Austra].4
Mi1ton,Austraiia 2
San Felipe, TX }
Terry, MS 3
Kambah, Australia 1
Vero Beach, Ft ]
Granite, MD "' 3
Hialeah, FL 1
Perth, Australia 3
Germantown, MD 2
jones Creek, TX 1
Perrine, FL ]
El Campo, TX 1

17 8 9 David Dunham
31 7 5 Toshio Hirose
16 6 6 Kazuyuki Yamada

2 7 6 Toshio Kirose
4 5 20 Ben Hudgens

12 5 25 Don Stockbauer
16 20 David Herald
6 8 20 Roger Giller
5 8 25 Don Stockbauer
7 I 20 Ben Hudgens
2 6 32 David Herald
3 ]5 Harold Povenmire

21 7 25 David Dunham
3 8 20 Anthony Dip
6 7 15 Ian Bacon
7 5 25 Richard Taibi
4 5 25 Don Stockbauer
0 15 Harold Povenmire
9 8 15 Don Stockbauer
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St. Ma, k

0174-11
45355-18

185357-42
185357-42

65357-53

3N358-35
358-35

3N186-62
4 175

0178 48
55188-65

N
105192-64

1981
When there is a sub- I 15 0444 6. 2 68+
stantia1 wind, espe- ) 15 0444 6 .2 68+
cia]1y during cold i ?5 0444 6:2 68+
weather, observers I 15 0444 6. 2 68+
should plan more time I 30 2341 7. 2 29-
than usual to select 2 6 146509 7. 3 5+
sites, such' as a 2 9 )09577 7.8 20+
grove of trees or 2 12 0692 7 .) 63+
b.u_i.]d.i.ng. _Which gi.v,es 2 12 0692 1 .i 63+
some p_roteciion. ""Aj'": 2 I2 0692 I. 1 63"
low time to explain 2 26 2291 5. 5 56-
what 'You'p1an to do
to a farmer, so that you 'can obtain per-
mission to set up in the leeward side' of

-one of his buildings without being at-
tacked by his dog. During a recent suc-
cessful obse'rvation of a graze of a faint
star during a strong wind, I set up my

-telescope in a large equipment shed
through whose entrance the moon could be

seen. It was almost like being in an ob-
servatory!

7S Springfield, VA
7S Alexandria, VA
7S Arlington, VA
7S Bowie, MD

IDS Fleetwood, PA
9S Milton, DE '

_5S Spring Lake, FL
9S Delaware, OH
9S Streetsboro, OH

-3S Lembruch, G.F.R.
RS Garner, NC

3 6 8 16 Robert Bolster 0171 72
3 15 20 Pat Bu1man 0171 72
I 1 15 Victor SIabinski 0171 72
5 27 8 20 Fred Espenak 0171 72
1 3 15 Craig Patterson 14S
3 20 7 20 David Dunham 2S179 41
1 g 7 20 Thomas Campbell
5 27 7 }5'Charles Hafey 25170 65
4 25 9 15 Robert Clyde 25170 65
1 TO 6 N. ldieth-Knudsen 180
1 3 8 ]5 Robert Mclvin

meantime, there is probably still some value in com-
puting Yale Catalog shifts for grazes of stars south
of declination -4" whose position source quoted in
the graze predictions is "Z.C." or "G.C." and which .
are not in the Perth 70 Catalog. .. ';Ajz2;:

': : . ' "

For at least one recent graze where we
calculated shifts based on both the me
Catalog data for the star and on the anal-
ysis of (mainly total) occultation data
for the star, as described above, there
was a significant difference between the
two calculations, and the observations fa-
vored the Yale computation. .This may be
related to a problem that we found when we
analyzed observations made near the edges,
and then near the center, of the paths of

. the total solar eclipses of 1715 and 1925:The correction to the solar radius deter-
mined from the edge data differed from the
value derived from the central observa-
tions. There could be significant sYstem-

. atic errors in Watts' lunar )imb'·"c0'rrCC'-
t'io'n data'"t'o'r"the polar .regions compared
with the rest of the moon. We pjan to

, look into this possibility in more detail,
: " by analyzing observations of grazes of the

same,,,star observed at both the northern
and southern limbs, and comparing the re-
su?ts with the positional corrections de-
rived from.total occultation data. In the

In the list of grazes on p. 95 of o.n. 2 (g), the '
numbers for the graze of,,Regu1,us .(ZC.1487),. on 1980·
June ]8, Flainingo, FL expedition, need to be in-

, creased, since one observer was very late in sending '
in his'report. # Sta should be 16 and # Tm should.. ·
be 63. In reference to the article about Regulus "
starting on page 100 of the same issue, the star's '
importance is increasing and the jinx is being bro"' '
ken, as can be told from the account of the january .
A.A.S. meeting on p. 129. Also, for the graze of'.
Regulus last November 1, we fared rather better'than.
we did in the mosquito-infested Everglades last. ". '
June. We planned to observe the November graze Tram
Kaine or near Montreal, but extensive cloudcovej' "
from a low-pressure system along the Atlantic coast '
made us decide to catch a flight instead to Duluth,
MN, where we met my brother, Douglas, and drove
north with him and his wife to observe the event a-" '
bout 80 km farther north. In marked contrast to the
Everglades, the temperature was -7° C., but we were
suitably dressed and there was no wind. A beautiful'
aurora shimered along the northern horizori, a rare
sight for a "southerner" like me. The graze was'one'"
of the most spectacular I have seen; be'ing'on the '.
bri_gh.t side_enhanced the experience since the'oc-. .'
cu.1,tih"g mounUins"cou'1d be seen." The bright bluish .
siar"cont'rasted strongly with the considCrably """"
fainter lunar limb. Since joan had 5 events and I"
'had"lO, the trip's cost per event was much lower . ·· .
than that for the June graze. I only wish that we

·' C '.
· - ; .- . . , · '" . .' " ' ·..' ': . ,. .: ' ' .' i ·, ., . e. . . ', ,' ' ' ""' ' " . .. : " % . "". . ·

, . , - , : " ' . · '. . ' '. . , ,. ...·'·' Ab , . . : 4 ., . . . ,' ' ' , : . :" · . .T
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could have shared the Saturday morning spectacle
with more observers; the low ecliptic latitude made
timings of the graze especially valuable for Soiar
eclipse analyses. With a little more planning, we
might have brought some borrowed eclipse equipment
to photograph the event, perhaps everi make a movie
or videotape, so that some measure of the spectacle
could be shared with others. Ib spite of cloudy
skies, 25 observers lead by Andre Cou?ombe set up
for the graze near Montreal. Luckily, the sky
cleared only a minute before the graze started, so
all had a good view of the graze. However. ar-
rangements had been made with a local am standard- '
broadcast station to broadcast CHU time signals,

.., but this failed; only static was broadcast. Five
of the observers had short-wave radios and re-
ceived CHU directly. With the timed sequences from
these stations, it might be possible to establish
absolute times accurate to a second or so for some
of the other stations for which re?ative timings
might be available from tape recordings. In any
case, as far as I know, this was the 7ast-observed
graze of the current series of Regulus, which has
now ended; it will be 8 years before the next series
begins. ' "

According to the British AstronomicaT Association's
Lunar Section Circular 15 (TL) 94, 1980 November,
Grant Blair, Bridge of Weir, reports that Aldebaran

REDUCTION OF GRAZING OCCULTATIQNS
\;,Robert L. Sandy "

.Expldnation of Reduction profile:

: In order to visually analyze observed phenomena as-
GIVZE °F ;ZC /6//

L" "7."5

Bm t 4-"u
VERSIon 7511

(ZC 692) faded to 7th mag. and remained lfke this
for 0525 at the bottom of a Lunar valley on 1C80
September 29. This is reminiscent of 7th-mag. phe-
nomena reported during the graze of 1979 September
12 in o.n. 2 (7) 67. but it was not stated how close
to grazing Mr. Blair's event was. Perhaps the last
graze observations of the current Aldebaran series
were made cn February 12. It was daylight in Ohio,
but the bright ruddy star contrasted well with the
blue sky. I managed to time the graze in spite of
having to hold the tube of my ZS-cm reflector with
my hands; an Ai?en wrench needed for the assembly O:
the telescope mount had been lost, which I discov-
ered 15 minutes before the event. jean Meeus notes
that the last occultation of the series, visib?e
from GreenjaM, Iceland, and Spitsbergen on 1981 "
April 8, is not listed in The Astronomical Almanac
for 1981; an occuitation of Mercury in Antarctica
and southwestern Australia on April 3 is also not
given. Dr. N. P. Hieth-knudsen has computed the
southern limit of the April 8 event, finding that it
is entirely in the ocean. However, only a it-minute
occu1tation, qualifying as a graze, is predicted for
Cape Akraberg, the southern tip of Suduroy, the
southernmost of the Faroe Islands, part of Kieth-'
Knudsen's native Denmark. If you miss it, you won't
have another chance for Aldebaran until 1997: After
April, Antares will be the next-occulted first-mag.
star, in 1986.

sociated with grazing occuitations, the,pred.i.cted
profile'of the moon's limb (i.e. edge) in tlie"graze
region must first be plotted; this is done through .
the use",cjf limb correction charts by Watts.l To
draw'Uie profile, the moon's topocentric librations
must be known for the time of" the graze, These Vi-
bration values are determined by computer at the U.
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.. PROTOTYPE FOR PORTABLE OCCULTATION PHOTOMETER
: SHOHN; OTHER NEWS FROM A. A. S. MEETING

David Id. Dunham

The 157th meeting of the American Astronomical Soci-
ety was held in Albuquerque, NM, during 1981 January
)1-14. Abstracts of papers presented at the meeting
have been published in Bull. Amer. Astro. Soc. 12,
No. 4. Some of the papers were given as displays
rather than as ora] presentations. A display which

' ' will be of particular interest to many IOTA members
was "A Portable 0ccu)tation Photometer" by Peter C.
Chen, University 0f"Texas, and William H. Sandmann,
Harvey Mudd College. Thier abstract is printed be-
low:

- "We have designed and built a photometer system of
light weight ("5 lbs) and low cost, to encourage

· participation of amateur astronomers and small
college observatories in lunar and planetary qc-

" . cultation observations. The system, which is of
simple modular form and can be put together with-
out unusual mechanical or electronics skills, con-
sists of two major components:
a) Photometer Unit (cost =$100) - This consists

S. Naval Otjservatory, Washington, D.C., and are
shown as symbols L (longitude) and B (latitude) on
the reduction profile.

Next, the R£edicted path of the star in relation to
the.jnocm is 616ttedTor each obs'erving station '
(again, computed by the U.S.N.O. and based on t,he
reported geographical coordinates and elevation of

i

' i' i (-j'| ')'.'-):'j. )j'.,i,)). l.-t- 'ei:tgE,',!:t:"
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of a side-on PMT (EMI 9781) fitted Inside a PVC
crosspiece which also contains a beamsplitter
and an aperture slide. Attached to the cross-
piece is a metal housing contafnfng a hfgh VO]- '
tage supply, a DC amplifier, and a voltage to
frequency converter. The entire photometer unit
attaches to a telescope in place of an eyepiece.

b) Controller (cost =$150) - This is a micropro-
cessor system with keyboard and display. The
system is programmed to synchronize with bll'lV
time signals, display time, accumulate PMT sig-
nal pulses at T, 2, 4, or SO-ms time resolution,
display the data either with a series of LED'S
or on an oscilloscope, and output the data to a
standard audio cassette tape recorder. ' Two si-
multaneous PMT channels can be accomodated. lde
have incorporated a variety of hardware and
software features to optimize error-free opera-
tion.
The recorded data can be read by other larger .. .

computers (TRS 80, NOVA, etc., at Texas or else-
where) for data reduction. A prototype system has
been successfuliy tested in the laboratory and is
currently undergoing field trials."

After the trials are successfully completed, detail-

each observing station) with the reported points of
'star contact with' lunar features indicated. For
each observing station, the star moves,a1onq,,a
curved path from left to right: station designations
being indicated at the left hand side. Periods when

..the star was reported visible are indicated by a
so]id line,, while during periods of invisibility,
the line is broken with either "dots" or,c1ear Spac-'
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ed designs will be prepared for those interested in
' duplicating the system; only a few key components

would be assembled in Texas. These might be avail-
able in june, in time for the symposium of Interna-
tional Amateur-Professional Photoelectric Photometry
to be held with the annual Apollo Rendezvous in Day-
ton, OH, and chaired by Russell Genet. The beam-
splitter in Chen and Sandmnn's system allows simul-
taneous visual monitoring of occultations.

About 20 fringes were recorded during the daylight
occultation of Regulus at Kitt Peak Nat. Obs. on
1980 jun IB by Don Wells and co-workers, who obser-
ved at 1.6 µm in the infrared with the Maya11 4 m
telescope. A rectangular pupil mask was used to
help produce the highest signal-to-noise occultation

' record to date. Special modifications of the analy-
sis program were necessary to take advantage of the
observational accuracy. Richard Radick also obtain-
ed good records of another Regulus occultation at
Cerro Toiolo Inter-American Observatory the night of
1980 March 28. The derived angular diameters, In-

es between. A dashed line indicates that observa-
tions were discontinued or that no timings were made
because of timing equiWient failure, etc.

Explanation of Abbreviations and Symbols Used on Re-
duction Profiles:

eluding also the Narrabri intensity interferometer
resul t, are i isted below in mil Iiarcseconds:

1.41 ±0.08 KPNO
1.40 ±0. R CTIO (yellow, x = 5768A)
1.52 ±0.11 CTJO (blue, a = 43 6 A) '1.32 ±0.06 Narrabri (X = 43857)

In spite of the' star's sma71 angular diameter, the
determination is accurate to better than ]0%, almost
an order of magnitude better than was thought pos-
sible from Lunar occultation records a few years
ago. The implication is that the diameters of
bright Solar-type stars can be measured from high-
quality Lunar occultation records.

Variations in the diameter of the Sun from eclipse
observations were reported by Joan Dunham, including
the new result from the 1925 eclipse mentioned or
p. 114 of the last issue. I gave a paper on the re7
suits of recently-observed asteroidal occultations
published on pages 139-143 of this issue of cln.

:V.P.C.--Vertica1 Profile Correction applied to pre-
'dieted profile to bring it into closer agreement
'with observations (usually vpe is set at 0!'00 in
: preliminary reductions). H.P.C.--Horizonta1 Profile
'Correction in the predicted position of the limb moun-
, tains (typical value is 0?2).
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LOCAL CIRCUMSTANCES OF ASTEROIDAL AND PLANETARY
OCCULTATIONS AND APPULSES FOR 1981

Local predictions, which supplement the tables of
general data published on pages 1]6-119 of the last
issue, have been computed and distributed to all
IOTA menbers receiving graze predictions, by joseph
E. Carroll, 4216 Queen's Way, Minnetonka, MN 55343,
telephone 612, 938-4028. Henceforth, these predic-
tions are established as a service for an IOTA mem-
bers. IOTA members who have not been receiving
grazing occultation predictions are being added to
the file of graze station data, since this is the
basis of Carroll's predictions. Such observers will
also receive Lunar graze predictions, but only for
favorable events which are potentially observable
from their station. They can obtain graze predic-
tions for a larger area, if desired, by sending tra-
vel radii specifications to IOTA, P.0. Box 596; Tin-
Icy Park, [L 60477, U.S.A.

Several observers interested solely (or primarily)
in planetary and asteroidal occultations subscribe
to o.n., but are not IOTA members and have not been
sent these predictions of local circumstances. We
are not going to maintain two station files, one for

Computer Version (e.g. 78A, BOD, etc.)--the designa-
tion of the set of empirical corrections made to the

iiunar ephemeriS at the U.S.N.O. that were used in
·making the reducticm.

grazes and one for p1anetary/asteroida] appulse pre-
dictions, in our computerized IOTA records in Illi-
nois. Current non-IOTA o.n. subscribers who want
the appulse predictions are encouraged to join iota
by sending an additional payment ($3 for North Amer-
icans) to IOTA in Tinley Park. The local circum-
stances predictions will then be sent automatically
each year as long as IOTA membership is maintained.
NOn-IOTA members can obtain the pTanetary/asteroidai
appulse predictions by sending joseph Carroll their
coordinates and either a self-addressed stamped en-
velope (for those in the U.S.A.) or a payment of
$1.00 payable to joseph E. Carroll (for foreign ob-
servers). Such requests need to be sent annually
hy non-IOTA members.

For each input event, the local circumstances pre-
dictions include the U.T. and distance (in arc se-
conds, kilometers, and occulting object diameters)
of closest approach, and the altitude and azimuth of
the occulted star, the Sun, and the Moon. No data
are printed if the star is below the horizon more
than an amount proportional to an estimate of the
occulting object's along-track (time) error, or if
the star is fainter than 6th mag. in daylight.

isymbols: B (blink; a D followed by an R in less
:than one half second); F (flash; an R followed by a
:O in less than one half second); ? (uncertain tim-
·ings or.events as report.ed by observer, OR observ-

C',¢S SEE YE p OA7"A FED~ 2.c'. LDD g GRAZE OF' I:7h3/c ci5 'JHEAE L ·-i3 t e'· 6."6

. . . ObserversBenton, Arkansae - - . ' ' 1= T. \1'Llliams

LA KE cl t Y? FLORI oA ' VENUS 2= D. StockbauerZ.C; 4002 3= J. Holcomb
26 December, 1978 4= B. Sherrod .'.., ,,..
Magiaitude: -4.3
Percent Sunlit: 14 Waning 5= P. Maley
Dark Limb Graze ( 3q S,) . 6= P, Mc!3ride
Computer VereAon: 1980-8 7= C. Sherrod
Moon Speed: Iq W.it./3?% 8= D. Seldenschwarz
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NEW DOUBLE STARS

David IL Dunham and joan Bixby Dunham

Table 1 lists additions and revisions to the spe-
cial double star list of )974 May g not listed in
previous issues. The columns and general format
were described on p. 3 of O.N. 2 (J)0

If you suspect that d star may be a previously un-
known double, or if you can confirm or improve data
from a previous discovery, based on an occultation
observation, please send a report to: David Dunham,
P.0. Box 488, Silver Spring, MD 20907, USA. The re-
port should include the star's.SAO number (DI'! and
USNO reference number, if non-SAO), the Z.C. number
(if any; Z.C. numbers are four-digit numbers.with no
prefix letter under USNO REF: NO. in the USNO predic-
tions), the date, the position angle of the Qccljjta-

tion, and, if possible, an estimate of the tfme be-
tween steps and the brightness of the secondary rel-
ative to either the primary or the total light (pri-
mary pIus secondary). It is helpful also to report ,
the star's magnitude and (if any) double star code
given in the predictions. If you have the photoe-
lectric option, also give the predicted radial rate.
For those without the photoelectric option, the ra-
dial rate can be estimated if you give the CA and
the Moon's altitude and azimuth.

cr's timings are questioned because of an obvious
d iscrepancy of . tiining(s) when compared wi th timi ngs
made at other observing stations ); and A.L (Altered
Time; an obvious error in the reported "time has been

.,adjus,ted for reduction purposes )'. 'It should be not
ed that (I ) a reported timi ng is altered only when
there is consi"derab1e indication that ,a Darticular
timing may be in error by several seconds (in most
cases this amounts to either a thirty-second or six-
ty-second mistake in the reported timing), and (2)
that even though the timing has been altered, it
should not be considered as being as accurate as

e? B.SEEVEP PA7"R (182.0 TD 187."8') ACe~

= e . G3¢F'C t?
DOSLJELGj VA· ,G I B. "-'A 1%C .
ONAN C cc-k., VA. 2Z ^ _ ~Q

This list is the longest list of updates which we
have ever published. It is due almost entirely to
the efforts of G. M. Appleby, who published his re-
sults in an article, "Fading Occultations of- Stars
by the Moon: 1943-]977" in j.Brit.Astron.AssQc. 90
(6) 572, 1980. These entries are identified simply
by jbaa in the "DATE, DISCOVERER, NOTES" column,
this meaning that they were taken from the just-

other reported timings.

:'j prepare reduction profiles, and correspondence
1.about reductions should be sent to me at 7901 East
f8&th Terrace; Kansas City, MO 64138; U.S.A.

Reference

1. C. B. Watts, "The Marginal Zone of the Moon,"
Astronomical papers of the American Ephemeris,
Vol. ]7, U.S. Government Printing Office, Wash-

ington (1963).
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' cited reference. L. V. Morrison and G. A. Wilkins
gave Mr. Appieby access to the approximately 80,000
occultation observations which had been collected by
HMNAO for the years 1943 to ]977, and helped with
the draft of his paper. Appleby investigated why
423 occu1tations of stars were observed to occur non-
instantaneously. He found that 160 of the observa-
tions can be explained by known duplicity of 140 of
the stars. A further 79 observations can be attri-

buted to effects of stellar angular diameter or dif-
fraction. Appieby conjectures that 166 observations
of 130 stars refer to previously unrecognized dou-
bles. Seventeen of these stars were already in my
list since they had been resolved spectroscopically,
by speckle interferometry, or during occultations
which I already knew about. Some of them were in my
list with code K based on observations made since
?977, or in the 1920's arid 1930'S reported in the

TABLE 1A, NEW DOUBLE STARS, 1987 FEBRUARY 22

SAO/BD ZC M N MAGI MAG2 SEP PA MAG3 SEP3 PA3 DATE, DISCOVERER, NOTES
..

D

76126 0536 T V 5.7 7.7 o:'i 90"
76573 0647 T Y 6.3 6.3 0.1 90 7.6 19!'4
76591 0652 T Y 7.2 7.2 0.] 90 8.8 28.9
76601 0656 T V 5.2 5.2 0.1 )]0
76862 om T T 6.4 6.4 0.1 90 9.9 94.6
92572" VO 9.4 9.4 .217
93757* TY 9.0 9.00.2 75
93957* 0671 P V 4.0 5.0 .02
94227 0747 T X 6.5 6.5 .08 240
95795 1003 T Y 8.0 8.0 .05 32 8.1 20.0
96178* T X 9.2 9.2 .05 153
96573 TK 9.4 9.40.1 90
97468 7203 T V 7.9 7.9 .05 90
98662 ?415 T Y 7.0 7.0 0.1 90 70.0 "41.2

109964 0226 T Y 7.2 7.2 0.1 90 10.7 4.1
109985 TK 9.8 9.80.1 65
110723* 0405 T V 4.5 8.5 .05 133
118678 1614 T Y 9.6 9.6 0.1 90 }1.0 }2.4
139086 1866 T Y 6.7 6.7 0.1 90 71.1 20.9
146388* 3362 V 0 6.1 8.1 .47 ""'

: 1.57831 1906 T Y 8.5 8.5 0.1 90 70.5 42.6
: 162076* 2768 T K 9.2 9.2 0.1 90

1.62251* - TK 9.2 9.20.1 90
162883* 2876 T Y 6.2 6.2 0.1 90 8.9 45.6
16387] TK 7.4 9.00.5 117
164623* TK 9.5 9.50.1 90
165337 TX 9.9 9.90.1 92
165355 TK 9.7 9.70.1 99
186?61 2601 T Y 7.5 7.5 0.1 90 13.0 8.9
"18° 1367 T X 10.4 10.4 .05"Q47

JBAA
U°jbaa (comp. AB; ADS 3161)

290 JBAA (comp. AB; ADS 3179)
JBAA

289 JRAA (comp. AB; ADS 3547)
Orbit by Vajbousquet, 7ast obs. 1976.88 (ADS 1321)
1981 jan 16, R. Hays, Worth. IL
See text; period only 140 days
1980 SeZ,2, D. Biittner, Karl-Marx-Stadt,, GDR

210 jBn"""' ' '"" '"""" " ""'"(ADS S166)
1980 Mar 24, R. Baldridge, Mountain View, CA
1980 Apr 20, P. Wade (baa Lunar Sec. Circ. 15, P. 75)
JBAA

80 JBAA
77 JBAA -

1980 Dec 17, R. BaTdridge, Mcjuntain
1980 Jan 25, R.. Baldridge, Mountain

96 JBAA
55 JBAA

Orbit by Baize,

·98 JBAA '
]978 oct 9: G.

1978 Oct 9, G.
42 1978 Aug 16, G.

1980 Oct 18, J.
1978 Nov 8, G.
1980 Dec" 14, R.
I 980 Dec 14, R.

'hist obs. 1 978 .68

(ADS 7448)
(ADS 1214)

View, CA
View, CA

(comp. AB; ADS 8068)
(ADS 8732)

(ADS 16365)

Blow, Carter Observatory, New Zealand
Blow, Carter Observatory, New Zealand
Wingate, Auck1and,NZ (comp. AB; ADS 12767)
Van Nuiand, San Jose, CA

Blow, Blenheim, New Zealand
Baldridge, Mountain View, CA
Ba1dridge, Mountain.View, CA

26 JBAA
1980 Mar 24, R. Baidridge, Mountain View, CA (= X09910)

[Ed: Separate TABLE IB is used for 102 of the jbaa stars; those for which it is assumed that the primary and
secondary magni tudes are equal , and that they are separated by O:i at p.a. 90°. Where these assumptions are
not used and/or where third component data are shown, the stars appear in Table 1A.]

SAO/BD ZC M N MGJ SAO/BD ZC M N MG1 SAO/BD ZC M N MG} SAO/BD ZC M N MG} SAO/BD ZC M N MG1

75476 0387 T V 7.7 80125 7253 T X 8.2 109256 0067 T K 9.2 146652 3432 T K 7.1 165032 3284 T K 7.9
75968 0509 T K 8.9 80378 ]308 T V 5.5 709369 0089 T K 7.3 146774 3472 T K 7.8 183797 2256 T K 7.7
75979 0513 T K 8.7 80886 1408 T K 8.2 110264 0291 T K 7.9 147017 3529 T K 7.6 183900* 2269 T X 6.2
76173 0546 T K 7.8 92395 0197 T K 7.8 110286 0298 T K 8,0 147045 3537 T K 7.6 184607 2407 T V 7.7
76236 0562 T X 7.4 92559 0246 T K 9.7 110408 0327 T K 5.3 158385 2028 T K 7.3 184897 2443 T K 6.6
76275 0573 T K 7.6 92774 0302 T K 7.2 118095 1478 T K 8.0 158836 21]7 T K 6.1 184982 2452 T K 7.5
76286 '0574 T K 7.6 92803 0313 T K 8.3 118117 ]482 T K 7.1 159146 2184 T K 7.8 185589 2537 T K 8.2
76393 0595 T K 7.6 92979 0370 T K 6.9 118187 1500 T K 8.9 ]59175 2189 T K 7.8 185655 2545 T X 7.2
77350* 0849 T X 7.3 93002 0375 T K 7.6 128069 3417 T X 7.6 159402 2230 T X 7.6 185815 2562 T K 7.9
77647 0887 T K 7.8 93034 0393 T K 7.6 128621 0018 T K 6.8 159587 2279 T X 7.0 185852 2568 T K 9.1
77858 0911 T K 7.] 93320 0462 T K 6.7 137963 1604 T K 6.9 159888 2352 T K 7.5 185900 2575 T K 7.'6
78146 0949 T K 8.5 93327 0464 T K 7.2 138824 1795 T K 7.9 162050 2764 T X 7.1 186070 2591 T K 7.3
78348 0982 T X 7.6 93487 0516 T K 8.1 139022 1849 T K 7.0 162234 2794 T K 7.5 188387 2869 T K 9.0
78390 0987 T K 8.5 93981 0680 T K 7.5 139559 1978 T V 7.4 162413 2814 T K 5.8 188863 2928 T X 7:3
78968 1067 T K 8.0 98019 1297 T K 7.6 139732 2020 T K 7.4 163107 2908 T K 7.7 188889 2929 T K 7.9
79286 1108 T K 7.7 98133 1319 T K 8.3 145455 3154 T K 8.2 ]64461 3155 T K 7.6 189321* 2984 T X 7.7
79352 1117T K 5.9 98235 1332 T K 6.5 145905 3247 T K 7.8 164600 3177 T K 6.8 189330 2985 T K 7.7
79391 ]127 T V 6.7 98521 1387 T K 7.6 146062* 3285 T X 6.9 164717 3205 T K 7.6 190147 3102 T K 7.7
79483 1143 T K 7.6 98673 14}8 T K 6.7 ?46363 3354 T K 8.7 164811 3222 T K 7.9
79553 1150 T X 7,6 99049 1506 T V 7.9 ]46451 3380 T K 7.0 164840 323] T K 8.2
80035 )244 T K 9.7 99321 1578 T K 7.6 146620 3425 T K 5.4 164973 3267 T K 8,0
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UniOn observatory Circulars. The codes for these
stars have been upgraded to X or V. For the known
doubles, Appleby computed the predicted time between
occu7tations of the components and the magnitude
drop. He compared these with the observers' com-
ments, which were usually "gradual" or "steps." He
found that, regardless of the duration, events with
magnitude drops of 1.0 or less were usually reported
"gradual," while step events resulted from magnitude
drops greater than 1.4 and durations more than jS.
Appleby's list includes only Z.C. stars, and he er-
roneously notes that the Z.C. is complete to magni-
tude 7.5 (it is actually complete to mag. 7.0 by in-
tention, although there are a few stars in the Zodi-
ac, mainly variables, which are slightly brighter at
maximum light). In any case, of the 2935 Z.C. stars
brighter than mag. 7.6, approximately 430 (15%) are

. known doubles, and adding Appleby's stars raises thepercentage to 19, which.Appleby compares to the 25%
that may be expected to be visual doubles based on
star catalog statistics given in Allen's Astrophysi-
cal Quantities. Unfortunately, Appleby gives no do-
documentation of the individual events, on7y noting
the number of reported non-instantaneous observa-
tions for each star (usually I). In the case of one
observation, I have assigned code K, with code X for
two and code V for three or more. I have arbitrari-
ly assumed that the components were equal in magni-
tude, lacking further information. For the same
reason, I have given 90° for the position angle (all
were disappearances) and O:'i (to be regarded as an
upper limit; could be as small as O':O2, or actually
sometimes greater than O:'i) for the separation. Ap-
pIeby found only five reports of non-instantaneous
emersions of stars previously known to be only sin-
gle, and rejected these due to the inherently unex-
pected nature of reappearances. Nevertheless, Ap-
pleby's carefu]iy-µrepa:"ed list is very useful for
indicating stars which should be of special interest
to occultaticm observers and double star specialists.
Some of the stars have previously-known faint, dis-
tant companions which could not explain the reported
phenomena; these are now suspected triµ1es.

The I.A.U. Double Star Cormission's Circulaire d'ln-
formation No. 82 (1980 October) lists new orbital
elements for three Zodiacal stars. One of these,
SAD 76256 = ZC 569 = ADS 2799, previously had an or-
bit determinted and is already in my list with code
Dl SAD 92572 = ADS 1321 and SAD 1'16388 - ZC 3362
were in the list of visual doubles but had no pre-
viously-determined orbit. .

In The Observatory 100 (1039) 206, 1980 December,
David Evans and David Edwards stress the importance
of the recently-resolved (see o.n. 2 (8) 92) star g2
Tauri = SAD 93957 = ZC 67)-for Occultation observers
since it is a spectroscopic binary in the Hyades
with a separation of only about O:'Oi. He reports an
observation by Wayne Osborne giving a separation of
O:'OO83 in direction 335° (with oca1 Lunar slope-9?5) and Am of 0.65 at )\ 4200 1 on 1981) jan. 27.

SIBERIA ]98] -

Fred Espenak

The Soviet Union will witness a total solar eclipse
on 1981 july 31. The umbra first touches the earth
at 2:18 U.T. at the eastern end of the Black Sea.
Heading in a northeastern direction, the shadow
quickly crosses the Caucasus Mountains and races

Since the spectroscopic period is only 140 days, Os-
borne's observation can not be readily combined with
the earlier Texan result. The authors point out
that occultations will occur until 1982 February 3. '
Actually, the series of ZC 671 occultations ends
sooner, and it is already too late; only a few more
occultations wi17 be visible from the Arctic. hie
probably will have to wait until 1997 to obtain more
occultation data for this star.

Richard Nolthenius reported a couple of 8th-magni-
tude events during the 1980 Aug. 20 graze of 5.0-
mag. ZC 2399 - SAD 160046 near Soledad, CA. The PA
was ]4". No?thenius feels that diffraction was re-
sponsible rather than duplicity. Don Stockbauer
feels the same way about a 7.5-mag. event he saw at
a graze of 6.6-mag. ZC 2043 = SAD 139834 at PA 211° -
near El Campo, TX, on 1980 Dec. 31. During a graze
of 6.6-mag...ZC 1420 at Patterson, CA, on 1980 Oct. 4
(PA 11°)Al of the 13 observers reported a faint
flash or "glow" which most thought looked peculiar.
For example, Gerry Rattley stated that it was not
stellar, but diffuse, "like a street lamp behind a
house." Only three of the observers timed the phe-
nomenon, and the times are different, and do not
match with"Ya11ey bottoms inferred by timings made
by observerS to the north, according to Jim Van Nu-
land's report.

Harold McAlister reports that his new .intensified
CCD speckle camera will be ready for observations in
a few months. This will extend his speckle inter-
ferometry to fainter objects (most SAD stars will
be within reach) than he has been able to resolve
previously. .

In the new double star list published in o.n. 2 (7)
71, documentation was not provided for 9 tµitries,
data for five of these being given in subsequent is-
sues. The other four, with SAD numbers of 162076,
]62251, 162883, and 164623. were observed in New
Zealand and are documented in Table 1.

Double star codes for non-SAO stars can now be up-
dated in USNO'S computer files by USNO reference (u-
sually X) number, and this has been done for al]
non-SAD stars in the special list which are in the
XZ catalog. The X numbers of non-SAO doubles which
have not been published previously are given in
Table 2.

Table 2. USNO-DM crossreference

B. D. USNO B. D. USNO

+23° 13]] X08814 +17" 1476 J03402
+21 ]3)7 X09497 "15 0269 X02549
+19 0544a X04604 +15 0340 X03327
+18 0929 X07449 +75 0409 X03870
+17 1043b X07818 ' +13 1961 X13159
+17 1246 J02773 +12 ]926 X13466
"17 1315 X09426

over the northern part of the Caspian Sea. Only one
minute after first contact Lsic], the umbra enters
Kazakh, SSR, where the sun will have an altitude of
10° and totality lasts 56 seconds. Cutting a 95-
kilometer-wide path through the Steppes, the umbra
crosses into southern Siberia, where a number of
cities lie in its path. South of the center line,
Belovo will see a total eclipse tastfng 9] seconds,
with the sun 35" above the horizon. Seventeen min-

.
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:jtes later, Bratsk will enjoy 109 seconds of totali-
ty, with a solar altitude of 44°. Moving due east,
the shadow skirts the northern tip of Lake Baikal,
the world's deepest lake (5315 feet) at 3:70 U.T.
Maximum eclipse occurs fifteen minutes later Ib
eastern Amur, where the sun will stand 54° above
the horizon during 126 seconds of total eclipse.

The umbra leaves Asia at 3:48 U.T. as it quickly
crosses Tatar Strait and Sakhalin. Last major land-

fall occurs among several of the Kuri1 Islands at
4:20 U.T. The path of totality stretches out across
the northern Pacific, where it crosses the Interna-
tional Date Line at 5:03 U.T. The Hawaiian Islands
will observe a 90% partiaT eclipse at sunset on july
30 as the umbra passes 500 kiTometers north and
leaves the earth at 5:14 U.T.

As many as five planets may be visible to the naked
eye during totality. Venus wilt be obvious, 29"
east of the sun and shining at magnitude -3.4. Mer-
cury should also be apparent only 11" west of the
sun at -1.2. Mars will be difficult as it shines
at +1.8 about 30° west. jupfter (-1.4) and Saturn
(+1.2) are at an eastern elongation 58°, and are 2°
apart. The pair will be low in the east over the
Siberian half of the eclipse path.

weather prospects in Kazakh and southern Siberia are
favorable, although seasonable rainfall statistics
tend to increase as one travels east along the path.
However, the average precipitatim is only 5 to 10
inches a year over most of central Asia. Daytime
temperatures typically range 75°-85° F in Kazakh dl!:.
20° F cooler in Siberia. In any case, final site
selections may be determined by the Soviet govern-
ment rather than by the individual.

For a complete report on the 1981 eclipse, send a
self-addressed envelope (U.S. observers should also
provide stamp) to me at 12700 Bridle Place; Bowie,
MD 20715; U.S.A.

I
k

·:-. [Ed: The table is shortened from the version provided by Dr. Espenak. Copies of the unabridged table are
... enclosed for subscribers in countries along the umbra1 track. Also see the author's final paragraph.}

".. PATH OF UMBRA AND CENTER LINE DATA - TOTAL SOLAR ECLIPSE OF 1981 JULY 31 - ET-LIT = 51 .0 SECONDS "

NORTHERN LIMIT SOUTHERN LIMIT CENTER LINE

LATI- LONGITUDE LATI- LONGITUDE LATI- LONGITUDE MAGNI- MAJOR MINOR PATH DURA
U.T. TUDE TUDE TUDE TUDE ALT. AZI. AXIS AXIS WIDTH _.TI0'

LIMITS
2:20
3:00
3:40
4:20
5:00
LIMITS

42°lC9 -39°32:9 4]
46 13.3 -51 03.3 46
56 25.3 -100 50.4 55
54 30. 0 -] 30 44.2 53
47 30.9 -) 53 38.5 46
35 28.1 -177 57.6 35

25 5.3 "157 53.7 24

°47:8
22.4
30.6
31.9
46.7
09.6
39.9

-39°59Vl 42° 1:4
-53 48.4 46 19.0

-101 33.6 55 58.0 -
-130 19.7 54 00.9 -
-152 38. 7 47 08.9 -
-176 39.5 35 19.0 -
+158 12.7 24 52.6 "

-39°46:5 1.0132 0?0 65?1
-52 15.1 1.0163 10.3 74.3
100 59.6 7.0249 43.9 130.3
130 19.0 1.0267 54.2 186.4
152 55.6 7.0253 48.5 238.6
177 05.6 1.0196 25.9 274.8
158 03.3 7.0119 0.0 290.3

- 45.3 60.9 0¢'¢2?E311.5 55.8 74.3 0:56.C
122.1 84.7 ]04.9 1;5Q.c'
?11.6 90.5 110.9 2:06.7
1]4.7 85.9 109.4 1:54.7
153.1 66.8 90.7 }:15.1

- 41.0 55.0 0:38.:'

PUTTING USNO "GRAZE NEARBY" MESSAGES TO WORK

Mark Gingrich

No doubt you have noticed the occasional message
"GRAZING 0CCULTAT!ON OF {Star #) NEARBY" on your U.
S.N.O. total occultation predictions. Juxtaposed
with this message is an equation

(I) Lat. = A ' m (West Long. - g)

where the values A and m vary from graze to graze.
The B value is constant throughout your predictions.

By simply plugging a few longitude values into this
equation, the corresponding latitudes of points
along the graze path are generated. Plot these
points on a map to get a more complete picture of
your position near the graze track.

Alternatively, the distance and heading of the near
;est point on the graze path from your home, cir some
i arbitrary point, cari be calculated. The recipe is

"as follows: for an observer at west longitude ). dnd
latitude ¢), find the value

: (2) L = (g - A) COS 0, (3) M " m / COS t."

'Next, determine X from equation 4

(4) x = m (am; 1)1" l .
:X is inserted into equation 5 to acquire Y

: (S) Y=A-MX.
'The distance (in kilometers) to the nearest point c
ithe graze path is found with equation 6
i (6) R = ]]1 J (X - j.)Z + (V - ¢)Z .

;The heading (azimuth angle) of this point is define i
lby equation 7

(7) X = 90° - tanj {(V - i) / (X - L)} .

1Be careful when taking the arc tdngent; the valt.

- must be in the correct quadrant. If your calcu1
.has a "rectangular to polar conversion" key, the j':
,is made easier. Also, note that unpalatable nega-
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tive values for H can be remedied by adding 360".
The heading for north is 0°, 90" for east, etc.

Here is a sample calcu1ation. The USNO predictions
show this "GRAZE NEARBY" message:

Lat. = 37.68 - 0.36 (West Long. - 122.18) .

Hence, A = 37.68, m · -0.36, and B · ]22.18. The
observer is at west longitude A = 122.75 and lati-
tude G = 37.5. From the recipe, we find R = 2.5 km
and H = 156°, meaning the graze path is 2.5 km from
the observer at a heading of 156° (roughly SSE).

Finally, it should be stressed that equation I is an
"approximatiOn; your computor, with the help of USNO,
"can' suppij' you with more accurate graze limit pre-
dictions. The approximation gives reasonably good

. values [Ed:""acc'uracy of the cirdeF of sCUCral' milCs]'within' 100 km of the coordinates printed on the top
"of your USNO predictions. Attempts to find the dis-
tance and heading for an observatory in Antarctica
would be fruitless.

If you would like a copy of the (HP-41C pr'ogramiable
" calculator) program I use for the above calculations

please send a SASE to me at 2979 Northwood Drive;
Alameda, CA 94501; U.S.A.

FROM THE EDITOR

.
Please note 1980 occultation count coupon enclosed.

In order to make our disclaimer a more permanent
part of your o.n. file, the full text of the note
inserted in the last issue at time of mailing is re-
peated here:

In view of the editorial corment on page 119, it is
embarrassing to find that David Dunham's map of }981
predicted planetary occultation paths does. indeed,
appear in the january, 1981, issue of Sky and Tele-
scope, which I did not see until after this issue of
o.n. came back from the printer. Dr. Dunham had re-
quested that the connent be inserted, probably be-
cause he looked under "0ccultation'High]ights,"
rather than "Celestial Calendar." H. F. DaBo11

OBTAINING COORDINATES FROM MAPS

David Herald

E was interested to read Don Stockbauer's article on
his experiment on dimensional stability of folded
maps (o.n. 2 (9), 97). In his experiment, Don used
a map having a scale of ]:24000, and presimably maps
on that scale are available for the whole of the
U.S.A. [Ed: Not yet.]. In the area where I live
(Canberra, Australia), the 7argest scale maps avail-
able for the region at the moment are at a scale of
?:100000. At that scale, 1 m corresponds to about
3", so the problem of dimensional stability of the
map, both from folding and from moisture effects, is
much more severe.

In any system of measurement, greatest accuracy is
obtained by measuring from the nearest reference
marks. In taking measurements of latitude and lon-
gitude from a map, the obvious way is to use a ruler
and measure from the latitude and longitude marks
(or the map boundary) and make the appropriate in-
terpolation. However, any map I have seen has few
marks for latitude and longitude. The most obvious

markings are the grid lines [Ed: Non-existent on U.
S.G.S. maps]. Provided one has the computational
capability, the most accurate way to obtain a coor-
dinate from a map is to determine the full grid co- '
ordinates (using a ruler), and convert these to lat-

.itude and longitude. .

To illustrate the mathematics involved, I give below
the formulae used. These are for the Australian Ge-
odetic Datum, which differs from the North American
Datum both in the precise values of the constants,
and in being a metric system. However, the formu-
lae will be of the same form.

For grid coordinates N (north) and E (east)
constants k = 0.9996

e" = 0.00673966
C = 6.399617

q = E. 1q-6 .m = N/k

find 0' from m = }]]133.35 di' - )6039 sin 2¢' "
17 sin 4¢'

This requires an iterative process to solve.
With y2 = i + e'2cos2¢ n = k-c/V ' t = tan lji

Then ¢) = 0' - k-t-(1 +. e'2cc,s2¢)-(q/n)2 + .
M-t·(5 " 3-t2).(q/n)'

and L = L(j - q/(n·cos0) +

(I + e'2cos20 + 2t2)·(qln)3/(6·cosO)
where L(j is the central longitude for the map
'zone'.

The accuracy of these formulae, which I have trun-
cated from the fu71 series,. is such as to reproduce
the latitude and longitude from the grid coordinates
with an error of less than 7 metre, or 0!'33 (if it
were possible to obtain the grid coordinates to that
precision). The explicit advantages of this proce-
dure for measuring coordinates are

1. Long-distance uniformity of the measuring scale
is not assumed. The longest distance needed to
be measured is half the grid line spacing, which
probably'jR al] instances is a measurement of
less than one inch.

2. Aligning the ruler parallel with the 1atitude/
longitude directions is not as critical as if one
measures from the map margins.

3. Dimensional stability in the map becomes a ncm-
problem. The measurements are made from the
nearest grid lines; if the location is near a
crease, orc measures from the nearest grid line
on the same side of the crease as the location.

4. Measurement accuracy is improved. In typically
used methods, one aligns one end of a ruler with
a latitude mark, and measures the distance to the
location and to the next latitude mark. That in- -
voIves the measurement or alignment with three
points, and hence three points of measurement er-
ror. Measurement from the nearest grid line in-
volves only two points, the scale of the map be-
ing used to convert the measurement to a distance
in yards or metres.

If anyone is interested, it should be a useful exer-
cise to present appropriate fomu1ae for other da-
tums. As a guide to computational requirements, my
HP-67 program occupies 160 steps, of which a fair
proportion is for the various constants. Further
details should be obtainable from U.S. Army tables
TM5-241-32/2. ,

, , : ' '"· T .. .
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ERRONEOUS STAR POSITIONS FROM OCCULTATIONS, by David Herald

ZC SAD Yr Mo Dy P Observer Remarks

93301 78 Jul 28
7680 93981 78 SeO" 22

96297 79 Apr 3
95318 79 Apr 3
96660 79 Sep 13

1114 96&37 80 M_ae 24
979js79""0ct"l"4"

0026 109084 78 Dec 8
109}26 78 Nov i]
109611 78 jan 15
110069 78 Dec 10
110234 79 Dec 27

1549 118376 78 May 16
78 May 16

1920 139304 79 Jun 6
139607 79 jul 4

2035 139794 80 Mar 6
139956 78 Dec 25

146032 79 Mar 25
158805 78 Aug 1]
}58835 78 Aug n
160254 79 oct 25
160517 78 Mar 20
160785 78 Aub 14

2680 161540 78 oct 8
2718"1'@j7"77 79"Apr"18

161850 78 oct 9
2733 161871 79 Jan 26
2763 162049 79 Jun 12

79 Oct 27
162262 78 Oct g
]62268 78 Oct 9
162450 78 Mar 22

- 162473 78 Mar 22
28,25 ,1,62511 79 Sep 2

'ib257] 79 Sep 2
2833 162588 79 May 16

162707 78 Dec 3
2863 162809 79 Sep 3

163044 78 Nov 6
163363 79 oct I

" 164401 78 Nov 8
164460 78 Nov 11
1.648n_78 Nov 8

R 3 +5 Biittner HMSO residual +3.7 AGK3 psition improves this to +2.5
r""3 " +4 Ha"ys ' zc R:A":"aM"'Drope'r"&tiOn in R.A: are too "small " '" "" """"" "
D 3 +7 Steicke AGK/SAO agree
D 2 +4 Steicke AGKJSAO agree
R 6 -8 Hays No significant difference between SAD and AGK3
D 2 +3 Bii.ttner SAD, Yale, and AGK3 all agree. and all give a poor residual
"r 2 +4"Hays" ' sa(j/agk agree. "Nissed r?
D 3 +5 A11COtt Poor SAD positfon in R.A.
D 6 +9 Stockbauer SAO/GC declination poor; in error by about ]!'8 at ]980
D 2 +5 Blow Error in early epoch position used for Yale proper motion in R.A.(?)
D 3 z4 Hays Poor SAO/Vale position in RA.
D 2 "4 Hays Poor SAO/Yale. AGK3 good.
: a :: =::} - SAO/ZC/S70 all agree. Good residual

D 2 +5 Hays Yale 1'!1 greater than SAO/GC at 7980
D 4 "7 Stockbauer P70 gives Dec 1':5 south of SAD
R 6 +11 Stockbauer SAD and ZC disagree - no Yale position. ZC residual good.
R 4 +14 Blow Primary of wide double with ]39955. First component missed - SAD mag

too faint. SAD proper motions for star obtained from unspecified
source. Data are consistent with Lick IDS data for the doub?e.

R 2 ?4 Steicke ZC better than SAO/GC.
D ]0 "23 Anderson Near graze. No comparison.
D 8 -12 Anderson Very poor SAO/GC position - in error by over 3" at 1980
D 3 +6 Hays No comparison
R 4 -S Steicke No comparison
D 6 +13 Anderson No comparison
D 2 "5 BUttner HMSO residual -j;'g P7¢) improves this to -r:s
R 4 -5 Hays ZC and Yale agree
D 3 +7 Hays No comparison. Reported also in earlier lists.
R 4 -5 Hays ZC position 0:'5 too far north.
: : :? ::::kbaue"} SAO/GC 2" too small in R.A., cf ZC and Yale

D 3 "4 Blow S70 position somewhat better than SAD
D 3 +5 Blow No comparison
R 4 -6 Steicke No comparison
R 5 -6 Steicke No comparison
D 4 ? Biittner Yale somewhat north of SAO/GC & ZC. Poor residua] for all positions.
D ? 5 Vingerhoets P"70""2:'1 greater in R'.A." than SAD
R 6 -8 Hays SAO/GC i:'S too great in RA., cf ZC. ZC good.
I) 2 +4 Alicott No comparison
D 4 "6 Hays Small difference in declination between SAD, ZC, and Yale. Satisfac-

tory residual.
D 2 +4 A11COtt No comparison
D 4 "8 Hays No comparison
D 3 "5 Hays .. No comparison
D 4 -JO Anderson No comparison
D 3 "6 Biittner HMSO residual -1!'6 P70 improves this to -0!'4

ASTEROIDAL 0CCULTAT[ON PREDICTION UPDATES

David Id. Dunham

(I) Cere3 and SAD 60300, 1981 April 21: Arnold Kle-
mo}a obtained three exposures of Ceres and SAD 60300
on 1981 jamary 8, when they happened to be only a
degree apart. My analysis of these data indicate a
0:68 south shift of the path and a negligible cor-
rection to the time. This path crosses the southern
Pacific Ocean, with Tahiti near the center of the
path and Samoa near its southern limit. Lowell Ob-
servatory and M.I.T. astronomers are considering at-
tempting observations while enroute to the Indian O-
cean area for an occultatfon by Uranus five days la-

. ter. If they decfde to try ft, Klemola has measuredthe posItions of 53 reference stars near Ceres' path
during the week preceding the event, for possible
use by other astrometrists with smaller fields of
view who may want to attempt last-minute astrometry.

Gordon Taylor also obtained a plate in early January
which confirms the south shift. K1emo]a's predic-
tion is probably accurate to a path half-width or
better since the path is so wide, Ceres' Orbit is
well-determined, and Klemola used AGK3R stars for
his plate reduction. A similar early attempt to
predict the path for the 1980 October ]0 occultation
by (216) Kleopatra was not very successful because
less-accurate AGK3 data were used for the plate re-
duction, Kleopatra's orbit is not as accurately
known, and the early close approach was greater. 2°.
::i11iam Penha11ow plans to separately check the
star posItions and ephemerides in advance for three
other April events involving (747) Winchester, (91)
Aegina, and (94) Aurora, to see if these events
mfght occur in populous areas and warrant more ex-
tensive astrometry by K7emola and others.

(129) Antigone and S Scuti, 1981 Jui78 S: My predic-
tion for this event is based on an ephemeris compu-
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ted from orbital elements published in the Leningrad
Ephemerides of Minor Planets for 1975. When I did
the calcu1ations, I assumed that these would be e-
quivalent to the elements published in the e.m.p.
for 1980, since no indication of improvement of the
orbital elements had been published. However, when
I computed a prediction based on an ephemeris calcu-
lated from the 1980 elements, I obtained a north
shift of 0'.'84 from my original result, causing the
path to miss the Earth's surface by a few hundred
kilometers. Hopefully, the actual path will be clo-
ser to the original prediction; early astrometry is
needed to check this.

(1685) TorO and SAD 11172, 1981 August 7: Hans Bode
and a coworker found this occu1tation and computed
predictions for it using a copy of my prediction .

, program.
The 5th-magnitude star is near 13 Cassiope-

lac. If the event had been in my table on p. 116 of
the last issue, th& values would have been as fol- #
lows'h % 7., 3h29 , Toro 14.0, 0.15, }}172. 5.4,
b9, 0 22.0, 61°33', 8.6, 83,5, 44, Mozambique and

Tanzania, 93°, 71°, T5-, all. For the second table
on p. 1?7, the values would have been as follows:
Aug 7. 1685 Toro, 4.7 (TRIAD diameter), 0':04, 7, S,

. 3°/day, 42°, 11]72,h"6j° 69. blank, 0.13, 15, 1,0.2, S, 3 blanks, 0 23.7, and 61°43'.

LUNAR OCCULTATIONS OF PLANETS

The maps showing the regions of visibi7ity of lunar
occultat'ions of planets are reprinted'by permission,
from the japanese Ephemeris for 1981 and 7982, pub-
lished by the Hydrographic Department of the Mari-
time Safety Agency of japan. In region 1, only the
reappearance is visible; in region 3, only disap-
pearance may be seen. Reappearance occurs at sunset
a:cmg a dashed curve, while disappearance is at sun-
rise along a curve of alternating dots and dashes.

Observers interested in observing partial oceulta-
tions should request predictions at least three
months in advance, from joseph Senne; P.0. Box 643;

· Roi7a, MO 6540]; U.S.A.; telephone 3}4,364-6233.For further details, see o.n. 2 (6), 54-56.
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RECENTLY-OBSERVED PLANETARY OCCULTATIONS

David 1L Dunham
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Reports of attempts to observe occu1tation$ of stars
by planets and by asteroids should still be sent to
me at P. 0. Box 488, Silver Spring, MD 20907, U.S.A.
and to Gordon Taylor, H.M. Nautical Almanac Office,
Royal Greenwich Observatory, Herstmonceux Castle,
Hai7sham, Sussex BN27 JRP, England. Gordon Taylor
is the chairman of the International Astronomical
Union's Working Group on Planetary Occultations, and
remains the source for most of the original predic-
tions of these events. Reports of these events
should not be sent to the International Occu7tation
Centre in Japan, since they collect only Lunar 0¢-
cultation observations. In some cases, local or
regional Coordinators will collect all observations
from a given area to pass on to us. For some events
in North America; paul Ma1ey, 15807 Brookvi11a,
Houston,.TX 77059, will collect all reports.

Large efforts were made for"some asteroidal occuita-
tions, such as the ones by (6) Hebe on September 15
(astrometry by K1emola at Lick Observatory indica-
ted a path across Ontario, northern New York, and
central New England) and by (12) Victoria on October
26. These plans were foiled by widespread cloud co-
ver. However, for the Hebe event, Mike A'Hearn and
Mark Trueb1ood, travelling from the University of
Maryland and using a ]4-inch Celestron borrowed from
the National Capital Astronomers, went to a site in
Algonquin Park, Ontario, near the predicted path cen-
ter, where skies cleared about two hours before the
event. 'The temperature also dropped sharply, caus-
ing heavy dew. The main telescope was protected
with heating elements, but the finder was not. Con-
sequently, the star was not located and centered
until 10 minutes after the event.
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Short accounts of three successfully observed aster-
oidal occultations in North America during the con-
secutive months of Septenber, October, and November,
1980, are given below. Additional information is

"given in the captions to Figures I - 5 and in Table
1. Credit for the successes of these events must be
shared with Gordon Taylor and Derek iga]ieRtinsen,
who 1nitia}]y identified them, and with several oth-
ers who devoted many hours of work to the astrometry
and observational organization which resulted in
success, including Arnold K1emoja at Lick Observa-
tory and Wi71iam Penhaliow in Rhode Island; Paul
Maley and BiU Shoots in Houston, TX; personnel at
radio station WWII; Chris Aikman·at Dominion Astro-
physical Observatory, Victoria, British Columbia;
Richard Linkletter of the Olympic Astronomical Soci- .
ety; Bill Hubbard and others at the University of
Arizona, and Bob Mi]1is and others at Lowell Observ-
atory; Alan Harris at Jet Propulsion Laboratory;
Clay Sherrod running the message center in Arkansas;
Jim Van Nuland in San Jose, CA; and many more, in-
cluding hundreds of observers who tried and many who "
were clouded out.

(78) Diana and SAD 75392, 1980 September 4: Region-
al maps for this, and the next two, events were pub-
lished in the last issue. Preliminary astrometry
indicated a path near the AGK3 path, but f'Ma1 re-
sults with the objects on the same plate a few days
before the event indicated a more eastern track.
The eastem edge of the path turned out to be near
0!'34 W on the regional map, over the eastern parts
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Fig. 1. The shaded bands show the paths of occulta-
tions of three stars by asteroids during 1980. As-
terisks mark the locations of observers. Dashed
lines show the centers of some of the predicted
paths. Those marked SAD and AGK3 are preliminary
pre9ictions based on the asteroid's nominal ephemer-
Is and on star positions from the respective cata-
logs. In two cases, paths based on "1ast-mhµte"
astrometry are shown; see text. For (78) Diana, the
path predicted from Klemola's and Penhaljow's data
was just west of Ft. Worth,'TX, 01'03 east of the ac-
tual path center; Diana subtended o':oa

of Ft. Worth, TX, while the western edge must have
been at about 0.42 14. Ten observers, all in the
eastern half' of the path in Texas and Oklahoma, re-
corded. the Qccultation visually; their names and a
plot of their observations are presented on p. 397
of the November 1980 issue of Sky and Telescope (a
finder chart had been published in the August is-
sue). Refined times since the plot was published
showed Michael Coucke's observed chord to be lined
up we?1 with the others. John Williams observed
the reappearance time only at Benbrook, TX, on a
chord about a fourth of the way from Garland-
Stockbauer's chord to the Dunhams' Chord, David
McOavid, at Pipe Creek, TX, recorded a chord about
a third of the way from the Dunhams to M. Coucke.
Six of the observers were in three pairs, with .
separations within the pairs 7 km or more along
the predicted path, to produce at least a Z-sec.
time difference. This was done to confirm that the
velocity of any secondary occultation matched that
of the asteroid, but no secondary events were re-
ported. The paired timings did show that less-
experienced observers were slower than those with
some Lunar Qccultation timing experience, even
after·taking larger estimated reaction times into
account, by a few tenths of a second. In two cases,

· a timing for the disappearance was made, when the
observers were dfstracted by a passing automobile
or other cause. They estimated reaction times of
about i?O, but in each case the true reaction time,

"'"'\\ ,"'j"\j'i-"t i , i l-r--[-j-"?-

OQ¢'jl¢citIoA or SAD 'r:,w?_
Dlem·ro· e by ('m Dlnm

_,.. tj':CO Scptmbor 4 _

_, _~
" :> X —ISO

X

\

E" \

'-' ' Y
¶ A

q

, ·. ; +
\

i !1""· i,, .t X ',, - 'OQ

© # D d t
\ Gb-

: ?1
\ 4m V I

t m 'm D
' :- ,P " /

,A
"4

m

/

\ 'r' /
J

," - Sq

" i"= '""'""" i € gr°

?0

Fig. 2. The observations of the occultation by (78)
Diana are shown projected onto the plane of the sky.
X and Y are differences in RA. and Dec. from the
nominal predicticn multiplied by the observer's dis-
tance to'the asteroid. The star was visible when
the lines are thick and occulted when thin; large
dots mark contacts used in the solutions. If the
event was either not timed or poorly timed, the line
is broken. The size of O':Oi and of 1 second of' as-
teroid motion are shown. All observers were in the
eastern half of the path. The trend of the observa-
tions seems to favor the circular fit, which is in
better agreement with the TIA.D. diameter of Diana
based on indirect measurements. But 1ightcurve data
favor an ellipticity closer to that of the best-fit
ellipse, shown in dashes, with' a smaller mean radius

according to very close or paired observers, was
greater than two seconds and the timings were not
used in the analysis. The mean diameter was about
1?0 km, but this is rather uncertain due to the lack
of timings from the western side of the track.

(216) Kleopatra and SAD 128066, 1980 October ID: In
the }980 September issue of Sky and Telescope, there
is a detailed chart showing the occulted star on.p.
213 and an article about K1eopatra's unusual light
variations on p. 203; this was followed up by a
letter indicating that Kieopatra might be a contact
binary in the October issue. Unfortunately, later
light-curve data showed that the occultation would
occur within 15 minutes of minimum light, so that
Kleopatra would be facing nearly end-on, making it
impossible to distinguish between a contact binary
model or an elongated shape from the observed oc-
cultation outline. Unluckily, the two occultations
in November occurred only within a few minutes of
minimum light, so observations of them also could
not distinguish. A prediction based on plates by
Klemola showed the path to be 0!'29 S of the nominal
SAD prediction. During the next couple of nights,
Penhallow and Taylor got plates showing the path to
be near 0!'6 S, passing over northern California.
Since these two independent results agreed and were
later that Klemola's, we recomended that portable
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Fig. 3. This is similar to Fig. 2, but for the occultation by
(216) K] eopatra. Photoelectric observations are identified with
"{p)." Deviations from the best-fit e1?ipse are due more to ir-
regularities of the asteroid than to timing errors. Some data
for visual observers are incomplete. especially for the group at-
Cooking Lake, but I don't expect any significant change when jhe
data are finalized.

observers go to the eastern track, and mobilized the
,Ca1ifornian observers- But Klemoja's prediction was
'closest, only 0':06 in error and just within the dC-
"tua? path, whose edges were at 0!'15 S and o:m S.
...,K7emola's field of view, about 3?5 wide, included

'·m ' more reference stars than the narrower fields of
the others, and reference stars in that part of the
sky are rather sparse. Klemoia saw that some of
the reference stars in one part of his field had po-
sitions which did not agree very well with his mea-
surements, so he did not use them for his overall
plate solution to determine the local reference
fraMe. Kith the smaller fie7ds, the others did not
know this, so the systematically bad stars on the
one side of their fields skewed their reference
frame, resulting in the bad prediction. But as
Chris Aikman points out, the actual path was lucky
in that it included the largest possible number of
fixed observatories, and photoelectric records of
the occultation were made at four of them. Visual
timings were made at five other stations in Alberta.
British Columbia, and Washington.

A secondary occuitation of about ob duration was

simultaneously recorded by Gerry Rattley and Bill
Cooke at sites about 2000 feet apart at Loma Prieta,
CA. Their observation is about 475 km from K1eo-
patra in the plane of the sky. The photoelectric-
ally determined magnitude drop was about }.2 for
an occultation, and visual Observers of the main
occu1tation felt that the color change which
occurred when the orange spectral-type K star dis-
appeared, leaving the relatively bluish aster,oid
visible, was more remarkable than the light inten-

. sity change. Rattjey and Cooke reported the samephenomenon before they knew of any other observa-
tions of the event. Lick Observatory was 3.4 km
east of their path, a'nd A. Klemola and R.P.S. Stone
recorded no variations in a photoelectric record
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Fig. 4. This is like Fig. 2. with ex-
panded scale, showing the secondary ex-
tinction observations made from Loma Pri-
eta, CA. Seconds past 7hO2m U.T. are
shown along the tracks. Both Loma Prieta
observers timed only the D, and Cooke did
not notice the R. Rattley's estimated
duration is probably good to ± 052. The
058 absolute timing difference can be due
to the observers' relative inexperience
in timing occu1tations.

me with a 24-inch reflector. [t is possible that
nothing happened there, since the estimated chord
length of the Loma Prieta event was 7.6 km, and if
the center of a roughly circular object passed only
a Tittle to their west, no secondary event would
occur at the Lick telescope-

Astrometry by Penha]1ow showed the path for the No-
vember 21st occultation by Kleopatra to be at about
0!'6 north, over northern Brazil and Colombia. Clouds
prevented observation from all parts of Brazil. For
observers in Chile, the asteroid was seen to pass
north of the star, while for those in the USA, it
was seen to pass to the south.

["134) Sophrosyne and SAD 74963, 1980 November 24:
Paul Majey has written a comprehensive report of the
efforts to observe this event, the most extensive
for any asteroid occu1tation to date. Part of his
report will be published in a future issue. Early
astrometry by Taylor in late October indicated that
the path would be far to the north of the SAD and
AGK3 tracks, at about 0:'7 N on the regional map pub-
lished on p. 396 of Maley's article in the November
issue of Sky and Telescope, which also contained a
finder chart. The only "last-minute" astrometry for '
the occultation were three exposures by Klemola six ,
days before the event, indicating a path at 0!'84 N,
but with some scatter in the individual measures.
This prediction was broadcast on HWY during the
fourth minute after each hour starting at Oh U.T.

November 22 and continuing until shortly after the .
occultation. The arrangement with KMV is that they
are willing to do this on a free basis once or twice
a year, but it will be necessary to pay for the ser-
vice if it Is done more frequently. That is why
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Fig. 5, This is similar to Fig. 3, but for the qc-
cuitation by (134) Sophrosyne. As far as I know,
the data are final.

there were no broadcasts for some of the other late
1980 asteroidal occultations. The announcemCnts on
NV proved very useful for informing large numbers
of observers about the location of the predicted
path. The Asteroid Intercept Radio Net was also
valuable for coordinating observational coverage
over a large area, and regional ham radio nets
using different frequencies for different areas at
different times of the year are planned for future
events.

Considering Klemo1a's good astrometric record for
predicting previous asteroidal occultations, we felt
that his prediction for Sophrosyne would be accurate
to ±0!'06 (60 km) or one predicted Sophrosyne radius.
So most mobile observers concentrated their efforts
in a band 240 km wide centered at 0:'84 N. The actu-
al path center was about 0!'14 south of this predic-
tion; hence, only three observers in the southern
end of the prime zone, all north of 01ancha, CA near
Owens Lake, observed short occultations defining the
northern limit quite well. They were Ron Hise, jim

- Young, and jeff Young. Richard Chandros and othersfrom Santa Barbara timed a nearly central event at
Los 01ivos. CA, and Jim McMahon, observing from the
China Lake Astronomical Society's observatory in
Ridgecrest, CA, defined a chord south of the aster-
oid's center. There was patchy cloudiness in Cali-
fornia, and several others within the actual path
were clouded out. Sophrosyne appeared to be quite
elongated in the north-south direction, with a mean
diameter near no km.

Extensive cloud cover prevented observation for sec-
ondary occultations from mOSt other parts of the
U.S.A., but even so, rather good coverage was pro-

vided for a distance of 435 km north and 675 km
South of the actual path. Three reports of possible
secondary events were not confirmed by the other ob-
servers of each pair in question at the same dfs- '
tance from the path. Gordon Taylor reports that the
British Astronomical Association had planned an"ex-
pedftion to southwestern France, but cance]]ed due
to poor weather prospects. The actual path included
the Pyrenees Mountains, but no observations were
made at Pie du Midi Observatory. The southern limit
must have passed near Barcelona, Spain, but we have
not heard from occu1tation observers there.

More astrometry would have improved the statistics,
and probably the final prediction, for this event.
But weather prevented more attempts by those now do-
ing. this work. K1emo]a and I believe that the pre-
dictions can be improved by using 17-inch (6° field)
plates at Lick and reducing the measures with AGK3R
data (more accurate data available for approximately
one star per square degree) to define the best pos-
sible reference system. Faint non-catalog stars
will be·measured near the path of the aSteMd, so
that other astrome.trists with smaller fields of view
can use these derived positions to reduce their
plates. Since this secondary net will be referred .
welt to the occulted star, the other observatoMes
can get useful astrometry earlier than before, sq
that more astrometric data should become available
to improve future asteroidal occultation path pre-
dictions. Hopefully, this'wiil keep final predic-
tion errors rather consistently under"{R'1 for the
most important 0ccU}tations which we plan to try.

The results of analysis of the timings of this oc-
cultation, as well as those by (78) Diana and by
(134) Sophrosyne, are given in TabTe 1. Five fig-
ures illustrate these three 1980 occu1tations.

Neptune and SAD 185377,.1980 November 24: Plates
exposed by K]emo]a at Lick Observatory on August 12
indicated that the southern limit of the occulta-
tion crossed Indonesia. A close appulse might have
been seen from South Australia, but even there, con-
ditions were so marginal that visual observations
probably would have been impossible. I received
two inquiries from Australian observers, and had
hoped to publish this result in an issue of o.n.
before the event, but my schedule was too tight to
do this. According to I.A.U. Circular No. 3515, P.
Nicbolson and T. jones photoelectrically recorded
the emersion kf klemo1a's star 23 on 1980 August
21 at U.T. 12 49 47s ±5S; it was accompaMed by at
least ten sharp spikes. A possible secondary oc-
cultation 155 long with depth 0.7 was reported
about 1.5 Neptune radii away in the equatorial plane.
The August 75 appulse to star 22 was also monitored,
with no occu1tations. An occultation of K1emola's
star ]2 by Uranus and its rings on 1980 August 15
was very successfully observed from the European '
Southern, Las Campanas, and Cerro Toloio Observa-
tories in Chile. according to r.,A.U. Circular No.
3503 and 3515. Analysis of the 1980 March 20 oc-
cultation by Uranus' rings is reported by j. Elliot
et al". in The Astmncmical journal 86 (2) 127, 198]
january. From all available ring occultation data,
they derive a value for Uranus' _gynamicai oblateness
factOr J2 = (3.396 ±0.020) x 10 and they estimate
the mass of the 8 ring to be about 4 x jQl6 grams.

" Articles in the same Astron. IT. issue by A. Klemola,
D. Mink, and J. Elliot give information about pre-
dicted occultations by Uranus and Neptune for 1981 -
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(739) Mandeville djkj sad ?, 1980 DeccmbeT jo: To-
shio Hirose informed me that this occUltdtion, pre-
viously unknown to me, was success fully observed
frojn japan. I have not computed an ephemeris to i-
dentify the star, whose nunber was not reported; I
don' t know anything more about the event.

jupiter and SAC) 2.38820, jygo Dt!crmjx·r 11 : Doug Mink,
M. I .T. , reports that observations of this event were
generally unsuccessf u1 . Since the ring was not de-
tected, only an upper limit could be assigned to its
optical thickness. hmiersfon and emers ion by Jupi-
ter were recorded at Kitt Peak National Observatory.
but the photoelectric data seem to be too noisy to
obtain useful information. Apparently. only occul-
tations of stars brighter than mag. 8.6 by Jupiter
can yield useful data.

144) Nysa and Sac) 119165, 1981 Junu.trri g: Jean Pin-
son reports that he and B. Candela, using 2l-Cm tel-
escopes, observed this occultation from La Seyne.
France (near Nrsei] le]. This makes the fifth as-
teroidal occultatiOn observed Wring five conscque-
tive mnths. The combined light dropped abriiptl y hy
1.5 nagni tudes at 2h13"0257 U.T. and remained at
this low level for 8 to 12 seconds. Then flickerinj
was seen for several seconds until 2h13'1'2152. aftr?

wh ich the combined image rema ined steady at itY cIr!-
gina1 brilliance. The occultdtlon occurred two min-
utes later than my prediction at a path of Q':24
north on the world map published in the last iSSUQ
and on regional maps sent to several potential ob-
ServerS. Unfortunately, I know of no other report·
which would be needed to determine Nysa's outline.
Rapid f1 ickering after reappearance has been rCPOr" -
ed during two cjthRr Qccultations with .'.m' s slight)v
greater than I .(I. by some visual observers. The "
f irst was the Qccijttation by (IB) Melpomene on 19,?}¢
December )1 and the other WdS the October occulta-

tion by (216) K)eopatra, see Fig. 3, path for Lin-
brook, Alberta. In fact, most of the visual obser-
vers of' both the primry am secondary occu1tations
by Kleopatra reported this phenomenon, in same cases
so severe that, as for the Nysa event, the emersion
cgjj1d not be accurately timed. Using a 25-cm reflec-
tor, I did riot notice any flickering after the reap-
pearance from behind Melpomene, and no such pheno-
mena were recorded at the several photoelectric ob-
servatories for Kelpomene and Kleopatra. Richard
|.ink1etter has suggested that the phenomenon may be
psychological, perhaps an unconscious variation in
the eye induced by the excitement of seeing the dis-
appearance. Combined visual and photoelectric ob-
servation Of future events with similar magnitude
drops may shed more light on the sItuation.

13h5) Corduba.'ind St"j(7 1?1635, 198! ,R2n?l.u't; 26: As-

troinetry by Klemola on Jan. 20 showed that the event
would occur 776 early on a path 3'.'3 South of the
nominal prediction, shifting the path well south of
Nnrth America into the South Pacific near Pitcairn
Is. Klemola measured the positions of 70 faint stars
near Corduba's path and relayed these to Randy Olsen
at New Mexico State University, where astrometr1c
observations of Corduba were made with d 24-inch re-
flector with 30' field. Reduction of their measures
with Klemala's reference stars confimed the large
soUth shift. demonstrating the utility of Klemola's
secondary net, although the occultation itSelf was
not accessible. Some observers in California moni-
tored the appulse and reported FlO events, as expect-
ed. Far)ier plans to disseninate the shift informa-
tion by the Asteroid Intercept Radio Net were not
carried out. Some early astrometry could have de-
tected the large ephemeris error and saved some of
the last-minute efforts. The error is so large that
Gordon Taylor's searches for occultations by Corduba
dr"C probably nnt complete. with some events predict-
ed to narrowly m1ss·the Earth POSSibly actually oc-
curring in astronomica11y populated areas.

Table 1. Resul ts of Observations of 1980 Asteroidal l)¢cu1tations. Both elliptical and circular sol Ljtiijns
are shown. For ellip'tica1 fits, the mean radius fs given. and the flatteMng is the mean radius minus the
semi-minor axis. The radii from TRIM are based on indirect infrared Dr poIarimetric data. The TRIAD value
for Kleopatra is known to be in error: recent indirect measurements agree well with our mean radius.

Asteroid. and. gte No. of Con.tac.t.s Mean., Residual Radius, km Flatten ing, kp pps.. Angj)e Minor Axis TRIAD Radius

(78) Diana 14 3.0 km 64.0 " ?.8 70 km
Septmber 4 14 1.4 5).3 P 2.1 11).3 .q 1.6 1)4:1 " 4'.'1

(216) Kleopatra 12 3. 7 MA ' 1.9 7.9 ' 2.7 6.6 '. 9.1 no
October ]0 12 5.4 55.9 " 2.4

(134) Sophrosyne 9 1.8 53.3 " 2.3 8.1 g 3.8 59.5 " 6.6 58
November 24 9 . 3.1 50.9 ' 1.9

MORE ON ASTEROIDAL SATELLITES termined, is about 330 'JO km.

David \l Dunham

Speckle interferometric observations indicating
probable satellites of {2) Pa)1as and (12} Victoria
were reported on p. }02 of the last issue. fbre de-
tails were presented at last October's meetfnq of
the American Astronomical Society's Division for
Planetary Sciences in Tucson, AL and published in
Science.¶~s lj8 (IB) p. 295, 1980 November 8. pal-
las' satellite's diameter is estimated to be ]75 ±20
km, at a distance of 750 ".100 km, whfle the distance
of Victoria's satellite. whose size has Not been dc-

A good article, "Do Asteroids Have Moons," was pub-
lished by Ray Vi11ard in star and skis 2 (9] p. 17 -
24, 1980 September. The only errors I found were
the labels on the picture an p. 19 (Herculia should
be Herculina, Paces should be pales, and 24 Hektor
should be 624 Hektor), and the statement that the
secondary (jGCU) talion reported for the occultation
by (65) Cybele on 1979 October 17 was observed at
three stat ions . That statement Is true for Cybele
itself, but only one of the visual observers re-
ported the secondary occultation.
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In a letter on p. 372 of the 1980 November issue of
Sky and Telescope, Jack MacConne11 casts doubt on
the observation of the secondary occuitation of SAD
80950 by (g) Metis at Barquisimeto, Venezuela, on
1979 December 11, saying that three other observers
who reported no eveRts were "lying along nearly the
same occultation track." But as I pointed out on
p. 103 of the last issue, the closest of these ob-
servers was still 51 km from the Barquisimeto path,
considerab7y more than the radius of a presumed
spherical satellite which caused a central occuita-
tion of the length observed at Barquisimeto. Mac-
Conne1] had sent his letter to Sky and Telesoope
before I talked wIth him last June, when he was al-
so not aware of juana Ines Chiossone's letter to
Paul Majey stating that the disappearance and re-
appearance were instantaneous and that other stars

" in the field of view did not vary in brightness
during the occu1tati"on; see o.n." 2 (g) 87. The

-best seeing disks that MacConne11 reported for his
direct observations of Metis were I", larger than
the observed separation of the Barquisimeto "sate-
llite" from Metis. I believe that the Barquisimeto
observation stands as one of the "well-documented"
(not my original words) secondary occultations men-
tioned in my article on 1981 planetary occujtations
in the 198] January issue of Sky and Telescope.
See p. 723 for an article about possible direct ob-
servations of the Barqujsimeto satellite.

On pages 297-298 of the 1981 January 16th issue of
Science, Thomas Van Flandern has published a Techni-
cal Note answering the questions about minor planet
satellite observations raised by Harold Reitsema in
Science 205, p. ]85 (1979). In a late update, he
managed to publish, for the first time, the fact
that a secondary extinction was confirmed at.two
separate stations during the 1980 October 10 (Van
F1andern incorrectly gave the date as November JO)
by (216) Kleopatra. To further publicize the sub-

"'ject, Paul Ma1ey has published an article, "Id
Search of Satellites of Minor Planets," in journal
of the Royal Astronomical Society of Canada, 74 (6)

327 (1980).

My letter in response to the article about the 1979
December 11 occultation by (3) Juno in the 1980
April issue of Sky and Telescope has been published
.on p. 126 of the 798] February issue of that maga-
zine. At one point, [ am incorrectly quoted as
saying "Several experienced persons obtained visual
timings" of the event, while in fact I said "a few
visual timings were obtained by a couple of experi-
enced occu1tation observers." The occultation is
more fully discussed in o.n. 2 (7) 76, (8) 87, and
(g) 103. The observations of the event by Universi-
ty of Arizona and University of Hawaii personnel are
discussed by Reitsema et al. in a good article in
The Astronomical journal 86 (I) 121 (1981 January).
They stress the yarue of photoelectric observations
of asteroidal occultations for measuring the angular
diameters of stars not accessible to Lunar occulta-
tions. A comprehensive analysis of al] of the ob-
servations of the event by R. L. Mi71is and 37 co-
authors will appear in a future issue of ,Astron. FT.

I have been asked a few times about the length of
time before and after the predicted time of closest
approach that observation should be made for possi-
ble secondary occultations by satellites. Van Flan-
dern,has calculated that the sphere of influence for
asteroids have radii typically 100 times the diame-

ter, so that observing for 100 times the central
predicted duratfon before and after will fii71y cover
the possfbflitfes. But this is often a very long
tfme; it is difficult for visual observers to effec-
tively concentrate for more than 30 minutes. In.
fact, observed secondary extinctions have al] occur-
red within 30 diameters (and all sizeable ones with-
in 10 diameters) of the asteroid, so I recorwnend
observing for 2 minutes (to take into account possi-
ble error in the predicted time) + 30 times the pre-
dicted central duration before the predicted time,
to a similar amount after it. For example, if the
predicted central duration is 20 seconds, the total
observing time should be 24 minutes centered on the
predicted time. For very long duration events, I "
would i'ecommend not observing for more than 30 min-
utes (unless extra observers are available), but do "
cover 10 times the central duration before and af-
ter. Be sure-to pay'carefu7]est attention during
the five-minute interva? centered on the predicted
time. ' '

PLANETARY OCCULTATION PREDICTIONS (Continued) "

David hi. Dunham

June 7: SAD 98622 may be a close double, with com-
ponent magnitudes of 9.1 and 9.6, separation about
0!'4 in direction 158°, based on Jim Van Nuland's "
observation of a Lunar occultation on 1979 June i;
see o.n. 2 (7) n.

June 21: Derek Wa11entinsen's predicted occultation
of SAD 119142 by (44) Nysa is not included since it
will occur in the far South Pacific Ocean where
there are no islandS.

Aug 7: Photoelectric observations will be needed to
reliably detect the small magnitude drop during this
event, as well as for other asteroidal occultations .

" listed in the table with Am's smaller than about
LO. Only experienced occultation observers have
detected drops in the range of 0.4 to 1.0 mag. when
atmospheric seeing was good. A large satellite of
(IB) Melpomene is suspected frOm an observation of
the 1978 December n occultation. Melpomene is un-
usually close during the perihelic opposition in
August, so circumstances for detecting the satellite
by speckle interferometry or perhaps even by direct
observation (elongations may significantly exceed
i:'O) are unusually favorable. The close approach
also magnifies small uncertainties in the orbital
elements, leading to a rather large uncertainty in
the position of the path. This could be considerab-
ly reduced by astrometric observations a month or
two before the event.

Aug ii: Gordon TaWor's predicted occultation of
SAD 78260 by (83) Beatrix is not included since it
will occur in island-less parts of the Indian Ocean.

Aug 26: SAD 77350 is Z.C. 849; a "gradual" disap-
pearance reported at a 1935 lunar occuitatfon indi-
cates possible duplicity.

Aug 27: It is not-known whether the path for this
occultation will cross western Europe, only the -
North Atlantic Ocean, or eastern North America due
to large uncertainties in both the ephemeris and the
star's position. The path runs steeply from north
to south. The prediction can be considerably im-
proved by astrometry a couple of months in advance.
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Sep 4: See note for Aug 7 above.

Sep 12: jean Meeus points out that Uranus will pass
7" north of 5.5-mag. 47 Llbrae arotmd 19h37m U.T.
There will be no occultation by Uranus or by its
known rings or satellites, but possible material in
the known satellite orbits might briefly dim the
star for those in western Europe or in Africa.

Nov 2: The star has an ilth-mag. companion 47" away
in p.a. 338", too far away to be occulted by Thisbe.

Nov 28, (624) Hektor: This Trojan asteroid is prob-
ably two objects crushed together. A southward
shift of the uncertain predicted path will be needed
to make the occu7tation visible from somewhere in a
narrow band crossing the U.S.A. The southern dec-
lination and 36° elongation from the sun will hinder

observation and prevent an accurate astrometric up-
date. Even the longitude of the narrow zone of pos-
sib7e viewing is uncertain due to the large differ-
ence in time predicted by the two available orbits.
This uncertainty could be eliminated by astrometric
plates taken at opposition in June, but these must
be taken at a Southern-Hwisphere observatory since
the declination then will be -44°.

]981 Dec 30: The occulting object is the asteroid
106 Dione, not Saturn's satellite of the same name.

7983 May 29: Data for this event are not in the
current table, but were included in the tables in
o.n. 2 (7) 64-65. Predictions based on several
available star positions were described.in o.n. 2
(g) 111. These are shown on the regional map for
the event in this issue. In his Bulletin 25, Gordon
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Taylor tells of comunication
about this with the Astronomisches
Rechen lnstitut in Heidelberg,
German Federal Republic. They
noted that the FK4S position is
preferable to that given in the
AGK3. A position for the S.R.S.
program obtained in 1969 at EI Le-
oncito, Argentina, agrees best
with the southernmost path pre-
dicted by the SAD (G.C.) position,
but the G.C. is considered to be
one of the poorer catalogs, and )
Vulpeculae's altitude at culmina-
tion is relative7y low at the lat-
itude of El Leoncito. Once the
star position problem is resolved,
perhaps with the help OF a dif-
fraction grating for comparison
with Pa11as a week or so before
the event, we can try to predict
the path of occultation by Pallas'
large satellite, which should be
possible with an orbit determined
from speckle interferometric ob-
servations.

'5\ \'

.f

,!')'>R .|-.,1
it), "\ jII ' ,J,

" :'":;iE3 !' 1,|) ' .,, "

,)
SAD 162369 by Hesperia 1981 Mar 9

+230
. - D

. ° " D k" ° e , " " "
~ . ,F . · 2,0" " ~ 6h 4Om '

. (

e R

6 ° " , " · P

,L}

I I .I {

,,, , 3b % G " " O S 0 ¢> GE 43NJ ^"'x:mn. } " ' 0

"" C % " " Q" .PHI . ,· YKc S"' jg S "' . :

C . Q C) ""· G . '°" :r»
/ :,..

. I a P3 Q . . Q ° ,4,,K$?· :'L" ip 't;' 4Gj"" I \ ' ,
_, T'p C " " ~ C) A,

,
©¥ @\, , ' i" - \,.,.. . C-j Dm ,

"?1 - · o lb .u ' ' ,' ··-'" : · ·
· t , C· Gb ' " °"°" ;lCj / · 4 % ·" X G K ~ D ' L ' " "

G D Q · T -3 ." B t" · "{JO' '

\ ° " '

, t? ' % , "· T!) ·" " / · T'r' . . 'QU, · G . ' . 0 . / . ' ' '",.
"2(' ; "C J = :i

. : · ,.1 Q , - 0O, ;'C' C 3 ; " ' '. - — u

,. ,Sj G) ' ° . G . . · -3 " . . .5 m Cj d , G "'"' " - ·' z ·
€ " :3 ?

? ,
·13' ' " t r' I S V 3 ,-1C '

4€" 42 4Cr 33 33 .3" 3q? 30 ':="

:ij3t r?r is (m psicke sro mm

(I)'
OS

(I) 5
3 7

= 5

- g

[The world maps are produced by
Mitsuru SOma, the regional maps by
Da v id Du nham.]

""" . ·- · ""cA5tc:O
2 . ' G e ,:'9 C i

e IC r'

·' GEMINI - "" '

,,, . ,. u L " L)L ~

C. -· "· '
' O

t C 17
' (O,ioO#L—~""'

..
¶f' "- u. Ci

o cI " "·
- . . . ·4

"'T ·L " " p """ C ,

'<4 G
V C

W. Q G " "
C G Cp

G " Q

"2"J b ":C "« cjr"% = 0·
:g&M. , G

O C G.
Q C C. d G)

(3 8(y°'lux "
·20" ' ' ' IC t '

" 40" 45 44 42 4L' % % 3a 743,2"

i'jji R"F: 21 (L) C.LRE'J !S!.C C·C'?C!2 -

-3CI'
, G,

1 i 7·lTjUL "0+ - , ", ·W ,

6 e ; : . 0 W 0 +
0ka D ~ O a 0 Z . m

0 Xa a P

"" ?' , " " " " " ' '0C ' 0 I + . " 0
r

C P : 0 0

"3i _ :

q

"

0

' I " 0 " " " ' " .
0O ' a W

m - , i W 0 V . a 0 'V· ~ ,

, . 0 p ·0' . , 1F

a 0 "

T " . a "

q D , t ~ B "

-3? - O . «a !C£mtaukus " ,WP B ;.

.

O 0

e

e T .. ^

q 0
C 0 e

0O DQ " uj4 0 , ^ W " . "

" + D
-33 " . , 's'Tjj ,,, .C C . , ·, e 0

n
P "

G 205U7

. G e , ,3
rn g e . - e " "

0 + "

«

e " ' " 0 " V + "-34" r ' ' I ¶ I · I " ' 0 -

3¢" 3' 3n 23 2$ 24 2? m 4'N i - · . " ." . . 6 . . 0

1331 rpf1 211 135) atcu.rkte s'io assn , " " - · " b

" 0 0 V 0 · "0
r

-IS" G
0' C § "· m7

G M a
" G g

CX O " + ¥ .
d

,,, _ , (9. ." 0 +

. '". " " ° " · " " Z UKHE .«"'6, "d,' .-"ar O . ~

Cj "r r
. a o "B ·"

€

..^_. _

Q)e Ci

g
"""" " . ·40

P r +

CR, £ '""f«,'± " " " "
© m P

35 ." 5"sm.". · ·Ut · ·B

» J _1$ - " " · j "
C GDC " ° D

~ G V

· 3 e C " "+ LNRA
e

" ·J ' CJ G C r V O e e

C ?
-m ' · Q ' I 1 1 '

5·" u 52 h ¢83 4s 44 e jj'L"

1331 R"R 4 (31) KC'TNL Smil! :is'3m

+" rn?pr ,- e m ""32"

. " " D = "

" ".G 4 " ' QL·

·
, " 3 S'

.7 ) 0 " " ' i -·' ' 0 · : , 8- b,, 7 "?3 .. ;(y, " .D . ,C">$'t"" - - yj <:
+31 ,2 a 0

9 " ~ J' '
c p " " D "" · . '. e

O 0 "'0 0 ".0
" : " ¢ "=<' "" Q ° " \" >-4--·-=~' " '"""±"fiQ·t"

"*
% "" c C ° G:D" " i

: ¶,eµy'50 1/' " " "

. . .." ° a" ¶·'." " 'y " - ->.-

" = ° · % " . " - " :4 """"PS O . · .
3 D qO " ~0 t L Q " '

^ a X C: & (I) " " I . " ... 4r
."Z3 - " a G % " ·1 0" " -

" tb " 0 "J03 a
p t

m "
C = " t \" .YD '—~~W e C " """ " O ~.

a,. 5 : % 0 ""; ; '" :;j. " t;o'$'i .'
. €3" gs 44 e 4c 33 J 3' 5b3L" m,Nh -U

. 1931 R'7'l ii (g') * 533$9 +: I " . d i. t. °

.

. .

V-



m

,· ¢ l.-m _ L ,
-aW "

',,: "CIT I ' " ·

, , "' """ "~N

'))I),))\,2? ,--n,,=£sj" "t' ""
6x-

' i 'V
? , , ,. ,. , .n - . L . i' ·--t

(A , , ,,,/' //j

\

,
jj'u5"\

')1U
}

L Kl b 3 n L , 11 . ·'

Z, :' ,' I,',!,'

Sfi ie
7)ii)A;

^57Tm

/'"' g
" 'i

t

\e'
/T

SAD 161895 by Parthenope 8] Mar 13

~
~,<% a

." qr . , , m

,,,:,z7fyij?ji),""
'77,j"> I ' V7"±S'i

t \2-- ' Ji'f, )"'"")"" ','L,))

. /I 'r^Or_\', W , ,L,,,

S40 100625 by Winchester '81 Apr 2

y&k¥fh'~
SAD 118832 by Doris 1981 Mar IB'

, . '" 'L, : G . : [ijr '
r '"' ~mj_ j" ' " 3f"t'\

)')j))|l-
'<=8~, '.- ""

SAD 205907 by Ata]ante 1981 Apr 2

, ' P"

))-),

' "4 , 2'y\

\1 \' I ,} ft // I i

?r
.. .

-.: X,

,!l 1j,jls.. " & e^r

- ·.' I' " :', ". L ,, i 'E·t^."

SAD 130921 by Pa]]as ]981 Apr 7

~=µ""
.SAD 139976 by Laetitia 1981 Mar 25

"~~

"-~
-_m

If±S= "",'""
.'/ jL I ,, ""-- " -

' - , "' 33 x
:. " ' ' " ' "" f ,, - :

)j.,Oj"'
SAD 158864 by Aegina 1981 Apr 4

= ' """ ., i

,S,,l,- p_ ,, , , p;,'
" '"K-Z ,' 1 , ', ' ' Qi"

"")"' ') 1
rjjj'""

:7" —

,,:SN3-'7:x: ii""
!iji, '"' " "'")""

7": :

' ,

,< : r ,

4

)

t' _
1 j:: V-

,< :
4

/

SAD 92925 by Beatrix 1981 Apr 4

_r ¥

r-

"))1
. f

SAD 58389 by Aurora 1981 Apr 11

' ~ ,-Sa"m^

1,¶,, ,./)1-
' '\A " ,, I jL_£y

' _ "
SAD 77370 by Psyche 1981 Apr ]5

SAD 93474 by Semeie 1981 Apr 8

__
u~~~ 3n 3rp

,=__ " '. 7

2 '-~ ,
I 'r ·" ·

'I) :
' · "", ', y"".\ I .\ %

· ., X
-t > ' '

g
L \

b

SAD 205617 by Atalante 1981 Apr 20



·

I

148

jei a 33 tm rtala4te

DJA'EJW? 12M m m

sai,- ? u,. :2% ,
t : qL :
:

CL K

U" t+ \

I

T

- . , UT _ I t · 6 \ D

u g'ts"b ——) O E
' '3"- L<_ K X ' '

G " o·t$
T

W pO \ h \6"

\ ' \ "

y % · \ q1 F

+
\ G S' " J· ,

U

» 6
';jj qZ, f S" 3[ i Oy S 1 0"

-ids -gs m -73 @ m ml
LAKG[1LEE

jmi 4 zn ce) atalante sad aFEi}7

DIAIETER 12q m - CI:'C6

:ja

q5 ::'ht/ AL T)7de" ,y .

/ eQ
~nnp

T / / / / 7 "
K, _{;,S a/ .J

e €
G YO r

·Mr/
+ m a'b

O:ZS "/ +,

/ ·

d

, S "S) 5 '0·
;; S /1

0
23

-2CI -iCl El 5

I

,I

q

I

I

Long[1uje

t9ai 6 3 (129) ant [gone sad i q267q

b[ApETER 113 m = lj:ll

33 '" 1, " W -7&<~" O *l"

Ub D" " , .% '^7 " '1
" , , j;±t" \=e=xs: ^ d:,:, "

n~

' ' · \ ay / " 4 '" ( .r·-" /X" / d %
, F"h , V P . d: S

L 45 " 'S' 0' " \-5 "

'-').)")I\')'))i )"g

23 I I I I ^1 1 1 I 1 I
-lC]3 -gs "133 -73 -63 _35 _:50

LONG ITUCE

158] ES !5 (]29) ANT[GOF€ 5AQ 142671

DI/WETER 1]3 m - o:'ii

m
" " C? d '

_~<9", , C
,(, 5 . '>L

0 · ^7 µG

53 — " --" "'? g "
E", 4=' ," ""'"

4 d , -.-" Fa "
7 W J

j j"1" "
mRjt ir-) . . "

* ,
.^'eszS ft," "

,.. S I 0 'r"°

, ' .Q" i) 4

m "I 1 =
-IQ lj IQ 213 23

LONGITLEE

i')"""')")))!)')'""):'
':i:ii j: , i'; ~

..,+ ~ W _ C L, 6

» m' m . ·¢

.<"-""', ::_",::Cx ·... .

{:1j'Ey:\)f:¢7:,,...
"F-l '"-t:--' ": jj"T"i:"r?"'g;i·"°

?\" " \ "\ V ' ' ' : ? k -- i } ; W
To L ~

. ; ·
. 0

,: ', ),1jr . · r ? " t L ,""7r

. . . . . .r · . .
, r r " ," g ,P

' - . " . , "g, r ,' t," -. 7"
' r "'L . ' b " , qff · '

" "-:¢ (., r · " .__,,:,

SAD 60300 by Ceres 1981 Apr 2] -19° 4222 by Uranus 198] Apr 26

,/ +. -~" 'T-

3',!$isu
:yj|,'"")gi ,ij?

'))!i::j'-"
SAD 209308 by Egeria 1981 Apr 26



r

149

198] a ¶ (Ell) AEGINA SAD 13EEEQ

Diat-eter ICE m - O:°CEl
3J /f(76/Oh / /

cy~3" "" °:' ^
L AS · H
A P / ¥ ,

* C
" X /

T "
t " If / / * S =

T X X 7 K QC %
« In

L 1/ ( / Z '

U '
, >D / ' .' µ y " a

E 35 « " " / 1,/ , Jr °:" a

*" * " H t ,/ )/ '

¶0"E S
.E

_

' .
dy> , , '

/;7 / 4 S

25 1

id e :
I

k74 QC" I jjo; 04" I / O4 O " 1
CL

.
-125 -i is mas -r95 " -83 -75 -65

LCNGITUCE

,7/'"-'"772Ui)-
!,.;J- -'_"1

· I ' ".

"tj ! 'J
.. . I :T'

SAD 7905] by Vibilia 1981 Apr 29

IW} 4 m {j+9} VIBTLIA SAD 7@]

Diapeter 132 m= Q:CE

Li,4: Ek-

",')aT
:"<Sv?s=t·"'" :' <: 'F '

' Te; .si"""' "' % "Zz"yT- t ' ""

SAD 190234 by Minerva 1981 May 4

6JI " ' ' §"

" , .. Cj
_ g " P 'Q

b

W~" +"

.

a"

. ,·,

"

.L _
A " " .
;

AS _

E 't

.

. ,

U C
D +
E _ , .

\0 °
« Pf

6 , ' r'
^ " ~ 0

35 — C ~ "

.. T' · ~ " |e OX ,g
L* "

3 " +
" /" <%,,

,d D e, ' " " , , Of, % ,p ,cg
%

t t I Is , I t I — I 12!J
-m mo IJ icj aj 3j ·fCj SC]

. " :=C." ,5&' -... "z:::i;z" ',11 . 5-

,k"Eni:"·: '

"'Q'",?""""b!,r",
SAD 97880 by Melete 1987 May 9

\LCNGITUE

-:3m
a U 0 · 0

I · a " . I
r' to "%'

,
3?r · , ..__¥ ,._ ° "C

° : · i E"t? ;':" .<'3, '., ·· ""
Cq I (- · " ' ' ' 4 \ .·

"G) ' , ',,m i.?E:·;i" ::!]:~: . y;:i!i-:" "
d ' /' . , ' . . '. Z'c s ,

,

"'a'w \+

, , ' gc' :"[- 6::.;t &itZ: Zc,; ':},,
.a

'/'"Gr,;, ,: " %-" jr · . " ·g: ,
:.°. .

.

" 3 W:' : ':' a:R, ·ca;ii

UR —
D V :0 . O .

D " '

° ° . ffucs'qc, - : · . 6, 0" " r
a

d I " r't,/ If " ' 8 «"4,
7 m

, . . (r : § 0¶ g O .4a3rj"

go 2M33M

I

4I 1
I .u

' =, . .^"im.
, 0

,,.,).1)

..

_

" 'S
3 6·

m G;

% Q

.

9

-33 - · S
0 0 0

@
Q C

» 0

E ry9^

. 0

-34 - "S "" " m :o

. GCpTX

3 " 0 "='3c1 a

e· S) " D,, : ",0 "
e G C)wp

-% ,?"J , ;"Z , a : : .

e ob DO .

0 Q ' 3
0 a q e

.

36" t " I t m I? t r
' sr a K 49 45 44 42

iet Rm 25 (I 3} UdFlXl

'T7
y,
='Er7 '

±'-!
'i ' ;[ jr "I I ,

"L:Eg
KMN 28 by Neptune 1981 Kay 10



150

_
_

I i I E V' .' ,0 -4
Q B

W-"

at

0 D W " e 0
q¶C Q Q

OF "
0 _ .S

· 0 <1 O CI
op

JJL

't ,83 "" ";

X "

r
¶6 " .

Q

DZ
_ --G.

CjQX

Q Y, · "
YP

3

X

,7""j:
' "">' """' " ' ' i" i S
~-T ! , 1 _>-7ii:ii

X
" r r

\ D

. AQR oN ,6 7r K p O

'4

V O
'·== '-'. "

·· ?L:.iyj:° -,
' Q N¢Y21 ' P Ee

O %" 6 :. . O78 Q C
0 0 0

Q¶T" "
0 g

O;; Z3,,8.' n{: N' 2 ;,, " ' " OA
r r r t X
56 51 2:2'48"

¢j'i"' 'i'va,,L'J' 'j)S'"'"
b % ~

¶981 MAI f7 28 8ELLONA · SAD 146428

1981 MAI 21 28 BELLONA SAD 746472

SAD 13]847 by Pa11as 1981 May ?0

W "

". . ° . -k.-' ' ° . ·""_4=!:abaN: =:*'" " °

, .

0·»¢ Z " " Z%; ""q . ", · qg - ·0W p · p p
i sd

«- O Q.
'L- "'d' O:C i ,.,"'r1, : "'" Ge Q

W ©

; 7a·j G " 4 +Z9n "
0

, i - <©- " a

. i , g:" ." O, . ;r^ ·«7 Si %2 .0 r · ·I 0 g
" : ' '

I m 6 ·28" W Q?p ej
·7, X¶ P

,

, " t

· '· , Iv " O
·7 0

' ¶"R';"' " ' '
, - *27"i '° " G" 2" m ?" S""' :

a 3
' ' ' ' ' ' Sts'ck BAUER ' 1,4% yA7' U

5°

" C, 2

% ,, " mµx "

. ?L'"" *,:' 'I ,,<lC4"'µ
.

O :J

¶7 ;5 :1U : D

." Q Q D
O .0 "

a" "" D

O Q

. 'e': ., °

??" '.°
Q

Qi)):')'-'))'))'
.. .q, , ¥" . . ...r,,— +— " " "":
" ~· -.-

e GP

I I ¶OQ 1 ¢7
SSn SU s2T scr <s"N«T -00° 4]38 by Daphne ]98] May ii

(452) PM1EGT!& BD "3·] 27E3

· m "_: ' ' '
. \- e \ \ t : 1$SRPENS Of'.5a 6 L ": % 'm. · : ," I '4. \ i / CAUM

0 '
' O S ' . . ~. 4 3¢ ? '

, " . , , " . - ·%m -·· :-=. . " "\" / " I)
, e · Di -.--"6 -'.' · "0Aj~ \, %e

» - , ," d " a, . , 't "-". .· ; ' "'i' °· © - '..G:;, 0 ' ·q :,. ,9· \"" -¥ . ·· i\f-S C· © " ·Q 2 .
. . . · I C~· - 'S'" 0 ¢ 0 6 0 . ' I : ,r 0 6.k ;j\, " i

. , " 8 . 0 " S 4 ; " '; :M' " "0 "t' I " I' I
0 p % u · . : — " \ 0 i " IW

· " , , , . · , ? " I ' . - I """, · Vc "/'C:03 -m "· " 1"j
"' "°° . · :. : ". ' '©"'i : ' A?:j·- j " :';" =: :\. '{::k"S,-·'"'i.

' "' » % " 0 " "le, ·S; - : ' "" ""t"' C·m;'i"'X " iK

-S - .· 'W · ' · - ' ·..·..7 "f'M' I-. · i' $ swrc Ei . " —: "" ' ' ; ·\._.-:-';--" 7 "" ) ." ·j ', :i'» i
:" "" " - A . . t?' .: , . ; ,"":'.'"' ;"·' J "I'i.,,

.,.
G)"., :,·

,r i , , , . , , " ' '"""i"

i'::(': A. °
· \\C

'C : SQ '$ " " (:'s,v,:Ei'M $'"'""K'U$; ' .: ."'Gt J ',,. ,d O' "i \q >
I ¶

t93t . JN 5 (123J Qbd IGCKE uo :423 . i -t " " ' "> - ·' '
D i 0$CUTUH' " .1\ ,r \ "0 I'.'

. >2 ' _ .· -:.. "=":'Z"^--" .· ¥
. .. . .. .. .'~ ...h.., , · · :,~8r_ . " . GEL .

. "" "' ·"""'·""4'"'4"^ ":"* ---". 6
. - . . . .

,1:L',:i:"":",':·?",,:¢'"::i,?z'},

!\!.,.:."j)"!:!:i.l;':'l',!,"|-]ti,'
'<":' 'i,.i-!=i$uf"

""'"'tir:,:.G"::::'34""'
. , ~. . "

SAD 95447 by Arethusa 1981 May 13

'~

~
~

;+ "' " · ,' ""' "1Z\ta?SK'"
"ij).ft'

"T-'- /"

.
, .p E Ik ~·¥d¶ >. ,m';"±'""":'":v:.':,,

,7/ I'" '.+Y" : "' :" ; "T-Z-'·: t;.' ,

/g" '°" E."'"7 '"""' "";'" i- :'- '.,'·,
I,','-: ' '"4 ' ' "'""".,;: :--' '"'!-j.j\
":v!'ir'r'i ' *,

, . k - ': -:: ' 'r + p ,
": ' , 7.:, i ' . ,, .: .' !r,"

, · A- ' · / :- ; :' L :, ¶ " " · 0 ' ~' '' , .. '1 . · . ·L : ' · L " : _ i r' I ' I'

' '.,.· ' ' " ;:'":7' ' ,'7·'--1.:',',,
. ...44 :P ·m n -i .. . ., ,..

4· ' "· " L'- I ).. ' .'"'<'-,';'i=u

~
" ' Sj~}k ^

" "~L' "' """
m

"22° }766 by Alexandra 1981 May 14 SAD )46428 by Be1]0na 1981 May 17 '30° 1798 by Patientia 1981 May 20

1



151

+'S8 ·1 . ' j I I U lib - , OIq 7

· " i on~
" D. . " · ; " · , " · W };,, ! _ , .,

6 ~
0

""7 " .D · O ' S! " " U
®ii°' .·, < ", . ,W. ' . '"

" ,E"l'¶ , " _ ' . " . ,?,). · ": qIyn
+31 " ." p G O '" " «C 1 a

D
6

O O " cm P" Q,3 OS ( D
0

0 mo " ,p a mO
" ;jc"° " " " ' "

j
, " " O "7, i+35-.jo kl 0 m " " i jo
P I " 0 i

D b
C 0 0 G Q e I i S

.W"'" C7 dO , "Id , j
' LYX % " ' j L,E.Q D O

b b j "n

I I f 1 D p Qea q """:h a" Lb' Aq 20 gur

I

^" Q4 3Q u uhzc

—t: B I i LI i I I I 0
q

" 0 0 0 OP e , 4

3 0 e %b 0
B P 0 t P 0 0

0 0 : , D © ,0 " R ' " DD > D
P

-21 - e p " " " " " ":; · O ° ,e

^ " :" °· "· 8 "
D 0

e p 0wO 00 e%p " " «

'd:-, ° m ',':: ;. " ". ·

° " · ,! . '?5 ,d6m O "' " '

0 " e © D 0 p O 0
0e 0 ©

AS"Do 0 0

, ,p " " D ." Kd

· 0 " obk El)DO Q
W 0 p 0

O 0 W V « 0 0 · 0
P

f k I f 1 t j0"2€ r G

7981jUh! 5 (317 PATROCLUS SAD (31509 Qit : \!e ,

0
jq % " a

I
0 t

G" -2C° U , U , YD \ (7 m

D 0

, D . .·. . ,.~_<0 m
"'""\_ I _'"Hp,,, .- 5

"zC " °

, qW , " " "' ' ;"bs. """3g'"qjr" 1""~"' I '"&0/ $0L_ """""
O ' ¢'PKIU<H{j"5'"" ,_--"%Jp . "0.X

d O ""?1-_ .»_" ,

O \, 0eu_--"t"":""
_ZZQ~ Q G O . 3,,,";Z,"'7""i"" ° Z : : "

0
b(I)' . , '" " "'t , D -"·. .'g::'% " ° "i

Os . , . , ,Ir:i: ' ° :_ k- ' %'3" ', " " : ,
F

mG) S 0 02 Ly " . b · . ." ) T "" jm ' - " 0 d "
:: "'g' L ' S-'. , " '" "'""' aE:": - · · /?"

.) i T"e %,j P", . " . i$y
,2·;y_ i a , · 0 1 I 0 bi ; ~ " l ' "

""" "a 3,' 3l? 2'3 25 2" ?2 i g:u'm
C"4p w

. A. 11 G LU TL'KL ·Ntjrj; jj:. i-: (2) fez" 'i'.c i?44 dl!

f

' 'a ' f
e r 0 m ' "X 0 ,01" t

", . gs,'
° " ' "", . · "Ol ,' ,

oj

err

or 'P " O
0

SGft °
" :b

Ci' · qS

198? JUN 13 88 TF!ISBE SAD 186977

.

ax"n" p U 0 Q 0 r .
aO .

Q $ D

"O D D C) ' 6 0
D O V

? e' , ef % "? · " y '"
"" ' " ·" " YI . " : " q (y :" "'

b V

, © G) . " "% " · b . D ,
" "© t9 " G: : :" " :e57 D % 4 "

d " » ^ _ b 0
VO cP S© m O "" 0 . ", b

"25 " · 0 G O b · "" 0"

Q 0 G- 0 .^ . _.
'L . p o .a

JC' e 0 t . "3T " 0 €" D O O ,.

D 0° Qj' · ° Qb ,. .

·2¢ - · ., Cl , Q . . · ·' " : ." , .
P· D , (I) · -

D " " " "" _~~""""" (I} , D " - , -
m P

V " O 0 D "
D 0 e K

t23" ' I I I I ·U? · 'V . 0»

2" Tt 58 56 s' 52 j'sc" gemjni - +ot
1%1 SET 28 (ne) LIDIA S/K) 78931 PAw. MAKEY

,, ,"nmn" ,'" ,' i µs m
,., ,!" ?ii"'

.I),,,)')I),'")"'
"'Y-"'·-, ;: --"

SAD 146472 by Beilona 1981 May 21

/ / ' \ \l=,

_'"I,)','/)
R,:.:":·~µTT "" " " ". -.<- ""

6"" " ' ° ' ·: . .

"

P

" . ."'="' Ui -.'. 7
I " I " " 'r

" · i ' 6 1e "'L,mL L" a µ
,- - " .". ,' !-:'p--.il_Z' 75,., ""

-t)"i"',j:.--'.-)--))"-|'|}'

"JJ)LJ))jj'""'"'
. : '=-E=:, I . . "T7'y '"'.· ' " "

·" ' \ 4 i " I p " t -— ° p
.' ,". . . .:.-7 ', ·, 0 f-y' ,·' ,' . " J_ -3"

" '-":i z?g" $',5';':' ,, ":,;" "" "

. .t,!!~2.
" " " i;j: '"":Sz, '

\.jtY,ii '.'?Z',u- -

\ '

b

.

SN¶85 ' " " '"" A( " '"

s'lei
SAD 165440 by Irene 1981 May 22 KMN 29 by Neptune 1981 May 24

,

SAD 163084 by Hesperia 1981 May 26

~

. .. ._ .. .



.

]52

J:

, & ,
, G

"1\ ' "":' _J_
',':.e \(,"t"" :""4' E' , ·'

·;ij, ,, ',' ·7" ' :%:'

? \ I ' i = dr
" X \ ' . , '

SAD ]63352 by Parthenope 81 May 29

:E±... .

, 11,f?"g"j':"u:k
," g"jfLy" :":yE,:"':

,t)jj')'"""z|"g
:""'i; Y >"^1' "?^t·:Jc"'<~7"" "'"-

" 4S-"""
SAD 6]5U9 by Patroclus 1981 Jun 5

~" r ' .

"/

S . 7 "
Ill

_ 1

'!("t':':'·',,'"i'4;' ,S4'1'

.

" , . H : .." : ? .

_"\\ ' '":' +L-E

' - _., :l,S!,'P,
'\ 'A """""",

' 4+ s"k/ T ;4

. ;;1

"'"!'°,'"""1F:j":'i',,"::"""
SAD 159945 by Hestia 1981 May 30

..

<: ." "r 76".r , 'b" : '
.

. Z;—4- '9Yi -;: tm. t X
. ,

" < P : X ' .. '. ... .--
K · , . ~ " g, "· . . .

: ."." .?tL ji ',' .. . , .. .

.. ' " ·' -g ';""" ' . , L. 4
.

. " ' ' r , : ' T' k- · "'- : : ' " : . . ."·?1':' t ,' ' . : i ': . ; - ·

, - '. µ 2' "' 7"-'—· *- ·· : :" "

. "' ' : · . t , , I " :'· 1?'9« ,,.A,? :A ' "'";;;:
" ', ' b · r" " ' : n ~ L;

{L " ' "

' ¶ : ' : .mg- . . . ",/: . . 0. . "r\"' · . .: ' ' "' ' ' ' ' "t>{.-L " , ; · - : ~- . E " ,' ' . r'.' : "
" "" — I, . J g "

"<"' '"P"."::'" " "

SAD 98622 by Ate 1981 jun 7

,,: ""]::!T

:l'="g",':r.!:)

'r =~—'SAD 119207 by Nysa 1981 jun 26

...=TTTm: ·
. ,· , i":7~~ "~—j)':i,)|):"j))'!

"' '=/7=^:,,
X

SAD 120105 by Juno 1981 Jul 15

E-1=i=: .
6 »

5p··'j"' )^

.!

'""'""""\"":\)','"y' '-m.. "' " : ' ' ' "'4

SAD 142674 by Antigone 1981 Jun 5

=" ', =

tm :. '"T N"Zy:, .

'"""?i" ""E'7 !"'-1
t"Zi;:±2:')]:'7""

SAD 786977 by Thisbe 1981 jun ]3

, ' "Y=iFy¥ GK3

? j)/

'"Zn:"\ '-'a.,' ' " ."" ±&9"' '/ ?%3,V^
'- µ _ .

SAD 184440 by Metis 1981 Jun 14

"
k", " ),Tij7 :

' ,7 " 54 ""I, ·" ,,

, 'L-f;
"-·'.,, ',1 Jj]?:!,ig

' · "u-jr- &Ll,o-'· """"

+23° 811 by Lydia 198] Jul 11

--- T
/ d , " R',:,

r!{ ! \

,

' I I" ,, \,

Y" :' \ \'\ I I :,

c;'j"j '·'\, r' " "

' c¢£" it" ,'-'Ems ~_L
" "" ~_^4^- " '" §2 .

"~.
"~

SAD 244226 by Euphrosyne '81 Jul 2

/
/ // t ¢ · » m-b I " SC')1// ll:( g " " '%

b

I , , ;'iv
I $ " I

a
. ..0 P ' ·— r9 '" : i 0 '

\ P m
I ' t

1/ g . ,.,:0' :!":"":',/' ))1""

Sy '""""') Nl µ·.f '

SAD 145972 by Melpomene 1981 Aug 7

t'. ..I,':':'
r



153

*
:X-

,%rz=z---
.':"7" ±7t'H"+'"

'."" l ,;j-"gj \i,j \'

'"""zµLgzg" ~

"04" 2598 by Vesta 198] Aug g

Ljigi'/=^'""7 "a

,i: i i',',
'J.:!±?,7;jµ¶ "

)1)\±)'
'f"ii. ._ "'..
I:!,E,-j ,1- '

SAD 96278 by Eleonora 1981 Aug 9 SAD 58135 by julia 198] Aug 12

_ " E~~" " " "" =uE

- " " Vc i' '/ "' ".;:."·

>F " i ", ". F / '":",-,

'""!'f: ct
')?))j)

-,(:ti)y,
-'":'.","L[,',,:::-::u-'"ju.'.:'i ','i:
-.":"! d -,·g4:ia'·TE:;/d"'

'-"i :"Z_ ' -L- I- .-i .-·--i :"J "' "
'b . -

. r ' .

Nm;;:".-":'"

..~"

SAD ]08373 by Aspasia 1981 Aug 20 SAD 98007 by Lydia 198? Aug 20

,j")'"U
'tj'j ,, jj i'

. _ . , .
SAD 77350 by Panopaea 1981 Aug 26

:
.:

'"1M:,... . " '":'
i')))':"

'""""""·- +z8> "

f

. : ' TF '
H

y

. I '

3 ·

,/ .."uE"' ;'. ·.\ .,i!·)jj]"[':'fr":)-!'"'!

'"J'|"¢]:6',e
I

,jg;j,""
"j1tjI"

E?uL=.:iiz,v
"m—

'" /

SAD 158784 by Aegina 1981 Aug 26 SAD 126]98 by Artemis 1981 Aug 27

~

SAD 164747 by Melpomene 1981 Sep q

"~

W . " 2 " : rj

b';"'"='ti=^
- (')j1j

y49Z4:"'
N26° 761 by Beatrix 1981 Sep 6

;KIKf7" "

-: .
, ·7 ., . ,, ,.,' '· x4r"

,gz'""""':'±
', 'y' S' " / / ,' Et{)':', :0

.I

rX,4l,@

"2]" ]864 by Klymene 1981 Sep T2

, ^=1' "k3F\ ,

4" -'-,?i:y=i" )',' ,ijI -
m ', 1 " j'i,,',:":

'i , ,, , ,¥%smz:,:,, S'

SAD 190936 by Diotima 1981 Sep 79

. .. ,,.....,, , , , ..



Cc Be

154

/ , _EAF_
,

_ .
, " I . NFL-

" /'·'jQ

. .
.

J

+
" \

V \ " \\4 3>.4 ' \

\
X ^N"

'·, G , -
. k

r ' .G ""· " '
,

^

SAD 191415 by Irene 1981 Sep 20

<Y^> "" " _ *
.. .. .

Sf'?lj1^:,,g.,
. 1, , ':,'-'Ii:Z"
' ,1 " "' g

..;ji\O 78931 by Lydia ]981 Sep 28

_,'tii?"-'i1,,,.,
i'7jj "'

' ' '4% " '^"Z¢"
. '1;Cs-,.."'.',.;y"

', "W "' X X ^ , , " .:. k: ;Z

;"' -4· " '

SAD ]40280 by Laetitia 1981 Sep

%

' "" r"->S4 "·7

'""j)'j

'"-'fi- ij¢: ;" ""· :uN' . . '» ·" ·G;·U·' ' ·

. :.« . "<'..= ,: .SAD 144809 by Artemis 1981 Oct 5

"' ~". -A"7E")gl!"":',\
,Ng.,..:4 , "'" "_" """'""' Fi..,

' 1_. !,' '..I;·,,l't' tiC; -'C · 't' 1 '.'i '..,,,, .I': t d" .;, T I ' " }"- -.t I I , J'K
"' ""' ""! ' - 't"-"s' "' ' 'I

' : £ ^ " "' "" " ' " I I » 4

]1?j.,j)g"'
"i"±~jrµ;' " " '

?3 mo 118220 by Iris 1981 Sep 27

'" ""'""N" "t' · , , "\<« , - <">/.
,,, ,, ' I, ,, \ >._g':., ¶

8 % 6

' 6 e 9e
q ^

~

a~i · ^G,r,r

" " ""3;j

mO 87010 by Pallas 1983 May 29

1! 5 29 (2) PALLAS SAD B7U10
PIAMETER 5:38 KM = O:22$

55·0 · j ' "

' U",,i8- ,,, .Ej , , n,
,:=" · ] ,J' " 'i 4' 5¢%

* · -
",7f " " " " e=

'
45.0 "N 30 - (?<,

oX M " 2 j,.: / " " I"

' / , X " " ' 5'4 t.;

L d:4 N * / id 1

%^7 L

* * ~
A * ,E/ _ ,L

_=— — _ ~ Q"T r1 lj · _ ' "a,

: 35.0 —°=- " , ,/' , F_m= ,
~ Y4 ^ °%©\

" 4 ~ "yt 0>\
U p '> M K ~ "¢1,

». 2 ' ' ,:0 =,,_ L _ ""~~
,0" " ' / 4'

.~~
1 " i

I , ,
"e< 6 5"4

25.0 —O: S / \

t
" \ ·~ ~ -%'3 O< -

\\ W

O:'€S 8 : ~ ~ >0

> ,>.

0:'$$

:_~ J'C "\

"

o.b <>

., ,=, , ^ sq,%9 Q; Y4 r,

. 13.0 1 -m" I 1' i 1 1 I I " I b """ b "
125.0 115.(] lW.0 -95.0 -W.CJ -mo -65.(1 -55.0 -SJ.O

LMGITUE

1¶j4,:n" · ] )' '
IE

"N ' /
O"G M " 2 j 7E.r " / "

'

' / n x gb " j

d:4 N * / ,d 1
* *

* 'b
qt

~L

"

r1 lj · _

:,, " , /' , F—=,= , ~
r

" 4 ~
P '> *& M K

' ' r_K


	Possible Satellite of (9) Metis Photographed by Chinese Astronomers
	From the Publisher
	IOTA News
	Grazing Occultations
	Reduction of Grazing Occultations
	Graze of ZC 1611, 1977 May 27
	Rho Sagittarii Graze Reduction, 1976 Nov 25
	Reduction Profile Graze SAO 97580
	Graze Reduction Z.C. 4002, 1978 Dec 26
	Graze Reduction Z.C. 3019, 1979 Apr 20

	Prototype for Portable Occultation Photometer Shown; Other News from A. A .S. Meeting
	Local Circumstances of Asteroidal and Planetary Occultations and Appulses for 1981
	New Double Stars
	Siberia 1981
	Putting USNO "Graze Nearby" Messages to Work
	From the Editor
	Obtaining Coordinates from Maps
	Erroneous Star Positions from Occultations
	Asteroidal Occultation Prediction Updates
	(1) Ceres and SAO 60300, 1981 April 21
	(129) Antigone and S Scuti, 1981 June 5
	(1685) Toro and SAO 11172, 1981 August 7

	Lunar Occultations of Planets
	Recently-Observed Planetary Occultations
	(78) Diana and SAO 75392, 1980 September 4
	(216) Kleopatra and SAO 128066, 1980 October 10
	(134) Sophrosyne and SAO 74963, 1980 November 24
	Neptune and SAO 185377, 1980 November 24
	(739) Mandeville and SAO 7, 1980 December 10
	Jupiter and SAO 138820, 1980 December 11
	(44) Nysa and SAO 129165, 1981 January 8
	(365) Corduba and SAO 111635, 1981 January 26

	More Asteroidal Satellites
	Planetary Occultation Predictions (Continued)

