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This is the first issue of Volume Three. For sub-
scription purposes, it is the third issue of 1982.

o.n.'s price is $1.40/issue, or $5.50/year (4 is-
sues) including first class surface mailing. Back
issues through Vol. 2, No. 13, still are priced at
only $1.00/issue; later issues @ $1.40. Please see
the masthead for the ordering address. Air mail
shipment of o.n. back issues and subscriptions is
45¢/issue ($1.80/year) extra, outside the U.S.A.,
Canada, and Mexico.

IOTA membership, subscription included, is $11.00/
year for residents of North America (including Mexi-
co) and $16.00/year for others, to cover costs of
overseas air mail. European and U. K. observers
should join IOTA/ES, sending [M 20.-- to Hans-j.
Bode, Bartold-knaust Str. 8, 3000 Hannover 91, Ger-
man Federal Republic.

IOTA NEWS

David W. Dunham
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Preparing all of the articles for this issue took
longer than expected, and this, combined with sever-
al other comitments, caused us to miss our deadline
of having this distributed to you by October 31.
Consequently, subscribers in the possible area of
visibility of the occultation of SAD 98369 by (21)
Lutetia were sent finder charts for that event sepa-
rately. This issue contains finder charts for sev-
eral good asteroidal occultation possibilities
starting on p. 18. Some information about astrome-
try for these events is given on p. 4 and some gen-
eral explanatory information is given with the arti-
cle about 1983 events starting on p. 9. General
information about these late 1982 events is given in
the articles in o.n. 2 (13), 178 and (IS), 198,

$ while world and regional maps for some of thanstarted on p. 232 of the last issue.

A While the emphasis of this issue is on asteroidal
' occultatlons, the next issue will concentrate on lu-

nar occultations, especially those during eclipses;
see p. 3. We plan to distribute it about a month

" after this issue, to be in time for the total lunar
eclipse of December 30th, which could be especially
favorable for occultations. That issue also will
contain a preliminary report on occultations ob-
served during the July 6th eclipse; Sky and Tele-
scope mentioned occultations only briefly on p. 392
of their October issue, noting Paul Maley's record

of 73 timings (25 of them reappearances) of occulta-
tions during the eclipse. As far as I know, the on-
ly published prediction that the moon might be dark-
er in the northern half due to volcanic dust ap-
peared on p. 214 of the last issue of o.n. The pre-
diction, described to me by Richard Nolthenius,
turned out to be quite an understatement! Time will
not permit including sections on either new double
stars or grazes in either this issue or the next
one, but I do plan to cover these in the third issue
of this volume, early next year.

On October 23, from 10h 20m to 25m an occultation
of 8.7-mag. SAD 77190 by 10th-mag.'Comet 1982f was
visible from the U.S.A., the path passing from the
southwest to the northeast. The prediction was an-
nounced by Lowell Observatory astronomers at the
A.A.S.'S Division for Planetary Sciences meeting in
Boulder, CO, a few days before the event. Very few
comets have orbits known accurately enough for pre-
dicting occultations, but 1982f is one of them. The
possibility and value of predicting occultations by
comets was discussed at the I.A.U. meeting in Pa-
tras, Greece, in August, and efforts actually to
predict thw began at Lowell only recently. It is
doubtful that anyone would be lucky enough to record
an occultation by the nucleus, which probably would
last less than 0.1 second. The idea is to obtain
photoelectric records from locations close enough to
the central line to record dips in the star's light
by dust in the denser parts of the coma near the nu-
cleus. Such records could be valuable for determin-
ing the amount and distribution of cometary dust
near the nucleus, which could be valuable for space-
craft-targeting strategies. In spite of the fact
that cometary angular velocities are generally con-
siderably larger than those of asteroids, last-min-
ute astrometry could be useful for cometary occulta-
tions, so that observers with portable photoelectric
equiµnent could get close enough to the central line
to record dust absorption of the star's light. I do
not know whether any last-minute astrometry was at-
tempted for the October 23rd event. It is not known
whether visual observation of dimmings due to dust
could be made, but it might be worth a try for oc-
cultations of bright stars.

Hans Bode announces the second European Symposium on
Occultation projects (ESOP II), to be held again at
the University of Hannover's Geodetic Institute in
the German Federal Republic, during 1983 March 19
and 20, from 9h 3N to 17h 30m. "Presentations are
welcome: You have the chance to participate and to
demonstrate or discuss things you are specially in-
terested in." The presentation abstract deadline is
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December 31 and the registration deadline February
15. The registration fee is 10 DM, or 5 DM for stu-
dents. Besides general discussions and reports of
observations, topics will include occultations by
minor planets; coordination for observations of the
solar eclipse in java and of the occultation by Nep-
tune next June; and photomultiplier kits. Registra-
tion forms can be obtained from Hans-j. Bode, ad-
dress in FROM THE PUBLISHER above.

In 1986, the European Space Agency plans to launch
an astrometric satellite called HIPPARCOS. The
spinning spacecraft will be able to measure posi-
tions between stars across the entire sky to an ac-
curacy of nearly O':Oi, and will be able to determine
annual proper motions to similar accuracy during the
mission. This is much better than absolute measure-
ments from ground-based observatories, and comes
close to the inherent precision of the most accurate
occultation observations. HIPPARCOS data could re-
duce significantly the errors of the positions of
stars in the Zodiac, so that dynamical and profile
parameters can be derived to better accuracy from
occultation data. HIPPARCOS requires complex obser-
vational planning, so ESA distributed forms for re-
quests for proposed lists of stars to be observed,
early this year, asking that they be completed and
returned by October 1. At USNO, Tom Van Flandern
and coworkers have prepared a magnetic tape of over
160,000 reduced timings of lunar occultations made
from the 17th century to 1979; most of the recent
timings were supplied by H.M.N.A.O. The tape has
been used for various analyses. I scanned it, and
the XZ star catalog disk file, with a computer pro-

EARLY PLANNING FOR THE OCCULTATION OF 1 VULPECULAE
BY PALLAS ON 1983 MAY 29

David W. Dunham

An occultation of a 4th-magnitude star by one of the
four largest asteroids occurs somewhere from the
earth's surface only about once every 60 years. We
are fortunate that such a once-in-a-lifetime event
is predicted to occur in the southern U.S.A. next
Memorial Day weekend. We hope to mobilize as many
observers as possible in the predicted region of
visibility, in order to define Pa11as' outline in
detail. In addition, we want as many observers as
possible to monitor the star throughout North Ameri-
ca, to make a detailed scan of the area around Pa1-
1as. This should result in confirmed timings of any
secondary occultations by satellites of Pa11as, es-
pecially the large one expected from speckle inter-
ferometer observations.

The usual information about the occultation is given
in the tables on p.10and in the notes on p. 20. A
world map and North American regional map for the
event will be published in a future issue, but these
already have been published in o.n. 2 (ii), 154; a
discussion of predictions based on various star cat-
alogs also is given on p. 146 of that issue. Since
then, astrometric observations have been made by
Klemola at Lick Observatory, of the star and of Pal-
las last February. The Lick observations of Pa11as
are in good agrewent with a recently improved orbit
by G. Sitarski. Edward Bowell, Lowell Observatory,
and I have used these data to compute the path of
the occultation, and we agree that its center will
be very close to the dashed curve marked "SA0(GC)"
at 0!'27 S on the o.n. 2 (ii) map; hence, it goes dv-

gram which produced a tape of star positions in the
format required by the HIPPARCOS project. 15,542
stars were included and ranked according to their
observational history, since HIPPARCOS will not be
able to observe all requested stars to full preci-
sion. In the ranking, higher priority was given to "
stars which have been observed during grazes or pho-

,toelectrica11y, and also to stars observed during
lunar eclipses and otherwise near the ecliptic,
since they have special value for deriving profile "
corrections needed for the most accurate analysis of
total solar eclipse timings for solar radius deter-
mination. A separate file of 474 C-catalog stars
was created for the well-observed 1982 lunar eclipse
field stars, including all stars reported to me so
far whose occultations were timed during the january
9th and july 6th eclipses, and 278 stars brighter
than mag. 10.5 in the December 30th field. The work
was useful since in the proposal, I had to prepare a
general discussion of the value of lunar occultation
observations, which might be useful for other pur-

poses. It will be fairly simple to modify the com-
puter program used to scan the tape of observations
to select only photoelectric observations, and print
them in SAD number order. I had planned to produce
such a photoelectric index several years ago, and
now hope actually to do so early next year. Later,
as soon as the backlog of graze observations is com- --
puterized by ILOC, it will be possible to produce a
similar index for grazes. Gordon Taylor also sent
to the HIPPARCOS project scientists a list of stars
which have been observed during occultations by ma-
jor and minor planets, or by their satellites.

er Bradenton, FL; Houston, TX; and northwestern Mex-
ico. We feel that an uncertainty of a path width
(0!'28) remains, so the path could pass almost en-
tirely south of the U.S.A., or could shift north,
crossing Georgia, Oklahoma, and southern California.
The prediction uncertainty will be reduced to a
small fraction of Pa11as' diameter when the two ob-
jects can be photographed on the same astrographic
plates during the few weeks and days before the
event.

Planning for this rare event can not begin too ear-
ly. Paul Maley already has written a long article
about the event suitable for Sky and Telescope read-
ers, and has obtained permission to have prediction
updates broadcast on klldV during the week before the
occultation. Since anyone with a steadily mounted
pair of binoculars will be able to observe the star,
we hope to enlist the help of many others interested
in science in general, not just amateur and profes-
sional astronomers, with articles in magazines such
as Scientific American, Science News, and Omni.

Since observations throughout North America are po-
tentially useful, we should have coordinators, from
whom more information can be obtained, in as many
metropolitan areas as possible. Among those gener-
ally interested in science, as well as among amateur
astronomers, portable tape recorders are relatively ,
comnon, but WWV receivers and short-wave radios are
relatively rare. Hence, I suggest that some area
coordinators either record, or make arrangements to
have a recording made, of IAAV along with a clear-
channel am standard-broadcast station which covers
the region. This method of providing a readily ac- i
cessible secondary time reference has been used
quite successfully during some lunar grazing occul-
tation expeditions, but needs to be done on a con-
tinental scale for the Pa11as occultation. Perhaps
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some former members of the disbanded Asteroid Inter-
cept Radio Net and other radio hams can be enlisted
to help with this. The aim will be to publish a
list of call letters, frequencies, and cities of am
radio stations which will be calibrated with WWV in'
the popular magazines mentioned above. Those who
make arrangements to record specific stations should
inform me.

Prospective observers should take some care not to
make conflicting plans for the Memorial Day weekend.
If you visit relatives in a distant city, take some
equiµnent with you so that you can record the star's
visibility around the time of closest approach
wherever you are; a mobile capability might be use-
ful to travel some to optimize weather prospects. A
total solar eclipse will occur on the other side of
the world less than 2 weeks after this much rarer
occultation by Pa11as. Most expeditions planned for
the eclipse leave North America after May 29. Two
exceptions are the Bart Bok and jim Gall tours,
which o.n. readers are advised to avoid. A more
serious conflict may be caused by amateur meetings
that weekend. Since the moon will be quite bright
that weekend, the 1983 Texas Starparty will not con-
flict, but will be held closer to new moon in june.
In spite of the moon, the Riverside Telescope Makers
Conference will be held at Big Bear Lake, CA, that
weekend. Steve Edberg suggested that spreading out
observers across southern California the evening of
the occultation be made a part of the meeting agen-
da, but Clifford Holmes thinks this will be imprac-
tical due to the difficulty of travel to and from
Big Bear. In order to observe the occultation by
Pa11as itself, chances are good that southern Cali-
fornians will need to make a rather long trip into
Baja California.

ILOC NEWS

David Id. Dunham

G

A simnary of work performed by the International Lu-
nar Occultation Centre was distributed by them at
the I.A.U. General Assanbly in Patras, Greece, and
is reproduced on p. 4 . Apparently, during the ear-
ly part of this year, ILOC was mainly preoccupied
with completing and making operational computer pro-
grams for producing tables of total occultations and
maps of grazing occultations, which had to be pro-
duced for 1983 in time to meet various publication
deadlines. This was accomplished successfully, so
presumably now they are devoting more effort to the
reduction of the observations they have received,
and we are hopeful that they soon will start dis-
tributing residuals back to the observers. Accord-
ing to their 1982 August Circular, the occultation
subsection of the Lunar Section of the British As-
tronomical Association is considering computing pre-
liminary reductions of their members' observations
themselves. In most cases, the detailed USNO total
occultation predictions are accurate enough that ob-
servers can tell how they are doing, since a large
fraction of observed timings should be within the
listed accuracy, given in seconds, of the predicted
time.

In late july, I sent Dr. Kubo at ILOC a magnetic
tape containing data for five special occultation
catalogs which I have used for predictions; they are
listed below:

USNO Description

C 1982 eclipses, Praesepe, Milky Way;
see p. 222 of the last issue

K Some AGK3 and Yale (non-SAO) stars not in XZ;
predictions for these K stars have been in-
cluded with regular USNO (mainly X) pre-
dictions during the last few years

M 1979 September 6 lunar eclipse field
B 1981 July 17 lunar eclipse field
j Hyades, 1978 eclipses, Milky Way, etc.

Kubo wrote back, saying that they should be able to
use the data, and that observers could include tim-
ings of occultations of these stars on the ILOC to-
tal occultation report forms, using the letters
above (which are the prefixes of the USNO reference
numbers given in the predictions; ILOC did not pre-
viously use these letters) in the catalog code col-
win 16. Consequently, from now on (starting with
all 1982 timings), all timings of these stars should
be reported to ILOC rather than to me. Only for oc-
cultations timed during lunar eclipses should a copy
of the report also be sent to David Herald or to me.
As stated on p. 223 of the last issue, when availa-
ble, ZC (ILOC catalog code R; blank prefix for USNO
ref. no. on regular USNO predictions), SAD, or X
numbers should be given in column 16 of the ILOC
forms, in that order of preference. Otherwise, use
K, C, or j, and the associated USNO ref. number, ob-
tained from the main list, remembering that C or j
may be incorrectly reversed in the chronologica11y
ordered lists following the main lists (in star num-
ber order) of the extended USNO predictions. Do not
report the A.C. ntmbers prefixed with A or B in the
DM number column of the extended USNO predictions.

Roy Bishop, editor of the R.A.S.C. Observer's Hand-
book 1983, has sent me the ILOC computer-produced
lists and maps for total occultations and grazes in
North America, for preparing my 1983 Occultation
Highlights article for Sky and Telescope. At njy
suggestion, some new standard stations have been ad-
ded, and a few others moved to coincide with large
cities, to give better prediction coverage for most
North Americans. However, due to space limitations
in the Observer's Handbook, the total occultation
lists include only stars and planets of mag. 6.0 or
brighter. More extensive total occultation predic-
tions are available from Walter Morgan, as noted in
my Occultation Highlights articles in Sky and Tele-
scope, or from the USNO for active observers. The
graze maps and lists include Z.C. stars to mag. 7.5,
so that their coverage is very similar to that of
the graze maps produced by H.M.N.A.O. for recent
years.

PREDICTIONS OF OCCULTATIONS DURING
THE DECEMBER 30TH TOTAL LUNAR ECLIPSE

David W. Dunham

Detailed U.S. Naval Observatory (USNO) predictions
of total occultations were computed for both the
July 6th and Decmber 30th total lunar eclipse and
distributed to all IOTA members who had reported ac-
curate coordinates to either USNO or to IOTA; see p.
214 and 222 of the last issue. IOTA members should
also now have detailed predictions of grazes of
Z.C., SAD, and AGK3 stars which occur during the Dc-
canber 30th eclipse within their specified travel
distances.
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If you need further predictions of occultations or
grazes during the December 30th eclipse, request
thw from me at P.0. Box 7488, Silver Spring, MD
20907, U.S.A., as soon as possible. It might not be
possible to compute and send you predictions in time
if your request is received after Decanber 10, due
to my holiday travel plans and/or slow mail deliv-
ery, especially to overseas locations, during the°
holidays. A payment will be asked for detailed pre-
dictions in an article atijut the eclipse occulta-
tions in the December issue of Sky and Telescope,
but these predictions are free for IOTA members.
You should request predictions if you were not an
IOTA member in June, or if you need predictions for
another location, perhaps one you will be visiting
during the holidays, or for a site in a predicted
graze path more than a few miles from your regular
prediction station. Be sure to specify coordinates
accurately enough, including height above sea level.
An accuracy of 0:2 of longitude and latitude is suf-
ficient for predictions, but an accuracy of 1" or
less is required for reporting observations. In
your USNO total occultation predictions, you may see
a "graze nearby" message for a graze which you would
like to try to observe, but for which you do not
have detailed predictions. If so, send me the
star's Z.C., X, or C number, the approximate U.T.,
whether the graze is a northern or southern limit,
the range of longitudes you want covered, and the
aperture of the largest telescope which might be in
the expedition. In addition to the detailed graze
prediction and profile, I will send a set of USNO
total occultation predictions computed for a point
in the predicted limit closest to your station, or
at a specific longitude which you request.

Of particular interest during this eclipse will be
8.7-mag. SAD 78505, since grazes at both the north-
ern and southern limits might be observed, permit-
ting an improved determination of the moon's polar
diameter, which in turn is needed for calibrating
measurements of the sun's diameter from contact and
bead timings made near the edges of total solar
eclipse paths. The northern limit will pass near
Sept-lies, Quebec, while the southern limit crosses
the northern suburbs of Mexico City and south of
Mazatlan, Mexico. Observers in both locations are
needed; Paul Maley probably will lead an expedition
near Mazatlan. A less favorable opportunity to
measure the polar diameter involves a 10th-mag. star
whose southern limit crosses the island of Hawaii,
and whose northern limit lies near the southern lim-
it for the occultation of 7.6-mag. SAD 78561 shown
on my map on p. 103 of the 1982 jan. issue of Sky
and Telescope. In fact, these two lines intersect
at Interstate 84 north of Baker, Oregon, to which
Richard Linkletter is planning an expedition.

The star field map for the eclipse to be published
in the December issue of Sky and Telescope will be
similar to that for the july 6th eclipse which ap-
peared on p. 604 of the June issue of that magazine,
referred to the equinox of 1950. More details about
occultations during the eclipse will be given in an
issue of o.n. which probably will be distributed at
the end of November. I plan to change the detailed
maps of the eclipse field to be published in that
issue, from the style that has appeared in o.n. for
previous eclipses. The format of the map will be
similar to that used for the detailed Astrographic
Catalog computer-generated plots for occultations by
Pluto and by (2060) Chiron and some other asteroids

published in some previous issues. The scale will
be expanded, so that only the field for North Ameri-
can observers will be shown on one page. Separate
charts at the same scale will be prepared and dis-
tributed to other observers in eastern Asia and in
Australia and New Zealand. I plan to include a dia-
gram of the moon showing the major maria and craters
at the same scale. The chart will be referred to
the equinox of date so that stars in the detailed
USNO predictions can be located from their apparent
R.A. and Decl. given there. If you need to locate
an object using 1950 coordinates, you can use the
chart to appear in Sky and Telescope, and use the
stars to refer back to the o.n. chart.

PRESENT STATUS OF
INTERNATIONAL LUNAR OCCULTATION CENTER

Hydrographic Department
Tokyo, Japan

On 1981 January 1, Hydrographic Department of Japan
(JHD) took over the services of international center
for the receipt and processing of timings of lunar
occultations from H. M. Nautical Almanac Office.

Since then, JHD
(I) set up "International Lunar Occultation Center"

in the Astronomical Division,
(2) accepted 17866 timing data in total (11362 in

1981 and 6504 in 1982) as of 1982 July 31,
(3) checked and corrected these data and converted

some of them into machine-readable form,
(4) computed the predictions of total and grazing

occultations and sent to some institutions and
groups, and

(S) edited a pamphlet "Guide to Lunar Occultation
Observations" and distributed it to all the ob-
servers.

The processing of the data is now (]982 August) in
progress and the results will be obtained soon.

RECENT ASTEROIDAL OCCULTATION ATTEMPTS,
AND UPDATES FOR UPCOMING EVENTS

David Id. Dunham

When you receive this, there will be frantic activi-
ty to obtain last-minute astrometry for, to predict
final path predictions of, and to organize observa-
tions of, no less than four occultations of stars by
asteroids, which are likely to be visible from North
America during the third and fourth weeks of Novem-
ber. We hope that we will have more success with
some of them than with attempts to observe three
other events during the past month, which are de-
scribed below along with preliminary plans for the
upcoming events. Results of other asteroidal occul-
tation attempts during 1981 and early 1982, essen-
tially a continuation of my article in o.n. 2 (IS),
200, will be published in a future issue.

(56) Melete and SAD 139812, 1982 july 7: Gordon
Taylor exposed plates at the Royal Greenwich Obser-
vatory in late May, when Melete passed close to the
star. Using these data, he computed a prediction
very close to njy nominal prediction, ending just be-
fore sunrise near latitude +15° off the west coast
of Mexico. Everhart also photographed Melete, and
plates were exposed at Lowell Observatory and else-
where, but the work of finally measuring and reduc-

4
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ing these plates, and computin a final prediction,was not done before the event jand still has not

been accomplished) due to other pressing work (the
July 6th lunar eclipse for me) and the unfavorable
location of Taylor's path. However, this work was
unknown to Rachan Gregg, who observed at Escondido,
CA, at longitude 117° 04' 06" Id., latitude +33° 04'
48", height 147.4 meters, having seen the finder
chart and note about the occultation in the Celes-
tial Calendar section of the July issue of Sky and
Telescope. Gregg wrote, "I believe I observed the
occultation," noting that it started at 7h 35m 3258
UTC and lasted 23.3 seconds. The duration gives a
chord length of 195 km, 37% larger than Melete's ex-
pected diameter. Unfortunately, I have heard of no
other observations to confirm, or not confirm, this
observation, which was made at a shift value of 0':87
north on my regional map on p. 210 of the last is-
sue, and a similar amount north of Taylor's late May
prediction. Peter Manly noted that clouds prevented
observation from Arizona.

(57) Mnemosyne and SAD 127592, August 29: Bill Pen-
hallow obtained plates at Quonochontaug, RI, on Aug.
27. He telephoned the coordinates determined from
these plates to Robert McCutcheon, who used my com-
puter program to calculate the path shift while I
was in Greece. The result was a shift of 1!'5 south
±!'3, near the AGK3 path crossing northern South
America shown in o.n. 2 (IS), 212.

(52) Europa and SAD 96932, September IS: K1emola
obtained plates at Lick Observatory on Sept. 8 which
resulted in an accurate predicted path of 0!'25 north
±!'05, crossing central British Columbia and northern
Alberta; see the map on p. 229 of the last issue.
Some observers in Washington and on Vancouver Island
saw no occultation, as expected since they were all
south of Klemola's path. Andrew Lowe planned to
travel far north of Edmonton, and organize other ob-
servers from that city to straddle the predicted
path. Unfortunately, a small weather front moved
into the area a few hours before the event, produc-
ing overcast skies throughout Alberta, although it
was very clear the preceding and following mornings.

(19) Fortuna and SAD 92517, September 17: Lick
plates were obtained on Aug. 24, when Fortuna passed
close to the star, and again on Sept. 8 and 12. Ad-
ditional plates were taken with the 155-cm USNO tel-
escope at Flagstaff, AZ, during the two nights be-
fore the occultation; positions of faint secondary
reference stars from the Lick plates were used to
reduce the small-field USNO plates. The final pre-
diction from all this astrometry was a shift from my
nominal path of 0!'23 N ±!'07, with a correction to
the time of 1.3 min. early; see map on p. 230 of the
last issue. The prediction apparently was accurate
to a few hundredths of a second, since Harold Reit-
sema visually timed a R-second occultation starting
at 3h 15m 57S U.T. using the University of Colo-
rado's 46-cm reflector, indicating that he was very
close to the southern limit, as expected; the time
also agreed well with the final prediction. He not-
ed that imersion was sharp and emersion gradual,
which can be caused by different local slopes on
Fortuna and the nearly grazing geometry. Haze, low
altitude, and lightning from distant thunderstorms
prevented photoelectric observation. Normally,
clear skies prevail in the upper Midwest in Septm-
ber, but the same weather front which clouded out
Europa two nights earlier moved southeastward so

that it almost exactly covered the Fortuna occulta-
tion path, also. Consequently, Reitsema is the only
known observer of the event, and many others, in-
cluding the three portable photoelectric stations
from Lowell Observatory, were all clouded out. Out-
side the path, Tony Murray used an ll-cm reflector
to time a 37-second secondary occultation starting
at about 3h 24" qqs. This was preceded (by about 15
sec.) by another untimed occultation of perhaps 10
sec. duration, which in turn was imediately preced-
ed by some flickering. Unfortunately, I do not know
of any others observing close enough to his path of
1!'05 S to confirm or deny his report. As far as I
know, I was the closest, at 0!'83 S, where, observing
with a 20-cm telescope, I am sure that there were no
occultations of more than a few tenths of a second
during the corresponding times, or any time from 3
minutes before to 15 minutes after the nominal clos-
est approach. My finder chart for the star shows an
8th-mag. star just east of SAD 92517. Unfortunate-
ly, the 8th-mag. star is not in the SAD catalog, and
therefore is not shown on either the sad Atlas or
Atlas Eclipticalis, upon which the chart in the
Septanber Sky and Telescope was based.

(481) Emita and SAD 110631, October 7: Lick plates
taken on Aug. 24, when Emita passed close to the
star before its retrograde loop, showed a large cor-
rection to the ephemeris, resulting in a path 1!'8 S
(crossing Iberia, Bermuda, northern Florida, and
southern Texas), and 14 min. early. I sent a notice
giving this result to dozens of observers near the
predicted path. Klemola provided positions of sec-
ondary reference stars, which were used to reduce
USNO-Flagstaff plates taken on Oct. 4 to provide a
very accurate final prediction. It is a tribute to
the astrometric quality of the 155-cm USNO telescope
that this was possible for a 13th-magnitude asteroid
which was only 12° from a 99% sunlit moon at the
time. The path computed from this data was 2!'74 S
±!'06 (crossing southern Mexico, over Oaxaca; the
Cayman Islands; eastern Cuba; and northern Africa),
and 16.5 min. early. Astrometry by Taylor on Oct. i
confirmed the large additional south shift, although
his path was over a diameter north of the USNO path.
We thought that the Lick results from Aug. 24 would
be better than they were, but in this case, the cor-
rection to Emita's ephemeris was very large. From
late Aug. to early Oct., Emita's distance from the
earth had decreased substantially, and my calcula-
tions showed that the ephemeris corrections in R.A.
and Dec1. had grown in inverse proportion to the
distance, which would be the case for a linear error
in Emita's orbit. This probably will be the case
generally when large ephweris corrections are found
when the asteroid passes close to the star some
months before an occultation. For Emita, observers
in Mexico City were notified, and they planned to
contact observers in Oaxaca and possibly travel
there to observe the event, if the weather was fa-
vorable. Skies were overcast throughout the south-
central and eastern U.S.A., and apparently in south-
ern Mexico as well; no observations have been re-
ported.

(21) Lutetia and SAD 98369, October 31: Penha11ow
and Klemola plan astrometry for this event, but
since this issue will not reach readers until after-
wards, potential observers in the western U.S.A.
will be contacted by phone in case of a north shift.
A finder chart will be distributed separately to
readers in the possible area of visibility.
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(690) Wratislavia and B.D. +24" 522, November 14:
Lick plates taken on Aug. 24, when Wratislavia
passed near the star, indicate a 0':72 N shift (in-
ternally consistent to £'04) with an insignificant
correction to the time of 0.6 ±.6 minutes early.
Although the ephemeris corrections are relatively
small, if they grow inversely with the distance (as
was the case for Emita on Oct. 7 discussed above),
the shift will become 1!'0 N. Until the objects get
close enough to photograph again on the same plate,
we are estimating that the path will be at 0:'9 N
±!'2. This path crosses the Gaspe Peninsula, Winni-
peg, northwestern Montana, and the Washington-Oregon
border area; see the map on p. 231 of the last is-
sue. Since the event occurs on a Sunday morning,
observers even several hundred kilometers from the
path could drive to it during the weekend, and
weather and astrometry permitting, I am planning an
expedition to Quebec to time the occultation from
different locations across the finally predicted
path.

(93) Minerva and SAD 76017, November 22: Penha11ow
has obtained separate plates of the star and aster-
oid, which will decrease the considerable positional
error present for both. The path predicted from
these observations is 1!'77 S ±?4, which can be plot-
ted on the map on p. 233 of the last issue; the cor-
rection to the time is 1.7 ±.8 min. early. Accurate
last-minute astrometry is planned for this, as well
as the other November, asteroidal occultations.
These updates can be obtained by calling Astro-alert
in Chicago, IL, at 312, 259-2376, as is the case for
any astrometrica]1y improved asteroidal occultation
prediction for North America. This occultation also
probably will be visible from Europe; observers
there can obtain updates from Gordon Taylor at the
Royal Greenwich Observatory at 323, 833171.

(481) Emita and SAD 110157, 1982 December 21: If
the large ephemeris correction for Emita remains
linear, as it did from Aug. 24 to Oct. 4, the shift
for this occultation, not including any correction
to the star's position, will be 3!'3 west (path over
the Aleutian Islands and near Midway) with the time
11 min. late. An astrometric check on both objects
early in December would be useful to see if the un-
favorable large west shift remains, in which case,
further observational efforts will not be needed.
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LUNAR OCCULTATIONS OF PLANETS

The maps showing the regions of visibility of lunar
occultations of planets are reprinted by permission,
from the japanese Ephemeris for 1983, published by
the Hydrographic Department of the Maritime Safety
Agency of Japan. In region 1, only the reappearance
is visible; in region 3, only disappearance may be
seen. Reappearance occurs at sunset along a dashed
curve, while disappearance is at sunrise along a
curve of alternating dots and dashes. We have added
a legend to each map indicating the phase of the
moon at the time of the event.

Observers interested in observing partial occulta-
tions ordinarily are expected to request predictions
at least three months in advance (there is not that
much time available before the first three events
shown here) from joseph Senne; P.0. Box 643; Ro11a,
MO 65401; U.S.A.; telephone 314, 364-6233. Perhaps
the situation will have been eased for the early
events by others already having entered requests.
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PLANETARY OCCULTATIONS DURING 1983

David Id. Dunham

Predictions of occu1t,ations of stars by major and
minor planets during ]983 are given in two tables
below. Reports of observations of these events
should be sent to me at P.0. Box 7488, Silver
Spring, Maryland 20907, U.S.A. (telephone 301, 585-
0989), with (if possible; indicate on the form to
whom copies are sent) a copy to Gordon Taylor, H. M.
Nautical Almanac Office, Royal Greenwich Observa-
tory, Herstmonceux Castle, Hailsham, Sussex BN271RP,
England. Preferably, the report forms of the Inter-
national Lunar Occultation Centre (ILOC), or the
equivalent IOTA/ILOC graze report forms, should be
used for reporting timed occultations or appulses
(we want to know if you observed, and saw nothing,
but do not need a report if weather prevented ef-
fective observation). The only difference from re-
porting lunar events is that the name of the occult-
ing body should be written prominently at the top of
the form, and the report should not be sent to the
ILOC in Japan. Copies of the report forms can be
obtained either from the ILOC; from IOTA, address
given in o.n. masthead; or from me. Your request
will be acted upon more quickly if you send either
IOTA or me a S.A.S.E.

The stellar and ephemeris data for the events listed
in the tables below are discussed following the
sources for the occultations and the table explana-
tions; this is followed in turn by explanations of
finder charts, and regional and world maps appearing
in o.n., and then information about local circum-
stances available from IOTA. Finally, some general
observational rmarks, information about prediction
updates, and specific information about some of the
events are given.

Sources of Planetary Oc'cultations. MOSt of the
events listed in the tables below were found by Gor-
don Taylor at the Royal Greenwich Observatory and
published in his Bulletin 27 of the Working Group on
Predictions of Occultations by Satellites and Minor
Planets of Comission 20 (Positions and Motions of
Minor Planets, Comets, and Satellites) of the Inter-
national Astronomical Union (I.A.U.). The occulta-
tions by (I) Ceres, (2) Pa11as, and (IQ) Hygiea were
first published by Taylor in his article, "Occulta-
tions of Stars by the Four Largest Minor Planets,
1981-1989," in Astron. j. 86 (6), 903-905, 1981, ex-
cept for the remarkable occultation of 1 Vulpeculae
by Pa11as on May 29, which was first pointed out to
me by Larry Wasserman, Lowell Observatory, in 1979
and first published in o.n. 2 (7), 64-65. The oc-
cultations on jan. 19 (Elpis); Feb. 3, 5, 19, 21,
and 28; Mar. 11; Apr. 7; May 3, 9, and 24; june 10
and 28; July 4, 13, and 23 (Eugenia and Eunike);
Aug. 1, 5, 6 (Eugenia), 7, 15, and 21; Sept. 1 and
11; Oct. 5 and 20; Nov. 20; and Dec. 30 (Vesta) were
first published by Wasserman et al. in "Occultations
of Stars by Solar System objects. ii. Occultations
of Catalog Stars by Asteroids in 1982 and 1983," As-
tron. j. 86 (12), 1974-1979, in 1981. The occulta-
tions by Uranus and by Neptune were found by Arnold
KWiola, Doug Mink, and jim Elliot by scanning Lick
Observatory plates, and were published in an arti-
cle, "Predicted Occultations by Uranus: 1981-1984,"
and in a similar article for Neptune, in Astron. j.
86, p. 135-40, 1981. The occultation by Uranus'
satellite Umbriel on Mar. 25 was found by Mink and

has been suMiitted, along with a list of other pos-
sible occultations of 14th and 15th-magnitude stars
by the satellites of Uranus and Neptune, for publi-
cation in Astron. j. However, all of the informa-
tion below is based on my own calculations, which
sometimes differ slightly from the calculations by
the others, when I use different (in my opinion, the
best currently available) star positions or ephemer-
ides.

Additional events for 1983 will be published in fu-
ture issues as they become available. Probably near
the beginning of the year, we can expect a list of
new events from Andrew Lowe, mainly for asteroids
slightly larger than 100 km probably not considered
by Taylor. During the past two years, Lowe has sup-
plied lists of additional events; see, for example,
o.n. 2 (IS), 198. At the I.A.U. General Assembly in
August, Lowell Observatory astronomers announced
that they have found a large number of possible oc-
cultations of uncataloged stars by scanning photo-
graphic plates along the predicted paths for seven
large main-belt asteroids: (I) Ceres, (ID) Hygiea,
(451) Patientia, (704) Interamnia, (511) Davida,
(65) Cybele, and (52) Europa. Results for 1983 were
presented at the American Astronomical Society's Di-
vision for Planetary Sciences meeting in Boulder,
CO, in October, accordin to Mi11is et al., Bull.Amer. Astron. Soc. 14 (3?, 729.

:;"i:j::$?:|"fia"':"r!'"tg:"tg't"5",'q'a'?¢a1'!:c:;:?!'
tion (apparent closest approach to the center of the
object) and are given in increasing order. If the
occultation shadow will sweep across land areas dur-
ing nighttime within four minutes, only one (middle)
time is given. Under PLANET, mv is the visual mag-
nitude (usually, photoelectric V-mag.), and a is the
geocentric distance in astronomical units. Under
STAR, mv is the visual magnitude (converted to a
photoelectric V-mag. scale using data from the SKY-
MAP Catalog described in o.n. i (16), 161) and Sp is
the spectral type; the approximate equinox 1950 po-
sition also is given. Under OCCULTATION, Am is the
change in visual magnitude of the coalesced images
which is expected if an occu1tation does occur, Dur
is the duration for a central occultation computCd"
using the expected diameter of the occulting object,
df is a measure of the diffraction effects for a
central occultation (it is the time in milliseconds
between fringes for an airless planet; depending on
the brightness of the star, a visual observer can
notice a gradual fade or brightening of the star for
2 or 3 times ,d.f,, which also can be magnified greatly
by a nearly grhing geometry), and P is the inverse
of the probability that an occultation will occur at
a given place in the possible area, assuming a com-
bined ste11ar-ephweris positional error of 1'.'0
(that is, P is essentially the ratio of the width of
the possibTe area of visibility to the expected
width of the occultation path). The combined posi-
tional error can be reduced considerably with astro-
metric observations, and the width of the possible
area narrowed to reduce P substantially, which can be
accomplished best when the planet and star can be
photographed on the same plate, perhaps only 2 or 3
days before the event. Under Possible Area, the re-
.gions from which the events may occur with the sun
below the horizon (unless the star is bright enough
to possibly see in daylight) are listed in the
chronological order in which the occultation shadow
will sweep over than. A "?" indicates that an qc-
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12whether the moon is up, or not, respectively, in the entire possible area if it is not crossed by the moon-

rise or moonset terminator. The source for the occulting body's ephemeris is given in

Table I, Part B. the last column.
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Q

tensen (University of Aarhus, Denmark) supplied
ephemerides for (SI) Nmusa.

One of the most important columns in the table is
Am, since it specifies the observability of the
event. A value much less than 1.0 in general means

Table 2, Part B.

that the event can be reliably observed only photo-
electrically; during the occultation by (3) Juno in
1979 Dec. 11, a dm of 0.4 was timed visually, but
photoelectric data showed that the reaction times
were 1 second or more. For the occultations by Ura-
nus and Neptune, the Am is for the photoelectric in-
frared I-magnitude, to take advantage of the plan-
et's methane absorption bands in the infrared; the
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Am is much smal-
ler, usually unob-
servable, at visu-
al wavelengths.
For occultations
by these planets,
only an occulta-
tion by possible
rings, and not by
the planet itself,
is possIble if the
name is followed
by "-R."

Explanation o,f, Er
ta in the Second
Gbie."Thedate,
occulting object's
name, and the
star's SAD number
are repeated for
identification.
The minor planet's
number, the ex-
pected diameter in
km, and the appar-
ent angular diame-
ter in arc sec-
onds, are given.
Under RSOI, "Radi-
us of Sphere of
Influence," the
distance in km
from the object is
given where the
gravitational at-
traction of the
object is equal to
that of the sun,
assuming (pessi-
mistically) that
the mean density
of the asteroid is
twice that of the
sun. Satellites
are possible for
much greater dis-
tances, since ti-
dal or differen-
tial forces deter-
mine satellite
capture; according
to the theory of
three-body motion,
these forces are
proportional to
the cube of the
ratio of the dis-
tances, not the
square. Very few
secondary occu1ta-
tions actually
have been seen at
distances greater
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than RSOI. The cube ratio usually gives a distance
about 100 times the asteroid's diameter, which is
usually larger than the earth's diameter. After
RSOI, the taxonomic TYPE is given for asteroids, as
specified in the Tucson Revised Index of Asteroid
Data (TRIAD) as published in ages 783-806 of thebook Asteroids (see O.N. 2 (9\, 104) and recently

updated by Tedesco. The types are determined mainly
from observations of albedo (reflectance) and spec-
tral characteristics (color), and are named from me-
teorites with similar properties. Hence, specific
mineralogies are implied, which may not be complete-
ly correct. However, most asteroids of a given type
probably do have similar compositions. The nine
types are described below:

C low albedo, carbonaceous
S moderate albedo, silicate
D low albedo, dark
F low albedo, flat spectrum
M moderate albedo, metallic
P pseudo-it low albedo, spectra like M
E high albedo, enstatite achondrites
R moderate to high albedo, red (iron silicates)
U unclassifiable in the other categories above

Composite types, such as "CMEU," only mean that the
observations exclude the other types, but in such
cases, "M" really means "M or P," and some asteroids
currently classified M may be P. The first value
under MOTION is the geocentric angular velocity of
the occulting object in degrees/day. Multiply the
listed numbers by 2.5 to obtain the angular rate in
seconds of arc per minute, which is useful for esti-
mating when the asteroid's and the star's images
will merge, and how long it will be before they can
be separated again. Noma11y, a separation of two
or more seconds of arc will be needed to resolve the
objects clearly. The position angle of the occult-
ing object's motion is given under ,P,A..

The star's B.D. or C.D. number is given under the.DM.
NO. column. For declination zones north of -22°,
the number is a B.D. number, while to the south, it
is C.D. The -22" zone can be either, although the
B.D. number is then usually used. C.D. numbers in
the -22" zone are about twice as large as the corre-
sponding B.D. number for the same star, or for stars
with similar right ascensions. The star's double
star code is given under D. If separate predictions
are given for the two com®nents, "A" and "B" are
used, "A" indicating the brighter component. Other-
wise, the code is the same as that used for lunar
occultation predictions as described in "Notice to
Observers" dated 30 September 1976 distributed by
the U. S. Naval Observatory. More information about
this code is given in o.n. 2 (I), 3, and will be re-
peated in the first "New Double Stars" article in
this volume.

The star's angular diameter is expressed in four ways:
In milliseconds of arc (o:'ooik in meters subtended
at the occulting object's geocentrie distance; the
geometric (ignoring diffraction) TIME in millisec-
onds for the occulting object's limb to cover the
star's disk in case of a central occultation, and in
terms of diffraction fringe separation (.d.f.). For
values of df from 0.1 to 3, the diffraction pattern
will be modified enough that the stellar diameter
could be computed from an analysis of a good-quality
high-speed photoelectric record. If.d.f. is less than
D.], the diffraction pattern will be modified so

slightly by the star's diameter that a determination
likely will not be possible with even a good-quality
record. For values of df,greater than 3, the fade
will be entirely due to triC star's diameter, and
diffraction will not be evident, which means that
the local slope on the occulting object can not be
determined unless very accurate times are obtained
at two stations separated by approximately the
star's diameter in meters as subtended at the oc-
culting object's geocentric distance, in a direction
perpendicular to the motion of the occultation shad-
ow on the ground. The stellar an ular diameter iscomputed from the Warner formula ?given in Mon. Not.

Royal Astron. Soc. 158, IP, 1972) using B and V mag-
nitudes for the stars from SKYMAP. For stars not in
SKYMAP, the catalog photovisua1 magnitudes have been
assumed equal to V-mags., while B-V values have been
inferred from the spectral types. If the latter are
not available, the star's angular diameter can not
be estimated, and the columns are left blank.

The source used for the star's position and proper
motion is given under S, according to the following
codes: A, AGK3; F, FK4j G, Albany General Catalog
(G.C., via SAD; positional data old and usually very
poor; G.C. data are used in the SAD for most stars
of 6th and 7th mag.); H, positions of faint stars
derived by A. Klemola from astrographic plates taken
at Lick Observatory, Mt. Hamilton, CA; L, positions
determined from plates taken at Lowell Observatory;
P, Perth 70; R, positions determined from plates
taken at the Royal Greenwich Observatory; S, SAD; X,
USNO XZ-catalog for stars within 6° 40' of the
ecliptic, the limit for earth-based lunar occulta-
tions (with some exceptions; see o.n. 2 (6), 60;
stars with code X south of declination -3° use SAD
data, but are indicated here for possible double
star codes derived from lunar occultations or spec-
troscopy); Y, Yale (for stars south of dec1. -3°,
Yale data are better than Z.C. or G.C.; Wayne War-
ren, Greenbelt, MD, provided these data); and Z, Zo-
diacal Catalog (Z.C.; but positional data improved
with other catalog data for stars north of declina-
tion -4°; the Z.C. is a subset of the brighter stars
of the XZ, but with some positional information in-
dependent of SAD for the southern stars). The fol-
lowing codes are not in the current list, but may be
used in the future: C, Carte du Ciel (Astrographic
Catalog); K, USNO K-catalog (Yale stars with no
proper motions available); N, N30; and 3, FK3 or
AGK3R. If there are two letters under S, the second
one is the position and proper motion source for the
comparison shift data following the AGK3 number.
AGK3 positions are often better than SAQ positions,
but are generally inferior to XZ and Perth 70 posi-
tions. The path shift, in the (occultation path)
sense, second catalog minus first catalog, is given
under Shift, which is expressed in seconds of arc,
to the north if positive and to the south if nega-
tive. For instance, -1.00 would mean that the path
would be at the southern edge of the possible area
described in the first table, according to the sec-
ond star catalog. The value in minutes to be added
to the U.T. is given under Time. The last two col-
umns give the star's apparent R.A. and Dec. computed
for the time of geocentric conjunction, for direct
use with setting circles. See o.n. 2 (ID), 120 for
the 1981 positions of 21 bright stars, which will be
accurate enough to use with the 1983 positions in
the Second Table.

Ephemerides. About half of the asteroidal ephemeri-

G
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des I use are computed from osculating orbital ele-
ments computed by Herget, as mentioned above. Since
osculating orbital elements now are published to
full precision by I.T.A. in their annual Ephemerides
of Minor Planets, it is possible to compute ephwer-
ides using their data and compare them with Herget's
ephemeris data at the times of predicted occulta-
tions and at the times of astrometric observations
published in the M.P.C.'S. The latter comparisons
show that, when the ephemeris differences are sig-
nificant, the Herget elements usually are the bet-
ter, giving smaller observational residuals, but
since many of Herget's elements are now over five
years old, some of the new orbits computed by I.T.A.
utilize more recent observations and are better than
Herget's data. Examples include (334) Chicago and
(712) Boliviana, although the observational differ-
ences are small in these cases. The orbital ele-
ments given by Herget in the 1981 August M.P.C.'S
have been adopted by the I.T.A. and used in EMP for
1983. The differences in the occultation predic-
tions, where I have ephemerides computed from two
different sources, are given in Table 3. The value

in the shift
Table 3. column gives the

. . path differencesEphemeris Differences for 1983 in arc seconds

EPHEM. measured perpen-
Date MP# Shift At SOURCE dicular to the

asteroid's geo-
jan 19 59 1!'295 -ii!!h emp 1979 centric motion;
Feb 5 45 0.08N 0.8 EMP 1982 the letter fol-
Feb 14 1]4 0.745 -1.1 EMP 1982 lowing it tells
Feb 21 59 1.195 -4.6 EMP 1979 which direction
Mar 2 426 3.96W 3.7 EMP 1981 the occultation
Mar 6 92 0.245 -0.8 EMP 1975 path will be
Mar 7 536 0.60N -18.6 EMP 1982 displaced on the
Mar 8 334 0.505 -9.6 HERGET78 earth's surface
Mar 17 1172 0.135 3.1 ITAB 148 from the nominal
Mar 29 747 0.06N 0.7 EMP 1982 prediction given
Apr 4 804 6.805 -0.1 EMP 1982 in the first ta-
Apr 7 532 0.245 -0.8 EMP 1981 ble. The value
Apr 12 164 0.60N 4.2 EMP 1981 in the At column
Apr 21 71 0.525 -0.4 EMP 1982 tells whether
Apr 28 83 0.32N -3.3 EMP 1980 the geocentric
May 6 71 0.475 -0.2 EMP 1982 time of closest
May 24 18 0.125 1.5 EMP ]980 approach will be
jun 15 83 0.505 2.1 EMP 1980 early (negative)
jul 13 356 0.025 -1.4 EMP 1977 or late (posi-
jul 23 45 0.59N -3.0 EMP 1982 tive) in minutes
jul 23 185 Q.25S 0.5 EMP 1982 relative to the
Aug 3 40 1.25 9.3 EMP 1975 nominal predic-
Aug 5 747 0.47N -1.5 EMP 1982 tion. The
Aug 6 45 0.76N -3.5 EMP 1982 EPHEMeris SOURCE
Aug 13 712 1.795 -4.1 HERGET78 is given in the
Aug 21 372 0.975 0.3 EMP 1982 last column; the
Sep 11 51 1.155 3.3 EMP 1981 shifts are in
Sep 14 259 3.31N 21.9 EMP 1982 the same sense
Oct 5 372 0.845 -1.4 EMP 1982 of the source
Oct 9 36 0.45N 0.6 EMP 1980 specified in
Oct 14 55 0.275 0.6 EMP 1981 this column mi-
Oct 23 804 2.875 3.2 EMP 1982 nus th"e nominal
Nov 12 52 0.115 0.0 EMP 1975 source listed in
Nov 19 532 0.00N -0.3 EMP 1981 the first table.
Nov 20 313 0.065 1.2 ITA 1977 Many of the dif-
Dec 25 140 0.115 -1.5 EMP 1982 ferences are

quite small so
that comparison with even relatively recent
observations in the M,P.C.'S yield only in-
significant differences in the residuals. In these
cases, my predictions usually agree well with those
by Taylor and Wasserman et al., except sometimes

when different stellar data are used; they usually
use AGK3 data, while I use data from other catalogs,
when available. Recent M.P.C. observations clearly
favor my nominal ephemerides for (259) Aletheia and
(804) Hispania. This is also the case for (216)
Kleopatra, (247) Eukrate, and (776) Berbericia.
Taylor predicts occultations by these last three as-
teroids on April 17, Sept. 8, and Dec. 28, respec-
tively, but the Herget ephemerides, which agree with
modern observations, show that the occultations def-
initely will not be visible from the earth. The or-
bital elements for (776) Berbericia given in EMP
1982 are in good agreement with Herget's elements
only in late 1983, both showing that no occultation
will occur on Dec. 28, the geocentric separation ex-
ceeding 12". However, both Taylor and Wasserman et
al. used elements from EMP 1980 and found the occul-
tation; I confirm their calculations if I use the
EMP 1980 elements. The I.T.A. failed to mention in
either EMP 1981 or EMP 1982 that they had changed
the elements for Berbericia, although the EMP 1980
and EMP 1982 elements give very different residuals
for observations made in 1977, 1980, and 1981 pub-
lished in the M.P.C.'S. Curiously, those residuals
are considerably smaller for the EMP 1980 elements
than for the ones in EMP 1982. I find that occulta-
tions of 9th-mag. southern SAD stars predicted by
Taylor for(117) Lomia on Apr. 28 and by Wasserman
for (120) Lachesis on May 18 will be visible from
Antarctica at best, so I have omitted them, also.
With the exception of the occultation on April 4, I
find that the occultations by (804) Hispania pre-
dicted by Wasserman et al. will not occur. Since I
find this to be the case with all available orbital
elements of (804), an error in entering the orbital
elements at Lowell probably was made. They conse-
quently missed discovering the occultation of 1.9-
mag. e Sagittarii on Oct. 23.

Herget's ephemeris indicates that the occultation by
(426) Hippo on March 6 will miss the earth's surface
to the east, but the event occurs near a stationary
point in R.A., and the differences from the EMP or-
bit are not significant at other points on the or-
bit. Since astrometric observations for most of
these relatively high-numbered asteroids are made
near opposition and not near the stationary points,
recent observations published in the M.P.C.'S can
not yet distinguish which is the better orbit. As-
trometry of (426) in early 1983 can establish whether
an occultation will in fact occur. In general, as-
trometry of asteroids considered for occultations is
needed near the stationary points as well as near
opposition. I suggested this for guidelines for as-
trometric observers of asteroids which were outlined
in the meetings of Comission 20 of the I.A.U. dur-
ing the General Assembly in Patras, Greece, in Aug-
ust. These guidelines probably will be published
first in the M.P.C.'S I supplied a list of 263 as-
teroids, including 248 with diameters of 100 km or
larger; 14 smaller than 100 km but subtending more
than om at favorable oppositions; and the unusual
object (44) Nysa.

Maps and Finder Charts. A map showing my predicted
paths of asteroidal occultations during 1983 in the
U.S.A., southern Canada, and northern Mexico will be
published in the 1983 january issue of Sky and Tele-

scope. Maps for individual events to be published
in future issues of o.n. are described below; some
of these for late 1982 events are in this issue.
The wide area chart of the finder charts usually is
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based on the Atlas Coeli, showing stars to 7th mag.,
so that it corresponds approximately to the view in
many finder scopes. Perhaps only one bright star,
labeled on the sky maps published monthly in Sky and
Telescope, is shown; presumably these charts or oth-
ers at least as detailed, are available to all o.n.
readers. The wide-field chart sometimes is not in-
cluded for very familiar regions when two or more
stars on the Sky and Telescope monthly map are on
the detailed map. The detailed map is usually 4° on
a side and is based on SAD data (complete to about
9th mag.) for stars south of -2° declination and on
AGK3 data (complete to about 10th mag.) for stars
north of -2°. The path of the asteroid is shown,
with Oh U.T. tick marks for four dates starting with
the date two days before the date of the event.
Hence, there will be three tick marks on the side of
the occulted star before the event, and one mark af-
ter. Close double stars are underlined. For stars
fainter than 8th magnitude, I have compared the de-
tailed charts with Papadopoulos' True Visual Magni-
tude Star Atlas tO add some 11th and even 12th mag.
stars in the vicinity of the star to be occulted.
This comparison also serves as a final check of the
chart against a very close equivalent of the visual
appearance of the actual sky. Finder charts are
published in o.n. for events potentially visible
from North America and Europe. Others usually are
distributed to observers or to national coordinators
who further distribute the charts, which are usually
only the detailed computer-produced charts.

The computer-produced charts need to be compared
with detailed charts such as Atlas Eclipticalis tO
identify numbered and lettered stars, add variable
stars, and check catalog errors (especially the AGK3
omits some very bright stars and information about
duplicity). Volunteers with access to the necessary
catalogs are sought to make good drawings of the
finder charts suitable for publishing in o.n. You
are especially sought for this work if you have ac-
cess to the True visual Magnitude Star Atlas, but
since this is not the case for most o.n. subscrib-
ers, it is not a prerequisite.

%rld MaEs. Mitsuru SOma, Tokyo, japan, produces
tuC woFTa maps published in o.n. by computer, using
stellar and ephemeris input data supplied by me in
machine-readable form. For asteroids and satel-
lites, the three closely spaced parallel lines show
the predicted central occultation line, and the
northern and southern limits, with U.T. marked at
one-minute intervals and labeled at five-minute or
ten-minute intervals along the central path. For
major planets, the limits are not near the central
line, and usually only one limit will be shown.
Sometimes, no limit will be shown, but only a paral-
lel line, or lines, labeled with the distance in arc
seconds from the center of the planet. This is of-
ten the case for Uranus and Neptune, when only qc-
cultations by possible rings are predicted. The two
parallel dashed lines show the central occultation
path in case the minor planet passes 1!'0 north or
south (measured perpendicularly to its path in the
sky) of its predicted path with respect to the star.
Combined ephemeris and star position errors can
cause path shifts this large or larger. Other par-
allel lines are sometimes drawn and labeled by hand
to indicate alternative predictions based on ephm-
erides or star positions other than the ones I used.
The sunrise and/or sunset terminator is shown, with
hatches indicating the side of nighttime visibility.
The star and occulting object are in the zenith for

an observer at a site indicated by the center of the
circular projection of the earth; the objects are on
the horizon for sites at the edge of the circle.
The altitude above the horizon can be estimated for
any site shown on the map; the cosine of the alti-
tude is the distance of the site from the center of
the circle divided by the radius of the circle. The
sun altitude can be estimated by the distance from
the terminator. World maps for 1983 will appear in
future issues, but some for events late in 1982 are
in this issue.

Regional Maps. The more detailed regional maps are
prepared with a computer program originally written
by Fred Espenak at Goddard Space Flight Center, and
extensively modified by me. The parallel curves
represent the path of the center of the occultation
shadow, considering several different shifts of the
occulting object from its predicted path with re-
spect to the star. The nominal path is labeled "0"
and is drawn slightly heavier than the other paths.
The parallel curves show the central path for multi-
ples of 0!'1 shifts of the asteroid from its predict-
ed path in the sky, measured perpendicularly to the
path. Curves are labeled in the map margins with
"N" or "S" showing shift direction; "E" or "W" are
used if the occulting object's motion is nearly due
north-south. Dashed curves show predicted U.T. of
central occultation, or of closest approach. Low
star altitude or twilight boundaries are drawn when
appropriate. A stippled line marks the moonrise or
moonset line, if either is present. The expected
diameter of the occulting object, in km and in arc
seconds, is given in the heading. The ephemeris
source is indicated below the map; the stellar data
used are indicated by the first entry under the "S"
column of the second table. Dashed curves parallel
to the solid curves indicate predictions for the
path center based on other stellar and/or ephemeris
data, as labeled. Asterisks show the locations of
observatories from which photoelectric occultation
observations have been attwpted in the past, as far
as I know. The regional maps are "false" projec-
tions, plotted with a constant linear scale (con-
stant degrees per centimeter) in both longitude and
latitude, so that the reader could, for example,'
plot updated computed path points which might be
provided by Gordon Taylor or by Lowell Observatory.
Updated predictions by me usually are given as a
path shift in arc seconds, which can be interpolated
between the adjacent solid curves on the regional
map, and a correction to the time, either earlier or
later than the time estimated for a given location
from the map by interpolating between the dashed
U.T. curves. If the correction to the time is very
large, the continents will be shifted in longitude
relative to the occultation curves due to the rota-
tion of the earth, and the path shifts consequently
will be slightly different along curved paths. This
effect is greatest for paths extending nearly due
north-south, and is inconsequential for east-west
paths. I take this effect into account when I de-
rive an updated path shift value, using a average
value for a given regional map since the error in
doing this is almost always less than the uncertain-
ty of the astrometric update. Regional maps usually
will be published in o.n. only for occultations po-
tentially observable from Europe or North America.
Regional maps for other areas with at least a few
IOTA members are distributed either directly to than,
or to national coordinators for further distribu-
tion. Regional maps for 1983 will appear in future
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issues, but four for late 1982 are in this issue.

Local Circumstances. Predictions of local circum-
stances of planetary occultations and appulses,
which supplement the tables of general data given in
o.n., are computed and distributed to all IOTA mw-
bers by joseph E. Carroll, 4216 Queen's Way, Minne-
tonka, MN 55343, U.S.A., telephone 612, 938-4028.
These predictions are available to non-IOTA members
by sending Mr. Carroll accurate geographical coordi-
nates and $1.00, payable to I.O.T.A.; processing of
requests will be speeded up by supplying a S.A.S.E.

Observational Methods. Numerous techniques and
hints for observing planetary occultations have been
discussed in previous articles on predicted and ob-
served events in o.n. and in Sky and Telescope, es-
pecially in my annual article in the January issue
of the latter. Some of the more important methods
and considerations are described below.

Use the telescope with the largest aperture availa-
ble, to give the brightest-possible image of the
target star. Also, with a larger aperture, you are
more likely to see the asteroid approaching the
star, 30 to 10 minutes (depending on the motion) be-
fore the time of closest approach; this will give
confidence that the correct star has been identi-
fied. With a larger aperture, there will be a high-
er signal-to-noise ratio, so that an occultation
will be more clearly visible. If the asteroid is
not visible, and the star appears faint, dimings
due to atmospheric seeing variations are likely to
be mistaken for occultation events. Since separa-
tions of only a few thousandths of an arc second of-
ten can be resolved during an asteroidal occulta-
tion, very close double stars sometimes are discov-
ered. The ability to see innersions and wersions
occur in steps due to duplicity is better if the
star appears brighter.

The value of practice in locating the target star
before the night of the occultation can not be over-
emphasized. A good finder scope, able to see stars
to about 8th mag. and with at least a 5° field of
view, is highly recomended. On your.first itry, al-
low at least 30 minutes to find a star in a diffi-
cult field, such as one more than 2° from a 3rd-mag.
star, especially if strong moonlight is present.
After a little practice, you will be able to locate
the target star quickly, an ability which may be im-
portant during the night of the event, especially
for those travelling relatively great distances with
portable equiµnent. If your telescope is equatori-
ally mounted and has setting circles, practice using
them to offset from a nearby bright star to the tar-
get star.

The best current method of recording an occultation
is with a high-speed photoelectric photometer. Al-
though this has been almost exclusively the domain
of professional astronomers at major observatories,
designs and components for relatively inexpensive
photometric systems have been, or are being, assan-
bled at the University of Texas and at Lowell Obser-
vatory. News of these systans will be announced in
o.n. as they become available; eventually, it is
hoped that at least one of the systems will be mar-
keted comercia11y in completely assembled (Or near-
ly SO) form. Other automatic recording methods in-
clude video and photography. Paul Maley has photo-
graphed breaks in star trails during occultations of
relatively bright stars with an unguided 9-an aper-
ture telescope.

The best way to record a visual observation is to
tape record event marks and coments along with
short-wave radio time signals. This is better than
using a stopwatch since the record can be replayed
several times, to refine the time of marked events;
multiple events in quick succession can be recorded;
and remarks about observing conditions and interrup-
tions can be included in the timed record. Events
can be marked either by voice or (perhaps prefera-
bly, since hand reactions may be quicker than voice)
by a mechanical clicker or electronic tone genera-
tor, such as a door bell. Mechanical crickets
marked "IOTA" can be used and are still available
from Victor Slabinski, 3457 S. Utah St., Arlington,
Virginia 22206, by sending him 20 cents (can be a
postage stamp) and a S.A.S.E. Valuable practice can
be gained by timing some lunar occultations; see my
"Occultation Highlights" articles in each january's
issue of Sky and Telescope if you currently do not
have predictions for your location. Field experi-
ence gained from timing multiple events during a lu-
nar grazing occultation can be especially useful for
observing asteroidal occultations with portable
equipment.

Single observations of asteroidal occultations pro-
vide a very accurate astrometric measurement of the
asteroid relative to the star, but tell us little
about the occulting object. Asteroidal occultations
are best observed as a group or regional project; at
least two, and preferably three or more, well-dis-
tributed chords (ideally, one near the center and
one near each of the limits) are needed in order to
determine the asteroid's mean diameter reliably.
Consequently, when last-minute astrometry shows that
an occultation might be visible from your region, as
many observers as possible in cities and towns
throughout the region should be notified. Gall's
Astronomical Directory and the Ihternational Direc-
tory of Amateur Astronomical Societies are both ar-

ranged geographically and, along with some directo-
ries of' national professional societies, are useful
for contacting potential observers. For events vis-
ible from North America, finder charts often are
published in Sky and Telescope, tO which non-o.N.
subscribers can be referred. But most important,
observerS with portable equipment are needed to tra-
vel to locations between cities with observers, to
fill gaps in the coverage and increase the chances
of obtaining enough well-distributed chords. The
deployment is a little like that for a lunar grazing
occultation, but on a much larger scale. The ob-
serving "fence" is much longer, to cover both the
asteroid's diameter and the prediction uncertainty;
observers generally are separated by tens of kilome-
ters. When possible, visual observers should observe
in pairs, separated by a km or more to confirm each
other's timings by independent observation not af-
fected by the same local atmospheric seeing cell or
cloud. If the motion of the occultation shadow is
relatively slow, the observers of a pair might sepa-
rate themselves along the direction of motion by a
distance large enough to produce a time difference
of 2 seconds or more; the regional map can be meas-
ured to tell how large a distance this would be.
This will not only allow confirmation of observed
occultations, but also will permit a rough measure-
ment of the motion of the occulting object. This
would be valuable for establishing that a secondary
occultation was caused by a body which shared the
motion of the asteroid. Regional coordinators need
to balance the need.for a large-enough number of ob-



18

servers across the zone of prediction uncertainty to
obtain enough well-distributed chords across the as-
teroid, with the need for confirmed observations by
pairs of observers; the available manpower is always
limited. Observers in cities relatively far from
the predicted path, who can not travel to it, should
observe also, in case of astrometric error or to ob-
serve a possible secondary occultation. But in such
cases, visual observers always should make an effort
to observe in separated pairs, as noted above, for
confirmation. A secondary occultation by an aster-
oidal satellite is possible for anyone who has the
star above his horizon at night during the appulse,
but the possibility of such an event actually occur-
ring, though always low, increases considerably as
one approaches the actual occultation path. Second-
ary occultations almost never have been reported
more than ten diameters away from the asteroid.
This fact also can be used to plan the period of ob-
servation and recording (be sure you have enough
tape). Start observing at least ten times the pre-
dicted central duration before the predicted time of
closest approach (and add to this the uncertainty of
the time of closest approach), and continue for at
least as long a period afterward, but be careful not
to become too fatigued; try to arrange a comfortable
observing position, and take a brief break (note
when you do this) if you start to become too tired.
Be sure to be especially alert during the three or
four minutes bracketing the time of closest ap-
proach.

You can find out the latest predicted shift
and time correction for upcoming asteroidal
occultations by telephoning Astro-Alert in
Chicago, IL, area code 312, 259-2376, or
Gordon Taylor at the Royal Greenwich Obser-
vatory, England, city code 0323, 833171, ext.
3252. Also, information usually can be obtained
from Paul Maley in Houston, TX, 713, 488-6871 and,
at least for events in the western U.S.A., from Low-
ell Observatory, Flagstaff, AZ, 602, 774-3358. For
some very important events in North America, ar-
rangwents will be made to broadcast prediction up-
dates on KMV at hourly intervals during the few days
before the occultation.

Notes about Individual Events

jan. 19, (59) Elpis: On 1977 june 23, j. Ferreira,
Fremont, CA, visually reported a "slow fade, some
doubt" during a lunar occultation of SAD 118599, re-
ported in o.n. i (13), 140. The observation indi-
cates possible duplicity, with components of approx-
imately equal brightness and separation of the order
of 0?04 projected in the 177° p.a. of the event.

Feb." 14: The star is Z.C. 970.

Feb. 28: SAD 162050 = Z.C. 2764 is probably a close
double star, based on reports of gradual events ob-
served during lunar occultations, according to G. M.
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Prediction Updates. The
predictions for asteroid-
al occultations can be
improved by astrometric
observations to update
the ephaneris and the
star's'position a few
months in advance. The
improvement can be quite
good if the asteroid hap-
pens to pass near the
star, perhaps during its
retrograde loop, so that
both objects can be pho-
tographed on the same
plate. Sometimes these
preliminary prediction
improvements are pub-
lished in o.n. or in Sky
and Telescope, or dis-
tributed by mail by Gor-
don Taylor, or by Lowell
Observatory astronomers, or
by me. However, a very ac-
curate prediction generally
can not be made until the
objects are close enough
together to photograph on
the same astrographic plate
during their final ap-
proach, only a few days be-
fore the event. In these
cases, those of us involved
with computing the final
predictions must concen-
trate on notifying those
near the path; this is fa-
cilitated if those we con-
tact telephone other ob-
servers in their areas.

Richard Nolthenius
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Appleby, j. Brit. Astron. Assoc. 90 (6), 572, 1980.

Mar. 2: See 2nd paragraph of the section on ephw-
erides above.

Mar. 3: The star is not in the C.D. catalog. The
number given in the DM NO. column is the star's ntm-
ber in the Hyderabad zone of the Astrographic Cata-
log. Observations of the occultation by the Uranian
rings will be needed to locate the star precisely
relative to the center of Uranus, which will be
needed to make a reason-
ably accurate prediction
for the March 25th
events. .

uted at suitable intervals across the path to ensure
that at least two well-placed chords are timed.

Mar. 28: This event by (2) Pa11as might serve as a
preview for the very favorable May 29 occultation.
If the path of an occultation by a satellite of Pa1-
1as can be predicted for May 29, it also might be
predicted for Mar. 28.

Apr. 7: (532) Herculina probably has a SO-km satel-
lite, based on the observations of a secondary qc-

1982 11 15 (375) URSULA SAD 55791

0!At'ETER 2CKJ KM - 0:13

Mar. 8: The star is
Z.C. 2611.

.
Mar. 25: Same star as
occulted on Mar. 3; see
note above. The predic-
tion for the path of the
occultation by Uranus'
satellite Umbriel is
quite uncertain, but it
probably can be improved
to less than the path
width by a combination
Of observations of the
Mar. 3 occultation by
the rings and improve-
ment of the orbital ele-
ments of Umbriel, by
workers at CERGA, Grasse,
France, utilizing rela-
tively recent astromet-
ric observations. Re-
cent work has shown that
the Uranian satellites

are darker, and there-
fore larger, than ex-
pected; see Sky and Tel-
escope 64 (3), 227. Ob-
servations of this rare
event will be valuable
for planning for the
Voyager 2 flyby of Ura-
nus in 1986. Visual
timing of the occulta-
tion should be possible,
since the star will be
19!'6 from the center of
Uranus in p.a. 93°. A
spot filter or occulting
bar (even a fat cross-
hair) in the eyepiece fo-
cal plane could be useful
for diminishing the in-
tensity of Uranus. It is
recommended that prospec-
tive visual observers try
to follow the star when
Uranus passes close to it
on Mar. 3, to assess the
difficulty of the obser-
vation. We hope that at
least one portable photo-
electric station can be
deployed within the pre-
dicted path, and enough
visual observers distrib-
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cultation in 1978. There is also evidence for sev-
eral smaller satellites.

Apr. 12: The inaccuracy of the star position makes
the location of this path very uncertain. The XZ
simply uses data from the SAD, which in turn uses
G.C. information. Astrometry for the 1982 june qc-
cultation by (164) Eva also showed a sizeable error
in the ephmeris.

= ADS 12243. Yerkes spectroscopists report the ra-
dial velocity to be variable, indicating possible
close duplicity. The faint visual companions (g,
mag. 11.8, sep. 39" in p.a. 12°, and C, mag. 13.0,
sep. 44" in p.a. 155°, will not be occulted by Pal-
las.

june 15: The star is not in the C.D. catalog. The
nwiber given in the DM NO. column is the star's num- ~

«

Apr. 24: A rather bright
moon nearby will interfere
somewhat with this event,
which probably will be dc-
tectible only photoelec-
trically. In his Bulletin
27, Gordon Taylor writes:
"The relative positions of
the bodies are such that
an occultation is possible
by either Pluto or Charon,
or both, or neither. The
possible area of visibili-
ty is the Pacific Ocean,
east Asia and Australia
(roughly between west lon-
gitudes 140° and 250").
Plates will be taken near-
er the time to improve
these predictions — Pluto
passes about 1° south of
the star at the end of
1982 November."

Apr. 28:
The star
is Z.C.
2727.

May 4:
Same note
as for
Mar. 28.

May 24:
(IB) Mel-
pomene may
have a
large sat-
ellite,
according
to obser-
vations of
the 1979
Dec. 11
occulta-
tion; see
O.N. 2
(2), 12.

May 29:
More in-
formation
about this
rare event
is given
in a sepa-
rate arti-
cle on p.
2. SAD
87010 = 1
Vulpeculae
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ber in the Hyderabad zone of the Astrographic Cata-
log. Since the occultation is nearly central, it
may be possible to record a central flash somewhere
from the earth's surface. The central path might be
predicted based on astrometry a month or two in ad-
vance, or when Neptune passes the star during its
retrograde motion early in 1983. Four days before
this event, there will be a total solar eclipse in
Indonesia and New Guinea. Since this occultation
will be visible from the same region, some observers
already are planning to observe this occultation,
which could yield important information about Nep-
tune's atmosphere and the prob-
able ring recently found in ·2"

0 Q1968 occultation data; see o.n. " , ,
2 (16), 213. Hans Bode, who is : ·
helping to organize a discount "
trip from Germany to observe °1 " g) 8 " " o
the eclipse, plans to record " " °
this occultation from Bali. " " g)
Since the visual Am will be 0 _ ., 0 , ,

O 0less than 0.1, the occultation
, . 2/will bQ detectible only photo- . ".. uc',9:." ,

electrica11y. ':n,; ·
"'I 5 " G)

Aug. 21: See the note about :\,,,;'
asteroid diameters at the end ·
of this article (next co1umn)· 2· ", , ",, goo

which was reported as gradual in South Africa on
1923 May 21.

G

~

The diameters of (55)
(259) Aletheia (Sept.
and (372) Pa1ma (Aug.
tain due to their amb
do typical of C-type
actual diameters for
bly smaller, possibly
angular diameters and
consequently also my

Pandora (occulted Oct. 14),
14), (369) Aepia (Jan. 24),
21 and Oct. 5) are very uncer-

iguous type. Since a low albe-
asteroids has been assumed, the
these objects may be considera-

by even more than 50%. The
central occultation durations
be smaller.
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Sep. 11: SAD 146780 = Z.C.
3474 = 14 Piscium. The predic-
tion should be unusually accur-
ate, since the star is in the
Perth 70 catalog and Leif K. Kris-
tensen, Institute of Physics, Uni-
versity of Aarhus, Aarhus, Denmark,
has done extensive work on the orbit
of (SI) Nemausa to obtain the best-
possible orbit referred to the FK4.
This asteroid is of special interest
dynamically, since its orbit is ori-
ented so that it is always within
about 10° of' the celestial equator.
Hence, good-quality astrometric ob-
servations (actuai occultation ob-
servations are the best possible) of
Nemausa are well-suited for deter-
mining the location of the equator
and the zero point of right ascen-
sion. Since 14 Piscium is quite
bright and the predicted occultation
path is expected to cross populous

""— parts of North America, special ef-
forts will be made to obtain many
observations. Like the May 29th oc-
cultation by Pa11as, it takes place
on a Saturday night, facilitating
long-distance travel. Nemausa's di-
ameter was determined from observa-
tions of an occultation in the
southern U.S.S.R. on 1979 Aug. 17,
reported by Kristensen in Astron.
and Astrophys. Suppl. Ser. 44, p.
375 (1981).

-
Sep. 14: The star is Z.C. 903. See
the note about asteroid diameters at

,-· the end of this article.

Oct. 20: The star is Z.C. 2647.
The possible duplicity is implied by
a visual lunar occultation wersion
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