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This is the second issue of 1989. It is the twelfth
issue of Volume 4.

If you wish, you nay use your VISA or PlasterCard fOr payments to
IOTA; Include accouRt number, expiration date,
and sIgnature, or phone order to 312,584-136?; V/SK m~w"~
If no answer, try 906,477-6957.

IOTA membership dues. including o.h. and aay supplements
for U.S.A., Canada. and Mexico $17.00
for all others to cover higher postal rates 22.00

o.jl sUbscriptionl (I year W 4 issues)
by surface matj

for U.S.A., Canada, and Mexicoz ]4.00
for all others ]4.00

by air (AO) man3
for area "/\"4 16,00
for area "g"S ]8.00
for a}] other countries 20.00

Back issues of o.n. by surface mil
day. I (I) through cnn. 3 (]3i, each 1.00
OAf. 3 (14) through O.n. d (I , each ].75
day. 4 (2) and later issues, each 3.50

Back issues of q.n. by air (AO) nail
o.n. i I) through 0.¥. 3 (}3), each 1.45q.n. 3 114) through q.n. 4 (I). each 2.20

o.n. 4 2) and later issues 5.00
There are sixteen issues per vQiwm all still available.

Alehough they are avaSloble to IOTA mtmbers wIthout charge, non-
members must pay for these items:

LOC&T c1rctmstance· (asteroidal appu)$e) predictions (entire cur-
rent ?1St for your location) 1.00

Graze iimt 3Hd profile prediction (each graze) 1.50
Papers explaining the use of the pmictfons 2.50

Asteroidal occultation supplanents will be available at extra cost:
for Scmth Aroerica through Ignacio Eerrin (Apartado 700; Fterida
5?01-A; Venezuela). for Eumpe through Roland Boninse na (Rue dcKariembourg. 33; 8-638) DOURBES; Be7gium) or IOTAJES {see below).

for southern Africa through M. 0. Overbeek (Box 212; Edenvale 1610;
Republic of South Africa), for Australia and New Zealand through
Graham Blow (P.0. Box 2241;'We11ington. New·Zea1and), and for japan
throu h Toshio Hirose (I-R Shimonamko l-chome; Ota-ku, Tokyo 146,japanj. Suppl=nts for all ather areas will be available from Jim

Stam (11781 N. Joi Drive; Tucson, AZ 85737; U.S.A.) by surface
mail at the low price of 1.18
or by air (AO) mall at 1.96

Observers from Europe and the British isles should join iqta/es.
scMing EN4 40.-- to the account IOTA/ES; Bartold-knaust Strasse B;
3000 Hannover 9|; Postgiro Hannover 555 829 - 303; bank-code-number
(88Rkleitzdh7) 250 ZOO 30. Full mesrbership in IOTA/ES includes the
supplaent for European observers (total and grazing occultations)
and minor planet occultatSon dm, including last-minute predic-
tions, when avaflaljle,

i Single issue at Ik of price shown
' 2 Price includes any supplements for North A~ican observers.

3 Nt avai)ab1e 'FOr U.S.A., Canada, or Mexico
l Area "A" fnc7cides Central America, St. Pierre and Miquejon,
Caribbean Islands, Bahamas, Bermuda, Colombia, and Venezuela. if
destred, area "A" observers may order the North American supplement
by surface maf1 at $].18, or by air (AG) mil at $1.50.
s Area "B" includes the rest of South Wrica, Nd1terranean Afri-
ca, BrA Europe (except Estnnia, Latvia, Lithuania, and U.S.S.R.).

David id. Dunham ,

Annual Meeting. The 1989 annual meeting of IOTA, an
election meeting, will be held in November (probably
2nd half) or early December, probably during a Sat-
urday and probably at the Lunar and Planetary Insti-
tute near the Johnson Space Center southeast of
Houston, TX. The date will be established by the
end of September and will be put on the IOTA occul-
tation line message at 30],474-4945 when it is
known. It will also be given in the next i.ssue of
o.n., wt!ich we p7an to distribute in"0ctober in time
for'th"e good lunar Praesepe passage on the 22nd,
visible from New England and eastern Canada. Nomi-
nations are open for election of officers, whose du-
ties are described in the bylaws; contact me at 7006
Megan Lane; Greenbelt, MD 20770; U.S.A.; telephone
30],474-4722 if you want to make a nomonation. For-
tunately, we have a volunteer for the most important
Secretary-Treasurer position: Craig and Terri Mc-
Manus of Topeka, Kansas. They are an enthusiastic
young couple who were recruited into IOTA by Richard
Wilds. Richard has worked with occultations for
twenty years and can give good advice to Craig and
Terri about unusual requests and correspondence.
Most of the other offices wIll probably be filled
with incumbents.

esop viti. The Eighth European Symposium of Occul-
tation Projects wi71 be held in Freiburg, German
Federal Republic, on September 1-6, according to an
announcement distributed July 5th by IOTA/ES. The
symposium, in English with German translation, will
be held at the Hotel Deutscher Kaiser; the Stern-
freunde Breisgau e.V. will help with the arrange-
ments. There w811 be the annual genera] assembly of
IQTA/ES at 20:00 on the 1st. The sessions of ESOP
VIII will start at 9:30 on Saturday, the 2nd, and
end at about 13:00 on Sunday, the 3rd. The rest of
the time can be spent with organized tours to nearby
observatories, to Strasbourg, Freiburg, and the
Black Forest. For more information, contact Dr. Eb-
erhard Bredner; Astrag VHS Ham; Postfach 2449; 4700
Ham I; German Federal Republic; phone 02381-172534.

span Electronic Mail Address: Wayne Warren recently
obtained an account for me on a VAX computer at the
National Space Science Data Center, which includes
an electronic mail address on the SPAN network. My
SPAN address is: nsscda::duriham. This should im-
prove my comunications with the astronomical com-
munity, If you have a SPAN or BITNET address, '
please let me know the next time you comunicate
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with me, I can not access my VAX and SPAN account
from my office yet (that should be possible at a
later date), so now I check my SPAN mail only every
2 or 3 days in the evenings at home. I apparently
no longer have a nasamai1 account, but I still have
nmjy telemail-based gsfcmai1 address (dunhamd). But
the SPAN network should be easier to use for commun-
ication with BITNET or other SPAN users.

Future Tavei: I may need to visit the European
Space Research and Technology Centre (ESTEC) in the
Netherlands in September or possibly October. But
more certain, I will be giving a paper on spacecraft
missions to Comet Honda-Mrkos-Pajdusakova during the
40th International Astronautical Federation Congress
bCing held October 9-13. The [AF Congress original-
1j' p1ann"ed to Meet in Beijing, China, but after the
political developments there in June, the IAF execu-
tive council has moved the meeting location to Mala-

_ga,..Spain, In late October or early November, I may
return to Moscow for more discussions at the Space
Research Institute (see p. 295). Closer to home, I
hope to attend part of the American Astronomical So-
ciety's Division on Planetary Science meeting in
Providence, RI, October 31-November 3, but only for
one or two days, if it does not interfere with the
possible trip to the USSR. Farther in the future, I
plan to attend the ?7th ISTS meeting in Tokyo in
May, 1990. While there, I will visit ILOC, for dis-
cussion of further cooperation with IOTA and to see
how work is progressing fo1}owing the retirement of
A. Senda last March. Sinc'e Senda's departtjre, Kiyo-
fumi"Tamii has been"anShering my letters to JL0¢. "'

|A1so during this trip, I will see how Mitsuru SOma
jis doing with his work at the National Observatory
,on analysis of lunar occultation observations and
iconstruction of software to rep)ace critical parts
:Of the U.S. Naval Observatory's OCC program, 1 sent
him a copy of the 80J version of th2 XZ catalog, as
well as other catalogs, in May of this year for his
work, which may be of pressing concern for us next
year. [Note: I have promised a few others copies
of the XZ catalog on magnetic tape, which I hope to
distribute in late August, after finalization of
the L-catalog, which will also be included in the

jtapes]. That 'is because our current file of lunar
,and solar ephemeris information used by the OCC pro-
·gram, upon which all of our detailed graze and solar
.eclipse predictions (as well as USNO total lunar qc-
,'cu1tation predictions) depend, ends at the beginning
'of 1991. Van Flaridern's programs that generate the
'ephemeris file information include some possibly tin-
µtsab1e binary subroutines, for which the Fortran
'source code may be hard to locate, so generation of
an accurate ephemeris file for 1991 detailed predic-
'tions and analysis may be difficult. He do have a
ifi1e of j=2 lunar ephemeris data in the OCC format
"that goes well into the next century, which can be
-used, if necessary, for the USNO total occultation
predictions.

Distribution of this Issue: In the last issue, I
said that this issue would be sent in time for the
July 27th Pleiades passage, but that event was cov-
ered quite well by my article in the July issue of
Sky and Telescope. So instead, we were going to try
to use the August 17th lunar eclipse as the main
feature of this issue. However, it took longer than
expected to prepare the other articles for this is-
sue, so a separate supplement was prepared for the
lunar eclipse and enclosed with USNO total occuita-
tion predictions that were computed and sent from

USNO for most IOTA mmbers in the region of visibil-
ity (members and o.n. subscribers in the visibility
region not receiving the USNO predictions were also
sent the supplement.

GRAZING OCCULTATION PREDICTION CORRECTION AND
INTENSIFIED VIDEO GRAZE OBSERVATIONS

David IB. Dunham },

Correction to profiles by Walter Morgan: A change
was made to the profile program for 1989 graze pre-
dictions, as noted in O.n. 4 {ID), 241. However, in
the predictions for }989 generated by Walter Morgan,
this change was not made, for the regions for which
he computes grazes: B, D (only first half of 1989),
F, 0, Q, and XQ. The uncorrected profiles state at
the top of each profile, "IOTA ACLPPP, 86 DEC. VER-
SION," while the correct ones say "88 NOV. VERSION."

· The correction only affects northern-limit waning-
phase dark-limb grazes. If you have "86 DEC." pro-
files, the Watts angle of central graze is between
330 and 360 degrees, and VPC is not equal to
-HEIGHT, then the correctly predicted path will be
north of the predicted one by an amount -0.043 times
the latitude 1ibration. The result is in arc sec-
onds (scale on left side of profile), which can be
converted to miles or km by dividing by the VPS
(vertical profile SCMC)a For example, for a pre-
diction for the graze of X7703 On 1989 July 29, the
86 DEC. VERSION profile gives VPS = 0?69/mi1e, VPC =
-0.718 and HEIGHT = 0.490 with Watts angle of cen-
tral graze 353.93 and LIBRATIONS - LAT = -5.30.
Hence, the northward correction is -0.043 x -5.30 =
'0!'228. Dividing this by VPS gfves a north shift of
0.33 miles. Morgan has corrected this error, but
not before all of the late 1989 graze predictions
were distributed. Another error that he has not
corrected is the version, which should be 80J in-
stead of 80H for all 1989 grazes.

Graze Videorecordings: On April }1, I used my image
intensifier, RCA Ultricon camera, and 20-cm Schmidt-
Cassegrain telescope to videorecord 11 events during
a graze of 5.6-mag. Z.C. 885, with a cusp angle of
]4N and a 30% waxing Moon. I had to drive 5 hours
to western Pennsylvania to reach clear sky. After
deploying 3 other visual observers, I quickly start-
ed to set up my equiprnent, only to be asked by a po-
liceman, "Did you get permission to use township
property?", etc., only )0 minutes before the graze. .
Fortunately, I was able to mollify him and get my
equipment running with less than i minute before the
first disappearance. The star appears very bright
and the dark side of the Moon is plainly visible
with earthshine. Coincidentally, I videorecorded a
graze of the same star under virtually identical
conditions in August, 1986, while the Moon was 30%
sunlit waning, but that time without the intensifi-
er. It is interesting to compare with the April
event, since in the 1986 record, the star appears
much fainter (though plainly visible), while the
dark side of the Moon is hardly noticeable at all.

Or March 12, again using the intensifier, I was able
to videorecord most of a graze of 8.9-mag. SAD 75722
at a cusp angle of 6N with a 24% sunlit Moon; 3 oth-
ers were able to visually time the graze with 20-cm
and larger telescopes. He observed near Conowingo
Dam, MD, in the same area where the first videore-
cording of multiple events during a graze was made
in 1981.
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NEW VIDEO AND PHOTOELECTRIC EQUIPMENT ALLOW MORE
OBSERVERS TO RECORD OCCULTATIONS AUTOMATICALLY

David 1L Dunham and Peter Manly

CCD Cameras: For most of this decade, the RCA Ul-
tricon surveillance camera has been the best camera
available for occultation work, using the most sen-
sitive vidicon detector. But several 1ow-]ight-]ev-
el CCD cameras have come on the market in the last
couple of years. One of the first of these is the
CCD monochrome imaging module by Philips, which has
offices in virtually every non-comnunist country
with IOTA members. Andrew Elliott, Reading, Eng-
land, writes: "I have been researching video camer-
as for use in astronomy for 3-4 years now and was
close to buying an Ultricon when I saw the article
on the Philigs CCD module. Having now obtained one,
I really think it outweighs the Ultricon on nearly
all points: price, sensitivity, weight, size, image
distortion and lag, power consumption, and portabil-
ity." The fact that he was able to record occulta-
tions of 7th-magnitude stars during a Pleiades pas-
sage when the Moon was 95% sunlit shows that the
Philips camera can overcome glare from the highly
gibbous Moon much better than the Ultricon. The
minimum sensor illumination is quoted as 0.02 1ux
for "limit of picture acceptability" and 0.05 1ux
for "6 d8 output voltage." A different rating for
the Ultricon tube is "0.3 1ux (f/1.6 lens)." Dif-
ferent manufacturers have different ways of measur-
ing tux level, so a better comparison is to tell
what magnitude the camera' can see with a given tele-
scope aperture. Under the best conditions, the RCA
Ultricon camera can see 8th mag. with a 20-cm
Schmidt-Cass., and a mag.-8.2 occultation has actu-
ally been recorded that way. But usually, 7th mag.
is marginal for U1tricon recording with a 20-cm
scope. A Philips camera at an observatory near
Phoenix was able to see 9th-mag., and sometimes even
10th-mg., stars when used with a 35-cm telescope.
Elliott notes that his unit fits into a small Tandy
plastic box, suitably modified, that measures 95 by
52 by 42 mn. The total weight, including cable, is
about 8 oz. (225 gm). The power consumption is only
165 mil at 12 V. The sensor size is 4.5 by 6 m,
smaller than standard vidicons. For a focal length
of ZOO cm, this translates into a field size of 7!7
by 10:3, about half the size of the Ultricon field.
Prices may vary slightly with different dealers, but
in general, the Philips camera (complete) costs
about $800, while its cost without a housing and
some connectors is about $500. If ten or more make
a group buy, the price can be as low as $300 apiece.
Any residents of the USA Interested in joining an
IOTA group purchase to get this "10 off" discount
should contact Dunham at the address or phone given
in IOTA NEWS on page 289. The Western Research Com-
pany (Tucson, AZ, phone 602,325-4505) sells the
Philips camera in a housing about the size of 2 35-
jan film boxes for $825; this includes a separate
controller about the size of a cigarette pack that
attaches to the camera with a i-meter cable. The
controller has gain and auto-gain. The unit can see
9th-mag. stars with a 28-cm telescope. They also
sell a frame-grabbing board for PC use for about
$1500.

During this year, several japanese 1ow-]ight-leve1
CCD cameras have come on the market with prices sim-
ilar to the Philips camera. Steve Hutcheon tells us
that Miritron is selling a similar camera (CCD Camera

MTV-1801CA) in Australia; its 1ux specs and stellar
performance are the same as the Philips unit. We
have not seen any ads for it in the USA. Norman
Butler, San Diego, CA, informs us that the Panasonic
ZOO CCD camera is rated at "0.5 Jux," but tests show
that it can see 9th-mag. stars with a 20-cm Schmidt-
Cass. telescope. It is sold for $505 by Saveon Vid-
eo in Hollywood, CA. Panasonic also has a model
400, rated at "0.05 lux," that has higher resolution
as well as sensitivity, with BOO horizontal pixels
and 590 vertical pixels In an array with a diagonal
measuring 1.7 cm; it is sold for $900 by Saveon Vid-
eo. With the performances claimed for the Panasonic
200 and 400, there would be few occultations that
would need an image intensifier. Butler considers
these Panasonic units as the best buy for cameras
currently on the market. Another popular sensitive
Panasonic camera is mde1 5000-0, which is described
in an article that will appear in the September is-
sue of Astronomy. Roger Tuthi11 tells us that the
Amateur Astronomers, Inc. recently obtained a CCD
surveillance camera by Hitachi that has a higher 1ux
rating than the other cameras mentioned above. How-
ever, it did very well for recording the occultation
of 28 Sag. by Saturn with a 60-cm telescope. Con-
sidering the future, Andrew Elliott notes, "I am
keeping an eye open for even better versions with
larger sensor sizes, the ability to cool the sensor
for greater sensitivity and gain, and variable inte-
gration times which include normal video rates."
Dr. Eric Crane at Western Research Company is work-
ing on some of these ideas,' to produce a cooled ver-
sion of their Phi1ips camera that will have some in-
tegrating capacity to Increase sensitivity.

video Time Inserter: We have surveyed comercia11y
aval)ab1e video time inserters, and have found all
of them wanting for the highest timing accuracy.
Most of them depend on the recording frame rate for
VCRS, which can vary with battery voltage, etc. So
Manly has designed a video time inserter based on a
quartz cLock. A prototype model has proven to be
extremely accurate, within the NTSC frame spacing of
0.03 second after running for several days. it has
been designed with an active filter and phase-locked
loop which detects the 100 Hz and 1200 Hz shortwave
timesigna1 minute markers for triggering the timer.
It should be possible to use between a source and a
copying VCR to insert time on old tapes with a rela-
tively clear timesignal on the audio. Two passes
should be made to trigger the time inserter with
minute markers before and after the observed event,
to get the actual VCR rate at the time of observa-
tion. This wilt obviate the need to use studio
equipment.that is needed to isolate the individual
frames where audio minute marks occur. Our estimate
of the price is about $500.

Compact Portable VCR: The portable battery-powered
video cassette recorders comonly available at the
beginning of this decade can no longer be purchased,
except rarely as used equipment. Dunham was able to
purchase a portable VCR in April, 1987, but it was a
relatively expensive stereo unit that had mre fea-
tures than he needed. When he recently tried to re-
place a damaged part for it, he found that the unit
is no longer manufactured and that the part can not
now be replaced, unless a used version of the ma-
chine can be found for cannibalization. He was able
to bypass the broken part with a $12 special test
adaptor. The technology for VCRS has "improved" to
the point where al] general comercia1]y available.
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recorders are incorporated 'into camcorders, many of
which have non-removable lens and are all less sen-
sitive than the CCD cameras described above. Cam-
corders with dubbing capability can be used as port-
able VCRS, but these seem to cost more than $1500.
If you intend to use your camera at a fixed-site ob-
servatory, you can use a relatively inexpensive AC-
powered VCR, and marjy did this for the occultation
of 28 Sagittarii by Saturn. This could also be done
for portable use for asteroidal occultations, where
you can get AC power at a motel or gas station, but
you would need to bring extension cords to try to
get far enough away from local sources of light pol-
lution. But for lunar grazes, sites with AC power
are rarely available, unless you have time to con-
tact those living in nearby houses at a reasonable
hour.

This bleak situation has improved recently with
three compact VCR units manufactured by Sony, al-
though they are more expensive than less-portable
AC-powered units. Each of these use the small B-rm
video cartidges with a capacity of about 20 minutes,
but they all have connectors for copying to other
VCRs that use full-size cassettes. The first unit
is a GV-8 Video Walkman that has a 3-inch LCD dis-
play; it is 5}/!6 by 83/8 by 25/8 inches and weighs
only 2 lbs. 14 oz. The second unit, EV-DT1, uses a
S-inch Trinitron screen, measures 6M by 9 by 12!s
inches, and wCighs 11 lbs. 7 oz. without battery.
Manly notes that the displays on both of these ma-
chines seem to show everything that can be seen with
a good-quality small TV. The third unit, EV-S1, is
a recorder only, that is, it has no monitor. It
could be connected to a cheap monitor like the 5 by
5 by S-inch sets available for $50 or less from Ra-
dio Shack. Unfortunately, the Ev-on has several
features that are not needed for occultations, such
as a tuner and 3-week programing capability, that
increases the price. You can probably purchase
these units in local stores that sell Sony products.
Mr. Telescope, in Phoenix, AZ, phone 602,955-5521,
sells the G\/-8 and EV-Sl for $995, while the EV-DTI
costs $1395. A battery-powered VCR that uses full-
size VHS cassettes, includes a S-inch monitor, and
weighs 22 lbs. is available for $1365 from Video
Maker; P.0. Box 4591; Chino, CA 95927.

Important Note on Copying: For copying videotapes,
it is better to connect the VCRS with video and au-
dio lines rather than RF connectors, which lose some
resolution relative to the former.

rmage Intensifiers: Image intensifiers with housing
and transfer optics are available for $2270 or more
from Astroltnk, which advertises in most issues of
Sky and Telescope. Useeeddd bid- eneration image inten-sifiers can be purchas for ?675 from Stano Compon-

ents; P,0. Box 6274; San Bernardino, CA 92412; phone
714,882-5789. If you want to purchase one, contact
Stano by phone to discuss the units that are availa-
ble; most have minor defects such as dark spots near
the edge which are not much of a problem. But you
should not get one with bright spots (look like
stars), and you probably would not want one with a
superimposed grid, If you get one of these intensi-
fiers, you need to build a housing to attach it to
your telescope and camera, and a transfer lens needs
to be mounted between the intensifier output and the
camera, a non-trivial job. Astrolink sells their
"HAL 19," a relay lens video assembly to couple the
back end of an intensifier to a standard "C" mounted

video camera, for $275. The front of the HAL 19 is
designed to fit their HAL 6 first-generation image
intensifier housing, but Astrolink tells us that
they can make some modifications to acconmdate some
other housings.

optec SSP-5 Photometer: Kith the explosion of de-
velopments in video, we should not be blind to im-
provements that are also being made for photometers.
Acquisition and tracking of stars to be occulted,
especially for lunar grazes and reappearances, are
much easier with video, but photometers permit high-
er timing and photometric accuracies which allow re-
solving diffraction patterns that can seldom be no-
ticed with video. Thus, photometers can resolve an-
gular diameters and double stars with angular dimen-
sions too small for video occultation techniques.
Also, the shallow light drops that occur during some
asteroidal occultations can be recorded with photom-
eters but usually not with video.

Optec, Inc., which advertises in most issues of Sky
and Telescope, iS marketing a new photometer, SSP-5,
which uses a miniature photomultiplier tube with the
same characteristics as the 1P21 and is significant-
ly more sensitive than their SSP-3, while retaining
most of the features and ease of use of the earlier
mode7. The SSP-5 costs $1595. Either the SSP-3 or
SSP-5 can have a $59 analog output connector modifi-
cation to use, for example, with a chart recorder
for occultations. The SSP-5 has a 10 ms rise time,
as opposed to the 50 ms rise time for the SSP-3, so
the newer unit should be able to record diffraction
patterns for lunar occultations much better than the
SSP-3. For $395, an SSP3CARD can be obtained to in-
terface either the SSP-3 or the SSP-5 with an IBM
PC, which should provide a better way to record dc-
cu1tation data; also, IBM PCS are more comon than
chart recorders. Using the SSP3CARD with an SSP-5,
it should be possible to record occultations with
integrations significantly shorter than IQ ms; tests
are needed to see what is really possible. Since
the SSP-5 is new, Gerald Persha tells us that Optec
will work with their first customers to fix boards
and make other modifications at no cost. He is es-
pecially interested in helping anyone wanting to re-
cord occultations.

Prices and Call for Evaluations: Note that the
prices quoted above are subject to change; they were
provided to us in July. So much new equipment has
come on the market in a short time tha.t it is hard
to keep up with the most recent developments.
Please tell us your experience with video or photo-
electric equipment that you have purchased for qc-
cii1tations, sq that we can pass it On to readers.

GRAZING OCCULTATIONS

Don Stockbauer j

My goals as coordinator of IOTA'S lunar grazing oc-
cultation section are:

1. To provide a forum for the exchange of infor-
mation through these articles;

2. To quality check the reports received and to
request any needed clarifications;

3. To publish tabular sumnaries of each expedi-
tion's results; and

4. To maintain an 'independent repository of the
reports.
In order to help IOTA accomplish these goals, please



send a copy of your
graze report to me at
2846 Mayflower Landing;
Webster, TX 77598; USA.
(Make a copy for your-
self, of course). Send-
ing a copy to ILOC in
addition is very help-
ful; their address is:
International Lunar Qc-
cultation Centre; Geode-
sy and Geophysics Divi-
sion; Hydrographic De-
partment; Tsukijf-5,
Chuo-ku; Tokyo, 104 ja-

pan. Data on diskette
should be sent to ILOC;
if you prefer this medi-
um, please send me a
printout of your data
file oNly. Total occu1-
tation data in any for-
mat should only be sent
to ILOC, as I do not
need it to produce this
article.

The Regulus graze of
1988 November 30 seen
across the southwestern
U.S. has set records for
both the number of sta-
tions (110) and the num-
ber of timings (663)
when totaled for all ex-
pediticms." [Ed; This
does not include about a
dozen timings made from
3 stations in a small
expedition led by Rich-
ard Nolthenius.] These
records should stand un-
til another superbly
spectacular graze occurs
near severa? major met-
ropolitan areas contain-
ing enthusiastic expedition
Congratulations to all who
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1392 7.3 61+16N
2366 ] .2 100+-865

118918 7.9 7+10N
078483 7.6 29- 7N

2039 5.6 15+ OS
3379 6.4 86+ 12S
0890 4.5 81- ns
1418 5.9 64- 16S
1487 I .3 58- 8S
1487 1.3 58- }9S
2003 8.5 12- us
3431 6.6 46+ 8S
0541 4.0 93+ 18S

01 24 8.0 43+ IDS
1487 7.3 95- -4N

}83594 7.3 36- 11S
2383 2.9 26- 155

078191 7.4 80+ 9N
2300 7.8 55- 14S
0311 6. 5 15+ 4N

076303 8.5 32+ 5N
06? 6 5.6 35+ ION
0768 7.0 46+ BN
1089 6.8 67+ 12N
1089 6.8 67+ }2N
1089 6. 8 67+ 15N
1329 6.8 84+ 12N
0885 5.6 30+ 13N
0885 5.6 30+ 14N
0885 5.6 30+ 14N
1042 6.6 40+ 14N
F180 7.1 51+
3353 3.8 25- -7S
1476 7.0 56+ 12N
3474 6.0 37- 9N
3474 6.0 37- 9N

Bena11a,Austra]ia I 3 1 15
Elkhorn, hil 6 37 2 25
Hobart, Tasmania 5 26 2 ]1
Manga)ore,Austr1. 2 9 I 15
Caste11ar, Spain } 3 2 17
Eden Park,Austr1. I 6 1 15
Leeheim, G. F. R. I 4 1 10
Prenzlau, D. D. R. 2 3
Swanpoo1,Austrl. 1 4 1 15
Fremont, CA 352122 15
Bastrop, TX 36229
Cathkin, Austr]. ] 4 2 15
Diedenbergen,GFR 1 6 2 10
Navas, Spain 2 10 2 13

Cary, NG
Indian River, MI
Hartford, CT
Hodge, CA
Santiago,Portuga1
Wildwood, FL
Pocahontas, MS
Calhau, Portugal
Magnet, GA
Hildwood, FL
Purcell, KS
Nashua, MO
Kellytown, CzA
Parrish, FL
Be11evue, WI
East Liverpoo],0H
Hookstown, PA
Canton, MS
Tucson Mtn Pk, AZ
Brejos, Portugal
Bee Ridge, FL
Carroll County,MD
Coatesvi]1e, PA

3 6 215
} 3 2 25
1]4115
314 I 9
2 4 2 }5
1 8 2 20
1 4 I 33
3 6115
212120
110120
4 14 1 6
618115
211120
2 5 } 20
2 4 1 20
1 2 i 17
222115
2 51]5
1 4 1 20
4 34215
3 23120
3 8211
1 5 1 20

jim Blanksby
P. Borchardt
Martin George
Jim Blanksby
Caries Schnabel
Jim Blanksby
Reinhold Buchner
Reddemann/Eichler
jim Blanksby
Baldridge/Morgan
Frankeriber./Dawes
jim Blanksby
Reinhold Buchner
Caries Schnabel

Mark Lang
Richard A. Halker
Richard Benton
David Werner
Joaquim Garcia
Tom Campbell
Benny Roberts
joaquim Garcia
Mike Kazmierczak
Tom Campbell
Richard P. Wilds
Robert Sandy
Mike Kazmierczak
Tom Campbell
Daniel Klos
Francis Graham
John Holtz
Benny Roberts
Michael Smith
Joaquim Garcia
Tom Campbell
Curtis 1A. Roe11e
Clifford Bader
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C st WA b

211\1350-74
35166-33

]87 59
0 ]9-34

25}90 58
3S 13 8

353-60
25185 54
55166 5

15197-28
]N789-10

200-10
3N191 46
6N168 -8

170-62

5
190 76

2N191 74
IS 13-57
0]94-62

5N359-59
0 3-66

2S 9-66
0 9-66

3S 14-48
0 15-48

4S ]7-48
5S 16-28
2S 12- 57

13-57
2S ]3-57
3S 14-52

5N172 -T
0 14 4

leaders and observers.
made it possible.

Any method of reducing tapes which uses interpola-
ticjn by timing the \41QV minute marks and the called
events is subject to two sources of error; non-line-
ar tape speeds and non-uniform reaction times intro-
duced during the reduction process. Linearity may
be checked by ensuring that the minute marks fall at
equal intervals; if not, a function may be fitted to
the minute marks to allow for this. An example of
this muld be discharging batteries that still re-
cord a signal; the function in this case 'would be a
7ogarithmic decay. Non-uniform reaction times may
be minimized by making an initial pass through the
tape and 1oggjng the approximate times of all called
phenomena. When the tape is replayed for the de-
tailed reduction runs (several passes ensure a high-
er confidence and accuracy), the occu1tation events
may then be fully anticipated. It is the surprise
of an unanticipated called event that can lead to a
slightly longer reaction time than that of the min-
ute marks, which are usually fully anticipated.,
This biases the interpolation and can add several
tenths of a second to the true time. One can prac-
tice reacting in a uniform way to both the minute

marks and the occu1tation events; when used proper-
ly, this method gives excellent results.

The magnitude listed for SAD 78483 (1988 Septe@er
5) in the graze table is from the USNO data base
(7.6). Caries Schnabel found the star to be 8.1
magnitude based on observations made in October,
1988.

Dave Osborn wrote on the back of his report of the
1989 February 1 graze of ZC 2383, "Due to the pres-
ence of high thin clouds, the.lateness of the hour,
and an unfamiliar telescope, tqy personal equation
and accuracy values are relatively high and uncer-
tain. I would not recoimend revising the gravita-
tional constant "G" based on 1tU/ data." Such forth-
right honesty is greatly appreciated; as per his re-
quest; Dave's observations will be kept from Stephen
Hawking, lest they form the basis of yet another
model of our universe.

It is to be hoped that others were more successful
with the 28 Sagittarii occultation by Saturn than I.
I was disabled with a back injury and could only
glimpse Saturn (but not the star) naked-eye through
my bedroom window.
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I led an expedition to observe the graze of 1 Scor-
pii on 1989 june 17 UT date near Lufkin, Texas. It
was rated marginal, but at 4.8 magnitude, 95% sunlit
and a 24° dark northern cusp angle it was actually
quite easy. So beware of bright star - bright moon
- large dark cusp angle combinations rated marginal;
many are actually favorable. Our Timekubes picked
up what sounded like touch-tone signals during the

' graze, which were either from passing car phones or
from a telephone trunk line; this was a first for
us. David Dunham had a small south shift during a
previous graze of i Sco, but we had a small north
shift, doubtless due to inaccuracy in our predicted
profile.

Thanks for all the reports received; keep up the
good work.

LUNAR PROFILE: GRAZE OF REGULUS 1988 DEC. 27
CENTRAL GRAZE AT HIR0$HIKA JAPAK
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x = Watts data points
Based on preliminary data supplied by M. SOma

REDUCTION PROFILE - 1989 MARCH 16 GRAZE OF Z.C. 1089

Robert L. Sandy .

In o.n. 4 (11), 258, the record-setting graze of
Z.C. 1089 on 1966 September 10 was mentioned. While
we did not approach the 96 timings of that expedi-
tion in the latest expeditions for a graze of the
same star, our Kansas, Missouri, Georgia, and Flori-
da expeditions amassed a respectable total of 56
timings in addition to two miss observations.

Points in the predicted profile were all of code 0,
the best possible current prediction accuracy, ±0":2.
"Star position source for the prediction was the ZZ87
catalog, whose typical errors are 0!'2 to 0!'3. Prob-
able error in the star's declination was listed as
±0!'14. The reduction indicates a south shift of
about 0!'2 from the nominal prediction.

Overall, observations agree very well with the Watts
profile, verifying the plateaus centered at 17?6 and
15?6, the valleys centered at 16?5 and 14!'8, and es-
pecially the mountain peaking at 14?3. But espe-
cially interesting is an obvious horizontal shift of
some of the predicted features in the order of 0?2.
This shift can be readily seen with the predicted
valley at WA 14?9 observed to be shifted 0?2 to the
right; the large predicted mountain at ldA 14?3 was
observed to be shifted left, the small valley pre-
dicted at 13?5, but observed at 13?75 for a left
shift, and the small mountain at 13?4 also shifted
left to 13?6. Hasn't this Watts horizontal profile
error supposed to have been corrected several years
ago, and incorporated into the ACLPPP?

If you would like a full-size copy of this reduction
profile, essentially free from reduction and repro-
duction losses, send me $1.00 and a #10 SASE, at
4901 S. Valley View Road; Blue Springs, MO 64015.
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AN INTERESTING VISIT TO THE SOVIET UNION

rDavid {d. Dunham V

In late March and early April, I visited the U.S.S.R.
for the first time. It was primarily a business
trip, the main purpose' being to exchange ideas about
spacecraft orbitS with spdCecrd"ft MissiOn dCsigners
'at the Sp'acC ResearCh"l'nstitute in meow. But I
also obtained invitations from Dr. Victor Abaiakin
at Pulkovo Observatory near Leningrad, from Dr.
Yaroslav Yatskiv at the Main Astronomical
Observatory of the Ukrainian Academy of Sciences,
and from
Dr. Vladimir of Kiev University Observatory. All
were excellent hosts, entertaining me in their
apartments and taking me sightseeing, as well as
conducting interesting discussions on occultations,
eclipses, and astrometry. It was an exciting time
since I arrived just a day after the March
elections; seeing glasnost in action was very
interesting. Before the trip, I got a videotape of
occujtation and eclipse observations translated into
the Russian SECAM format, and showed the most
interesting parts of the tape during talks that I
gave in Leningrad and Kiev.

: At Pulkovo, some restoration work was underway for
the Observatory's 150th anniversary and TAU
Symposium 141, Inertial Coordinate Systems on the
Sky. Dmitri Polozhentsev, Jr. gave me a tour of the
observatory, which includes the starting point for
the Soviet geodetic system. It had to be relocated
from survey markers in Leningrad after the
observatory's
destruction in World War II. Abalakin wanted to
start a program of photoelectric occultation
observations at Pulkovo, but has not been able to
hire someone with the knowledge of electronics for
setting up a working system. Before the trip, I had
written to Dr, Kiselev, the director of the
Institute of Astrophysics of the Academy of Sciences
of the Tadjik s.s.r. asking to visit him in
Dushanbe, to answer some questions that remain about
two 1979 asteroidal occultations observed there.
However, I found OUt that the connecting flight
times to Dushanbe were too long for my limited stay
in the USSR, so I did not try to go there.

But Abalakin
showed me a message that he received from Kiselev
inviting me to go there. Abaiakin said that he
would be seeing Dr. Kiselev in a few weeks, and
would pass my questions on to him.

I also visited the Institute of Theoretical Astrono-
my (ITA) in Leningrad. The institute's new direc-
tor, Prof. Andrej Sokolsky, was interested in my
spacecraft orbit work as well as occultations. I
gave Abalakin and ITA'S Victor Shor a magnetic tape
containing the 80J version of the XZ catalog, as
well as some other catalogs.

In Kiev, Yakskiv and Tel'nuk-Adamchuk showed me the
astrometric telescopes and measuring engines at
their observatories. One of their specialties has
been measuring the positions of lunar features for
1ibration studies. I had long discussions with Dr.

"'A'Jexander Osipov, the coordinator for occultation
work in the USSR who has been sending me their annu-
al publications of observations for many years. He
described how they would set up camp in the field
for grazing occultations, and survey their sites
relative to prominent landmarks so that accurate ge-
ographical could be determined later after good maps
became available. He noted that they had a very

successful expedition for a graze of Regulus in June
1988, but that a snowstorm prevented observations of
the Regulus graze on November 3rd. The Main Astro-
nomical Observatory has telex, which provides me
with a way for sending critical information to Osi-
pov via Yakskiv. I have already used this to send
Osipov information about two grazes near Kiev in
May, and about the occultation by Titan. We also
discussed plans for next year's solar eclipse, which
the Kiev University Observatory hopes to record with
photometers near the path edges in Siberia. IOTA
hopes to join this effort; see p. 320.

In Moscow, most of my time was spent at the Space
Research Institute. They were using very out-of-
date physical information on asteroids for planning
possible future missions, sci after I returned, I
sent them recent data, including a sutmary of diame-
ters from occultations. i was able to meet with
honorary IOTA member and amateur astronomer Alexan-
der Kova]], who showed me a very interesting coIlec-
tion of slides he has taken throughout the USSR. I
gave him a Timekube and some books, in return for a
piece of the Sikote-AIin meteorite. At Dr. Tel'nuk-
Adamchuk's suggestion, I visited Nickolai Kuznetsov
of the Foreign Relations Department of the Astronom-
ical Council one afternoon to discuss logistics for
next year's eclipse; see p. 320. I am looking for-
ward to the possibility of a return trip to Moscow
in October or November.

GALATEA EVENT OF 7987 SEPTEMBER 8
: $

Roland Boninsegna /

13 observers distributed in 12 stations reported on
the occultetion of SAD 145609 by 74 Galatea. Jean-
pol Michon, Herment (F), reported a positive reap-
pearance at 01h ]4m 4251 U.T. The disappearance was
gradual (2-3s), the sky was clear, and the star
image stability was good.

Two Spanish observers (R. Casas and C. Schnabel)
made position measurements of Galatea relative to
the star. The error band for this kind of measures
is generally great ("3-5"), but the observers ahhreed
quite well on the time of closest approach, -01 jQjTl
with -7-11 minutes of possible error.

The table below presents the distances differences
in km of the observers' positions with respect to
jean-pol's, perpendicular to 74 Galatea's motion in
the fundamental plane. The sign represents an upper
(+) or 1ower(-) difference relatNe to the direction
of motion.

Schoenmaker, A. A.
Cluyse, L.
Nezel, M.
Michon, J.-P.
Garcia, j.
VaissiCre, F.
Genovese, M.
Riccabone, G.
Casas, R.
Grenese, A.
March, M.
Marti, J.
Schnabel, C.

(NL Roden)
(g Tielt)
(D Bremen)
(F Herment)
(P Lisboa)
(F St. Genest-Lerp)
(I Torino) '
(I Torino)
(E Sabade11)
(I Alghero)
(E NtarO)
(E MatarO)
(E Barcelona)

+ 484.4
" 405.9
+ 399.4

0
- 92.2
- 146.1
- 254.3
- 255.0
- 351.8
- 357.3
- 365.9
- 365.9
- 367.5

The long occultation recorded by J.-P. Michon, 2654,
suggests a diameter of at least 178 km for 74 Gala-
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tea, a little less than 50% larger than predicted
(123 km). No other observer could have seen the
event; J. Garcia was not far from the limit.

Of course, no conclusion can be drawn.

REPORTS OF ASTEROIDAL APPULSES AND OCCULTATIONS

jim Stann ii

If you do not have a regional coordinator who for-
wards your reports, they should be sent to me at:
71781 N. joi Dr.; Tucson, AZ 85737; U.S.A. Names
and addresses of regional coordinators are given in
"From the Publisher" on page 289.

Table 1.Asteroidd appulses and occultations: January - June 198&

L2£8_MINQ8~EI'A¶FT STAR
Jan 02 615 ROSWTIHA AGK3 AJ7° 0113
Jaii 08 139 AJEWA L 2 ]32!
Jan 10 479 CAPRERA AGK3 +'09° 1334
Jan jo 16 PSYCHE SAD 158872
Jan 12 6% WRATTSLAVIA SAD 128290
jan 13 675 LUDMILLA AGK3 +18°0561

MSFRYF.R'1 RFE
ChOvWIMd
AjrjS¢
Dv
RrRzFnASe
MuEm
StBvLpQLSsDsHzArRz
RK3aMzFFGzDuCbkn
St T2ble
FmFn
CKJy in
BcLxMyhfeHW M
ChOvWiSm An

N(hBa a]
HciMlsnwh b
LyGg Bt
Ly a
Vn Bh

BeaFbMt By
HUJw X
Mu He
Mu BJ
Sc h
VnFyRd Ba

WSc Bj
sjGvRb Cl
Vn C[1
VnMIMo Cl
sjMuBjczM1MiNbxsn Cl'

CbGu Ch
Ly Cl
GgEKBzBkBIBdBjcgGi Cp

IkGidM3sGuHkjjNbp' 1 Os
RoSlSeSzVcVlWhWb D,
HtAnScGqGmMnPyGdBm 2 DI
vnLn >
Dv Eh
BkOlGnMCNpSzSx 3 Bw

SM.rLuCpOvSm ' I?
BtBhBkBdhiBdChEk Fo
EwGuG!HfKcUMcK F,
RtsaTzTtrpwnZk " Fd
Dv Pm
sjGv * C^
CpWk S ?7
Ch'8dGuKCMcPwP\sSb Gd
Fm Gn
sjFm gb

CmLILc G,
Vn Gy
OvwkSm gq
vrsj ' Gk
Ly Chi
Dv Gy
Cr G6@
Ad Go
Sq Gl
Sm m
Drkj i*

RnSI W

VbFdOvShOkSpWk Ho
Ch RIc
QDIGoGuHoTpWh Hi

Two reports that came"in after the second half of
1987 sumnary was published:

(325) Heideiberga and SAD 56709, 1987 Nov. 26; Arun
Shankar reports no definite occultation.

(26) Emita and SAD 59964, 1987 Dec. 19; [D.n. 4 (ID)
235]. Novice observer, Kristian Aggarwaj (New Delhi,
India) reports a disappearance at 22:16:41 ±2 sec.,
while experienced observers Chandra Bhushan Devgun
and Ajay Tajwar reported a miss from 5.25 km away.

I have sunnarized all of the reports that I have re-
ceived for the first half of 1988 in the following
two tables and section of notes. Table 1 lists the
1988 date, minor planet, occulted star, IDS of suc-
cessful observers, and references to any notes. Ta-
ble 2 lists the observer's ID, name, nearest town to
location of observation, country (includes state or
proyince for North America and Australia), organiza-
tion through which the report came, and the total
number of observations made in the period. The
notes section details those events that included
posi,tive observations, or other significant inform-

Jm 15 ]2
Jan 25 87
Jan 31 980
Feb 01 13]7
Feb CR 242
Feb03 5'9
Feb 04 ]25
Feb 06 506
Feb 07 80
Feb 12 393
Feb 12 75
Feb 12 426
Feb 13 654
Feb 13 1628
Feb 19 721
Feb 22 It)
Feb 22 335
Feb 23 856
Feb 23 230
Feb 24 2]1
Feb 27 209
Mar 01 4
Mar 03 1$2
Mu08 JO

VICTORIA SAD 137799
SYLVIA 11.7 mag.
ANACOSTIA SAD 205248
SILVREFTA AGK3 +34" 1081
GERMANA AGK3 +03" 1379
ELPIS SAD 139502
LJBERATRIX AGK3 +15" 0888
MARION SAD 137920
SAPPHO AGK3 +07" 1092
LAMPEIIA AGK3 +08" 0507
EURYDIKE SAD 183535
HIPPO AGK3 +24" 0899
ZEUNDA AGK3 +15" QSll
STROBEL AGK3 -02" 0313
TABORA AGK3 +06" 1509
HYGIEA SAD 118291
ROBERTA AGK3 +09" 1336
BACKLUNDA AGK3 +22° 1141
ATHAMANTIS SAD 184515
ISOLDA SAD 183657
DIDO AGK3 +11" 1262
VESTA AGK3 +26" 0863
ATALA AGK3 +37" 0814
HYGIEA BD +06° 2274

2, Obmrvem md ~tio08 or reported oveoa: Jaamry - Juse 19'88.

Mar® 121 HERMIONE SAD 186959
Muns 114 KASANDRA SAC 139205
Mar21 71 NIOBE SAD 202846
Mar24 14 AGK3 +19" 1!71
Apr03 466 TISIPHONB SAD 137000
Apr 14 m TANETE AGK3 +02° 1837

Apr 16 735
Aµ20 93
Apir 21 139
Ape 26 105
May 01 :52
MAy DI 1200
MAy 08 1146
Ma¥ 14 10
May 14 1143
MU 20 570
May 24 138
May 29 m
May 30 145
May 31 712
Jun 02 81
Jim 07 152
Jun 08 360
Jun 09 426
Jun 23 508
Jun 25 ItS
tun 30 276

MARGHANNA SAD 210378
MINERVA AGK3 +30" 0666
JUEWA SAD 157598
ARTEMIS AGK3 +05° 2232
EUROPA ILA mag.
IMPERATRIX AGK3 +01" 1379
BIARMIA AGK3 +01" 2499
HYIGIEA 11.1 mag.
ODESSEUS AGK3 +20° 0741
KYTHERA AGK3 -00" 2979
TDLQSA AGK3 +16° 1043
BREXIA B 2166613
ADK)NA SAD !90841
BOLIVZANA AGK3 AW 3022
TERPSICHORE SAD 2(J7185
ATALA AGK3 +28° 0933
CARLOVA SAD 141501
HIPPO AGK3 +11° 1052
PRINCETONIA SAD 208706
THYRA SAD 20&420
ADELHEID AGK3 +06" 2377

f7HSFBYFB
ADI8, CARLOS
ANDERSON,PKEER
ARIAS, TOBIAS
AWA, ~K!L41U
BALLBSI'LSROS, ANKNIO
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Barruezo, lOSS
BARTHES, J.
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B6NAVWB& ALFONSO
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BUMMERS, L
BLOW, GRAHAM
BQNINWNH R.
BUUJER, Ft
BULLON.LKL
CANONACJO. G}.
CARFENlhk, H.J.T.
CAZAUX, C.
CERRUTTT, NORBERTO
CHALBAUD,PEDRO
CFIURNJS, 1(jK
QQLOMBK A.
COOPER, TIM
IE KLERK,J.
GE SALAS, ROMEIJA
D6NI¥L, bit,
DI LUCK R.
DREDGE, A.
DURAN,U1ONEDBS
ENVALD.D.
FABRECIAT, JUAN
EERNANDW YAMANDU
FERRJN, IGNACIO
FERRJN, IGNACIO
FIELD, R.
ERBEIvLAN, :K)NY
galois, alRIsTos
GALLO, V.
GARCIA L
GARRADD, G.
GEINOVBSB M.
GEID= DOUCJ
GBQRW MARTIN
GERRFTSH, A.A.
GBYSER M,
GILMOW ALAN
GQNCALVBS, &
GONZALEZ JAVIER
GRAHAM, FRANCIS
GRUPPO, ASTR. SAVO.
GUE*RESRO, JESUS
GUESSB, M.
GUHL K
HERALD,DAVTD
HERNANDEZ =NANIJO
HERNANDEZ HECTOR
HOFFMAN, M.
HOLLER G.
HOLLER X
HUTCHEON. SIEVE

CITY CM[NTIPY GkCl'[lP Nn
PORTD ALBK3RB BRAaL LLADA I
hM:BOURNB QIMSNSLAND -AllS RASNZ 2
caracas vBNmm^ llada i

VEINEZIMA UADA I
carkcas vEmuaA llada i

SPAIN GBOS 2
GRANADA SPAIN C3EOiS I
CASTRES FRANCEI GEOS I
svom NS.W. - AUS RASNZ I
CARACAS VENEUjELA LIADA I
TUR1NO ITALY (3BOS 3
brussels mjcnm gsos 2
LEIDEN NETHm^NDs GBOS I
wellington NEwnuLAND rasnz i

BEWIUM GEOS I
GEOS 3

VALENCIA SPAIN CBCkS 2
gwk mAIUM ems i
WELLING [RUIID KINGDOM GBOS I
AVIGNON FRANCB GBOS I
DOLORES URAGUAY LLADA I
PICO AQUILA vBNmALA LLADA I
CAPETOWN SOUTH AFRICA ASSA 4
reggiocalabria kally ciaos i
BASTRAND SOUTH AFRICA ASSA 2

AFRICA ASSA I
CARACAS LLADA I
BERLIN EAST GmAANY GEOS I
BOLOGNA ITALY GBOS 2
JOHANNESBURG SOUTH AFRICA ASSA I
PiCO AQUILA VENEZUELA I
BIESENTHAL EAST (jERMANY OBOS I
VALENCIA SPAIN (jBOS I
MONTTVIDED URAGUAY LJADA I
merida \/BhmjELA llada 2
LLANO RKTD VHNEZUELA UADA I
DURBAN SOUTH AFRICA ASSA I
BERKaEY CALIFORNIA -USA AjU' 4
valencia YgNmjFL^ llada i
SALERNO ITALY GEBOS I
LLSBDA KJKTUGAL cms I
TAMWORTH NS.W. - AUS RASNZ I
TORJNO HALLY GBC6 I
KANATA ONTARIO-CAN ARP 2
HOBART Tasmania RASNZ I
AMSTELYEEN NETHESRLANDS GBOS I
PRETORIA SOUTH AFRICA ASSA I
MT. jOHN OBS@V. NEWZIALAND RASNZ I
LLSBOA PORTUGAL (38QiS I
llano elate) vENmja^ ijada 2
EASTUVEKPOQL OEUO-USA ARP 2
SAVONA KALY GEOG I
barquisimeto mmxmA uada 1
nouakchott MAURrrANIA geos 5
8&UAN EAST GERMANY GECKS I
CANBERRA A.CT. - AllS RASNZ I
CARACAS VENEUjELA I
P[C0 AGUILA [JADA i
SCHALKENWIREN WESTGWUvL4NY GBOS t
GRAZ AUSTRIA GEOS 2
GRAZ AUSTRIA GEOG I
SHELDON QUEENSLAND. AUS RASNZ I
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tion that could not be reported in the tables. I am
not including notes on those observations that may
have been spurious unless there is some sort of con-
firmation, or the fact that something may have hap-
pened is relevant to another observation. Instead,
I will place an asterisk (*) in the REF column to
indicate that I have received a report with more
than a "no event" in it.

TWO MINOR PLANET OCCULTATIONS
OBSERVED FROM THE TRANSVAAL

T. P. Cooper and M. D. Uverbeek
i

Notes:

I) Canadian Doug George along with 23 European
observers monitored this event: See Roland Bonin-
segna's article on page 298.

2) See o.n. 4 (8), 194.
3) S. Szabo and A. Szauer (Szombathely, Hungary)

reported a disappearance at 79:]7:42.5 and 19:17:
42.9 respectively, and a reappearance at 19:17:55
and ]9:]7:53 respectively. Five other European ob-
servers reported misses.

4) See q.n. 4 (g), }94.
5) See the article by T. P. Cooper and m. d.

Overbeek on this page.

[Reprinted from m.n.a.s.s.a. (Feb. 1989, #'5 1 & a

Suinmarg: Results of two positively observed minor
planet occu1Ut'ions "are 'prese'n'te'd. These" events are
the fi EsT' twO minor planet occultations observed
from South Africa to be confirmed by more than one
observer. Observat ions confi m the accepted .di"diiiC-
ter" "Of 139 "Juewa and indicate" that 2SO bet"t'ina may
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Occultation of SAD 157598 by 239 juewa on 1988 April

21: The path of central occultation as originally
predicted crossed southeast Australia and just south
of Cape Town. Johannesburg was just inside the j"
limit. Astrometry carried out at Siding Spring lat-
er indicated three possible tracks roughly 0!'9, 1!'0,
and 1!'1 north of the nominal track and thus in the
vicinity of the PkW area. Attempts by S.A.A.O. to
conduct 'last-minute' astrometry were clouded out.
The Australians had cloud on the night of the occul-
tation, but two positive results were obtained from
the Transvaal. Further positive observations might
have been obtained but for several observers being
away at the Iz'inkhanyezi weekend.

Conditians: The magnitude of the occulted star was
8.4 and that of the minor planet 10.8. This result-
ed in a dimming during occultation rather than a
disappearance, even in small telescopes. The alti-
tude of the star was 53° and sky conditions were
good with no haze or cloud on the Witwatersrand.
The 30% Moon set one hour and twelve minutes after
theevent, andwas thus low on the horizon, causing
no interference.

Observer details: From a potential 23 observers
within the Qccu]tation path, only two made positive
timings, as follows:

Name Site Lat. Long. Alt. Instr.

Cooper Benoni 26?17095 28?3192E 1662M 20cm
Wakefield 1Nalkervil]e 26.42215 27.9569E 1670M 31cm

Timings:

Name

Cooper
Wakefield

The results of the timings are as follows:

Dimmi nq SAST Brightening SAST
20h 33" 18'0 ± 0.5 20h 33" 33'9 , 0.2

20 33 21:6 20 33 31:6

Cooper used a quartz watch synchronised to ZUO, re-
cording all events on tape. Reference points were
made before and after the event. Timings were mea-
sured afterwards by stopwatch accurate to 0501 and
the average of the best five consecutive timings was
taken. Personal errors were applied of 755 for the
dinning and OS3 for the brightening.

Wakefield used a quartz watch and tape in the same
manner. Personal errors have been applied to the
above times. Wakefield noted some variability in
his tape drive rate which may have affected the ac-
curacy of his timings.

Discussion: Figure I shows the reduced timings as
plotted by Dunham. A slight discrepancy in the cen-
tral occultation times of the two observers has been
ignored. .From the observed_ti,mes and b,es,t, fij of ,
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·the two chords a diameter for 139 Juewa of 164km was
.derived. This compares well with the diameter of
165km accepted for this body.

For the diagram, the assumption has been made that
the minor planet is spherical. However, Hirayama

:grouped 139 Juewa as a member of family number 39.
'There is some indication that members of asteroid
families may have been formed as a result of breakup
of discrete parent bodies. This would lead to the
minor planets in question being irregularly shaped
fragments rather than spherical bodies.
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j Wakefield

""""""
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X
X
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X

X
' X ^
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Fig. 1 Fig. 2

Occultation of AGK +17°1127 by 250 Bettina on 1988

july 9: The path of central occultation as origin-
ally predicted crossed central U.S.A., northwestern
Africa, Nigeria, Mozambique, and Madagascar. Cape
Town was just outside the ]" limit, and the PWV area
was approximately 0!'6 from the predicted track.

Conditions: The magnitude of the occulted star was
8.6 and that of the minor planet 13.4. This result-
ed in a definite disappearance in the instruments
used. Although sky conditions were clear and no
Moon interfered, the event occurred before the end
of evening twilight so that inexperienced observers
and those with telescopes of small aperture were un-
successful. The altitude of the star was 40'.

Observer details: Two observers timed both the dis-
appearance and reappearance. One observer saw both
disappearance and reappearance but made no timings.
One observer reported a definite miss. The follow-
ing positions and instruments relate to the timings:

Name Site Lat. Long. Alt. Instr.

Cooper Benoni 26?1709 28?3192 1662M 20cm
Fraser Johannesburg 26.1820 28.0753 1808M 15cm
Overbeek Edenvale 26.1542 28.1389 1602M 31cm
Smit Pretoria 25.6993 28.2442 1300M 20cm
Wakefield Walkervi11e

Timings: The following timings were made by the
above observers:

Name Dimming SAST Brightening SAST

Cooper jgh 20" 36!1 ± 0.2 jgh 20m 3718 ± 0.2
Overbeek 18 20 35.6 ± 0.2 18 20 37.4 ± 0.2
Wakefield 18 20 37.4 ± 0.5

Fraser observed both the disappearance and reappear-
ance but did not time the events due to influence of
daylight and the small aperture. Smit observed a
definite 'miss'.

Both Cooper and Overbeek used tape recorders and
made verbal comments against a comon background
transmission of Radio South Africa. Overbeek made a

simultaneous recording of ZUO. Both tapes were lat-
er connected to a strip chart recorder and timings
were determined against comnon reference points from
the RSA transmission. Cooper applied personal er-
rors of 0.8 and 0.3 seconds and Overbeek 0.0 and 0.3
second to the disappearance and reappearance tim-
ings. Overbeek reported a zero-second personal er-
ror for the disappearance since the disappearance
coincided with the start of a routine comment made
on the tape recording. Wakefield's times were also
corrected for personal error. The latter used a
tape recorder and quartz watch.

Discussion: Figure 2 shows the timings as chords
plotted on the fundamental plane as derived by the
authors..

'A spherical profile cannot be fit to the chords. If
' there is no significant error in the timings then
the observations would indicate that 250 Bettina is
non-spherical. Note that 250 Bettina was grouped by
Kirayama as a family member of family number 57. It
should also be noted that the three observers were
confident of the accuracy of their reappearance '
times and that two used a comnon reference transmis-
sion for the timings. The conclusion that 250 Bet-
tina is definitely non-spherical based on only three
observers' timings should however be made with cau-
tion. More accurate conclusions could have been
made had more observers in the Transvaal network ob-
served the event.

Conclusions: Astrometry conducted at Siding Spring
was confirmed by the occultation observations of 139
juewa from the Transvaal. It is suggested that fur-
ther cooperation between South African and Austra-
lian observers be pursued.

Visual observations gave a diameter of 139 juewa of
164km. The accepted diameter is 165km.

A spherical profile could not be fit to the timings
of the 250 Bettina event. The body could possibly
be non-spherical.

For generation of reliable observational data on fu-
ture events, the timings of several observers, all
using a common reference transmission, are required.
A standard timing technique and method of reduction
must be used.

, HYGIEA EVENT OF 1988 MARCH 81/'

Roland Boninsegna

23 observers from 20 different stations have sent
reports for the occultation of AGK3 +06°1290 by 10
Hygiea.

Many observers reported Xygiea to be 0.3 to 1.0 mag-
nitude brighter than the star, instead of being 0.1
magnitude fainter as mentioned on the EAON'S chart.
However, in IOTA'S prediction, Hygiea was 0.3 magni-
tude brighter than the star. If we assume a 0.5
magnitude difference (Hygiea brighter than the star)
the magnitude drop during occultation would have
been around 0.5 magnitude also. Let us keep in mind
so little a drop in magnitude is perfectly visible
under good conditions; many papers exist now, re-
porting visual observations on small amplitude (less
than 0.5 magnitude) variable stars. See for example
L. Cereda et al, 1988, Astronomy and Astrophysics
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Sup. Ser., 76, 255. In that case, the duration of
the magnitude drop, caused by an occultation, is
comnonly very short and thus easier to detect than
small variations of variable stars over several
hours. [Ed: Conclusion debatable]

Last-minute predictions were made from 2 observator-
ies, Bordeaux and Lowell, the central path crossing
Morocco and Gibra1tar for Bordeaux, Spain and Portu-
gal for Lowell. Both observatories agreed that the
event would take place sooner (3 to 6 minutes),
around 00h 28m U.T.

joaquim Garcia and Rui Goncalves, observing from
Lisboa (same station, with 2 telescopes), reported
an occultation beginning at OOh 37m 17S U.T. and

lasting 23.0 seconds. The timings were difficult
due to the small magnitude drop and the lack of ex-
perience. Meanwhile, a pair of Spanish observers,
observing from Granada, reported no occuitation at
ail. Perpendicular to the asteroid's path (pap),
the difference between the two stations is 47 km on-
ly. Taking into account the Portuguese observation
and ascribing to (ID) Hygiea a 429 km circular diam-
eter, a nearly 8-sectmd occultation at least should
have been seen from Granada. josC Manuel Barruezo
and Aniceto Porcel have also reported that they did
not see Hygiea. That fact is very strange, because
due to the magnitude difference, they should have
seen the minor planet. Can we suppose that this is
due to the small-diameter instruments they used (6
and 11.4 cm) and the little experience they have in
asteroidal occultations, Or that the wrong star was
observed?

Finally, I think that we could credit the Portuguese
observation supported also by two 'independent last-
minute predictions. joaquim Garcia and Rui Goncai-
ves observed a northern chord (Spanish observers
joan Bu11on and Pedro Veiasco report no occulta-
tion). Unhappily, one chord does not permit us to
draw an image of Hygiea's shape and diameter. We
regret that the Portuguese observers were observing
at the same place. However, more and more, EAON
members should get organized in double stations; it
is surely a great help.

PRELIMINARY REPORT OF THE JULY 3RD OCCULTATIDN
OF 28 SAGITTARII BY SATURN AND BY TITAN

David 1A. Dunham 'J

A prediction article about the 1989 July 3rd
occultation of 28 Sagittarii by the Saturnian system
by Carolyn Porco, Doug Mink, and me was published on
pages 638-641 of the june issue of Sky and Tele

scope. Doug Mink computed detailed predictions of
the occultation by Saturn and its rings for all IOTA
members, using a copy of IOTA'S station data provided
by Derald Nye. joseph Carroll mailed these pre
dictions, as wei] as local circumstances for the Titan
occu1tatfon/appu1se. Eberhard Bredner and I al
so inc7uded a l-page writeup about the Titan
occultation, including Larry Wasserman's world map of
the
event with the latest Lick Observatory update
prediction drawn on it, with mailings about the June
7th lunar Praesepe passage sent to IOTA and IOTA/ES
members. A short note about observations of the
occultations wit] appear in the September issue of
Sky and Telescope, with a longer article in their
October issue.

Saturn: By the end of July, I had received about 30
written reports of the Saturn occultation sent by
observers from Maine to Hawaii and from California
to Florida, and one from Australia (So far, no re-
ports have been received from Latin America). Less
than half of these were from IOTA members. In addi-
tion, a dozen observers left their preliminary im-
pressionson the IOTA occu1tatiOn line phone
answering machine. In general, ?bservers_with larg-
er telescopes and in 1ocations,w,a'g0"0"a"arnospheric
seeing saw more fluctuations, and timed dozens of
fadings and brightenings, while those with_s.ma]1""in-
Struments where the seeing was mediocre or jjoor'were
lucky to even see the star in the Cassini DivisiOn.
Most visual observers provided lists of times and
their cements taken from tape.recordings- Some
provided more elaborate records, estimating the
star's brightness during the passage and plotting
the results like a photoelectric recording. Bob Ta-
1aga, using a 6-inch refractor at Tucson, Arizona,
provided one ljf the more interesting records en-
closed. Some observers attempted to analyze their
timings, comparing them with Doug Mink's predic-
tions, John Broughton, Cronub1a, Australia, provid-
ed the radius distance from Saturn for his events.

Spectacularyideorecordings were made, mainl withthe new CCD SU"rUiSii1ance camera"S"(see p. 291J at-

tached to telescopes with apertures ranging from ]2
to 60 inches. I know of videotapes made by Dennis
DiCicco, PetCr Manly, and Leif Robinson, Mt. wilson,
California (did anycme make a recording of the CBS
news broadcast on the 4th that showed about 30 sec-
onds of their recording?); Jeff Smith, San Diego,
California; at Palo Verde Observatory, Phoenix, Ari-
zona; by Richard Wilds, Topeka, Kansas (their VCR
didn't work during the jmers'ion phase, so Wilds
made "visual" timings with an audio tape recorder as
he watched on the TV monitor); reported by Robert
Sandy, Kansas City, Missouri; by Albert Kelly,
Friendswood, Texas (emersion phase clouded out);
Chuck Cole, Minneapolis, Minnesota; and Roger Tut-
hill, Union College Observatory, Cranford, New jer-
sey.

Some observers trave11ed long distances to escape
widespread cloudcover in the Southeast caused mainly
by the remnants of tropical storm Allison. Michael
Grist trave11ed 400 miles west from his home in
Burns, Tennessee, to catch glimpses of the occulta-
tion through gaps in the clouds in Arkansas. More
successful were Harold Pcvenmire and Harold Carney,
who trave11ed from Florida to western ArkansaS,
where they had a good view of most of the occulta-
tion and made perhaps a hundred timings. At one
time in the F-ring region, the star disappCared ab-
ruptly and completely for 4 seconds, possibly an oc-
cultation by a satellite? However, they did not
'riced to travel so far just to see the occultation,
since Wallace Baldwin in jacksonville and Tom Camp-
bell near Tampa, Florida were able to time several
events under good seeing conditions. It was com-
pletely overcast in Maryland, so four other observ-
ers and I drove to West kli11ington, a crossroads 25
miles east of Hartford, Connecticut, to observe the
occu1tation with B-inch telescopes. Although the
sky was very clear, the seeing was rather poor, and
we were able to time very few events. But at Glas-
tonbury, Connecticut, Phi) Dombrowski was able to
time 57 eyents using an ll-inch telescope. Condi-
"tions were also better near New York City, where
good seeing made up for the thick haze present.
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Visual 1ightcurve of occultation of 28 $gr by Titan,

Carolyn Porco also reported that all of the major
professional observatories that she had contacted
beforehand successfully recorded the occultation.
So many data were collected that it will take years
to properly analyze it. A practical means of con-
verting videorecordings to a timed photometric rec-
ord needed for analysis has not yet been worked out.
However, Peter Manly may get some help from the Uni-
versity of Arizona to upgrade his box digitizer (see
o.n. 4 (8), p. 193) to do this job. In many cases
where atmospheric conditions were not perfect, it
may be difficult or impossible to separate seeing
variations from Saturnian ring events.

Titan: The occultation by Titan was observed from
Sweden to the Canary Islands, from Northern Ireland
tO'"lsrae1, and from Oslo to Malta. I have received
'about 15 written reports, but know of many others
from telephone conversations and tau Circulars 4801,
4803, and 4809. Fortunately, skies were very clear
in Great Britain, Holland, Belgium, and southern
Scandinavia, as well as in much of France and north-
ern Germany, where the occultation turned out to be

1989 Jul 3 by N.P. Wieth-knudsen, Tisvildeleje, Denmark

central. The event was easy to observe with even
small telescopes since the star was much brighter
than Titan; in fact, some observers were not able to
see Titan due to twilight and low altitude. But the
star's variations were clear, with immersion and
emersion in Titan's atmosphere each taking many sec-
onds to a full minute and more, with much structure
"("brightenings and dimiings). The observed total du-
ration for many was significantly longer than the
calculated central duration since Titan's atmosphere
began to refract and dim the star's light at very
large distances from the satellite. Moreover, the
innersion and emersion 1ightcurves were not symet-

."ric.. An example is the visual 1ightcurve by Dr. N.
P. Hieth-Knudsen, observing with only a 60mm refrac-
tor from Tisvilde1eje, Denmark.

Perhaps most interesting were reports of the central
flash, seen by many observers in Sweden, England,
France, and Germany. Andrew Elliott, Reading, Eng-

'land, used an image intensifier to record a 15-sec-
ond central flash, peaking at about half the unoc-
culted star's brightness. The 15-second duration
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multiplied by Titan's relative velocity gives a
distance of about 300 km on the skyplane. However,
because of Titan's relatively low altitude in Europe,
the central flash skyplane area projected onto a much
larger area on the Earth's surface, a path

"about 900 km wide. This circumstance, and the clear
weather over a region densely populated with
astronomers, allowed the central flash to be widely ob
served. Elliott knows of 4 other videorecordings of
the occultation made in England. Xans-joachim Bode
used my image intensifier with his video system on his
40-cm telescope in Hannover, West Germany*. He was
fortunate, for a 1'arge patch of clouds cleared away
only ten minutes before the Titan occultation.
His central flash reached 3/4 of the star's full
unocculted bri1}iarice, the br@htest central flash of
which I am aware. Another German, Wolfgang Beisker,
trave}1ed to the south end of the Italian peninsula in
hopes of seeing the central flash (the final pre-

' diction called for the center line to cross Italy)
and to escape cloudcover, which hampered observers
from Rome to Frankfurt and in much of eastern Europe.
He photoelectrically recorded the occulta
tion, but had no central flash. Bode reports that at
least seven others in northern Germany recorded the
event automatically, most with photometers. At
Luebeck and Kiel in the northernmost part of Ger-
"many, the centra7 flash was much fainter than at
Hannover. Some observers reported a double central
flash, which may 'indicate that Titan's atmosphere is
oblate. !9akon Dahle, observing with a 20'-cm telescope
near Oslo, was the northernmost known observer, and
he"saw no central flash. The sky was clear and the
seeing was reasonably stable, in spite Crf
the 7 degree altitude. Only a little farther south,
Christer Qansson observed at Drums, Sweden (long.
12° 48!5 £, lat. +59° 26!3, h SO m) with a 25-em
telescope arid saw no central flash. Five other ob
servers farther to the southeast in Sweden reported
central flashes, according to Paul Schlyter's re
port. I do not yet have reports bounding the central
flash so well on the south. Marco Cavagna and Carlo
Gualdoni said skies were overcast at their main
observatory near Milan, Italy, so they drove to
Schattdcjrf, Switzerland (long. 8° 38' ]7" E., lat.
"46° 51' 38", h 450 m). where they observed the
occultation with 25-cm and lO-cm telescopes; they saw
no central flash. University of Arizona teams made
photoelectric recordings of the main occultation with
portable equipment in northern Israel and at
the Vatican Observatory. The Vatican data were
obtained through clouds.

*Hans Bode had used my complete video system with his
20-cm portable telescope to videorecord about 30
occultations of stars as faint as mag. 10.6 during
the Praesepe passage on june 7, with help from Joseph
CamiMti, at Furci Siculo, Sicily. I had sent the
equipment earlier by air cargo, with instructions for
Its use, which turned out to be much less expensive
than if I had gone there myself, in spite of a few
intercontinental telephone calls to clarify
the instructions. During the Praesepe passage, he
fortuitously recorded a bright meteor that passed
close to the Moon.

PAPER ON THE 1983 MAY 29TH PALLAS OCCULTATION

David Id. Dunham ..""

Joan and I are still working on the paper on analy-
sis of the May 1983 occultation of 1 Vulpeculae by

(2) Pa11as, and this issue of o.n. was delayed
somewhat to further this important, overdue work.
We have reanalyzed the observations following
several corrections that were reported following
distribu
tion of the first draft last August (the new
solution changed very little from the previous
ones).
One of the most important corrections was Don Stotz'
refinement of the longitude and latitude of the
observer of the occujtation who timed the
northernmost chord. Stotz also reported his own
miss observation
of the occultation, and he turns out to have been
closer to the northern limit than any of the others
who watched 1 Vulpeculae and saw no occultation. I
have written a section on the 3-dimensiona1 shape of
Pallas. we still have relatively minor changes to
make before submitting the paper, including
incorporation of information about the star and
calcula
tions of Pa1]as' albedo. We still have not received
a couple of photoelectric traces that we requested.
Sometime late in August, after thelunar eclipse on the
17th, we will complete the paperand submit it,
and also send copies of the preprint to coauthors.

THE 1989 FEBRUARY 20 LUNAR ECLIPSE STAR FIELD

'I
Steven j. Hutcheon "

While waiting up for the February 12th appulse of
(106) Dione I checked the star field in the o.n.
supplement for the February 20th lunar eclipse
(89 FES). The notes below follow in order of the
list of discrepancies (89FES-1, 2, 3).

1. Two stars shown as small pluses near RA. 10h
17m Dec. "1)°0. Nothing seen at either position
(limit 14.5mj.

2. The third star shown as a small pIus just
soUth of ZC 1506 was visible at 12m.

3. The star marked as V? was seen at 14m.
4. The star listed as 3.3m in the AC was seen at

13m, the value that was used in the L-catalog.
5. The p0$$ibje large pruper motion star south-

west of V?. There was a 13m star at both the TVMA
and AC positions.

6. The possible large proper motion star just
east of X15268. There was a 13m star only at the AC
position.

7. The BD "12° 2192 problem. Both the 10.5m and
12.3m stars were present in the positions plotted.

These corrections indicate that a few minor modifi-
cations should be made to the charts in the 89FES,
but the only changes that need to be made to the L-
catalog are that the "spectral types" MNH and MNE
indicating possible large proper motion should be
removed from L07779 and L07963, respectively.

[Ed: The 89FES was sent only to those in the region
of visibility of the eclipse.]

ASTRONOMY AND PERSONAL COMPUTERS

Joan Bixby Dunham

Sorting: Sorting is a function with almost univer-
sal application for all users of computers. In as-
tronotqy, sorting is done to organize data about
stars. we can sort by declination, by constellation
name, by right ascension, or, like the SAD catalog,
by right ascension within zones of declination.
Providing users with orderly lists or tables of data
is a function computers do very well. A number of
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different algorithms are available to ease the com-
putational burden of sorting. Some of these are
better when the set of data to be sorted is very
large, others work better when the data set is some-
what smaller, but still larger than something we
would want to do by hand.

Straight insertion: This is the simplest method,
and should be familiar to anyone who ever organized
a hand of bridge or placed a month's worth of can-
celed checks in order by check number. The algo-
rithm is to take each item one at a time and inove it
into the right place with respect to all the others
which have been sorted. That is, the second is
placed before or after the first, the third where it
fits relative to the first and second, and so forth.
If there are N objects to sort, this method requires
N*N comparisons. This becomes cumbersome very
quickly, and is not recomnended for sorts of mre
than 50 objects.

Shell's method: The Shell sorting technique is to
divide the data to be sorted into smaller groups,
sort the smaller data sets by insertion, then com-
bine the small groups into larger groups and sort,
and continue combining and sorting until the final
sorted group is the entire data set. For example,
if there are N objects, the first step could be to
divide the data into N/2 groups of 2, order them,
divide the data into groups of 4 by combining adja-
ccRt pairs, sort them, and so on. These first pre-
liminary sorts allow the final sort to proceed more
efficiently, since the subsets of data are a}] in
order. The Shell technique requires fewer compari-
sons than the straight insertion. In theory, the
worst case Shel] sort takes N to the power.2/3 com-
parisons.

Heapsort: The heapsort is a more complicated method
to explain, but is a favorite technique of several
texts on numerical analysis. This technique organ-
izes the data into a heap, or a binary tree. This
is a hierarchy that can be diagrammed like an organ-
ization chart or a pyramid. The highest data point
is on top (the company president), with connections
to points on the next lower levels (the vice presi-
dents), which are themselves connected to the next
level lower, and so on. A data point (or person) in
the middle has an upward path by traveling along
those connections. If the top point is removed, the
organization is shuffled following strict rules of
promotion so that the next highest point is now on
top. The sorting is done by first creating the heap
and then pulling off the top points one at a time,
promoting members of the heap so that the highest is
always on top. More bookkeeping is required for a
heapsort than for the simpler sorts, but the total
number of comparisons required is fewer, of the or-
der on N 7ogN for the worst case analysis.

Quicksort: The quicksort algorithm is somewhat of a
reverse Shell sort method. The data are split into
the half above the middle and the half below. New
middle values are determined for each half, and then
each is again split into those above and below their
midpoints. This repeats until the entire set of da-
ta is sorted. This technique is also a favorite of
many. For N data points, the quicksort technique
performs 2N logN comparisons or average. However,
the number of comparisons in the worst case is N*N,
the same as the simple straight insertion method.

Bucket sort: In bucket sorts, data are first sorted
into bins and then each bin is sorted. One example
of bucket-sorted data is a star catalog organized by
declination zones. In preparing such a catalog, the
star data are first sorted in the buckets represent-
ing the declination zones. Then, each zone is sort-
ed by right ascension. The Smithsonian Astrophysi-
cal catalog, for example, presents the stars in dec-
lination zones of ID degrees. This is a good way to
handle vo)uminous data, particularly when it is not
necessary to recombine the buckets into one gigantic
data set at the end. It works best if the bucket
design distributes the data evenly among the bins.
An example of a bucket sort would be one of sorting
a year's worth of observations taken by time using
the month as a bucket. If the observations are
evenly spaced, this produces 12 bins each approxi-
mately a twelfth the size of the original data set.
If al] the data were taken in October, this would
produce ]1 empty bins, and one with all the data.

Furbher information on sorting is available in many
numerical analysis textbooks. Two which present
computer algorithms are Numerical Recipes, 1Ahi11iam
H. Press et. al., Cambridge University Press, 1986
(diskettes of FORTRAN or Pascal source for the exam-
ples are sold separately), arid Computer Algorithms,
Sara Baase, Addison-Wesley, 1978.

Sources for Software; On Astronomy Day last spring,
I demonstrated the use of a half-dozen pieces of
software which generate star fields or plots of so-
lar system objects for viewing at a given time and
location. Al] but one of these programs are non-
comiercia1, user-distributed software. (The commer-
cial package is not on the market yet.) These pro-
grams have been gathered through BBSS, user groups,
friends, or direct purchases from the author. The
following lists places where I have found astronomy
software, and where you might start.

- Bulletin Board Systems (BBSS). Names and numbers
for BBSS are available from user groups and BBSs
themselves. Listings that give the purposes for
the BBSS are best; recent lists I have received
tend to state just their names and the bulletin
board software they use.

- Distributors of shareware, user-supported soft-
ware, etc. My favorite is PC SIG, 10300 East
Duane Avenue, Sunnyvale, CA 94086. This is a
membership organization ($39/yr) which has more
than 1000 diskettes of software distributed at
$6/diskette. Deep Space is on diskettes 866 and
867, Starmap on diskette 83, Planets on diskette
298, Starfind on 447. Individual diskettes are
sold to those who do not want the membership.

- Sky and Telescope and Astronomy both publish
small program listings, and have many ads for
computer software.

Computer Languages: Computer programers comanded
the first computers fn machine code, strings of num-
bers (in binary or octal) that directed the machines
to perform computations, retrieve input, and store
results. Machine code is hard to read and difficult
to write. Every step of the computations must be
specified - fetch a value from memory, store it in
an arithmetic register, operate on the register,
store the result to memory. Computer languages were
developed to ease the chore of software writing, as
well as to make the programs hardware independent.
The foIIowing are some of the languages available



303

for persona} computers today.

Assembly languages were the first computer languag-
es, developed to assemble machine code that could
then be linked into executable programs. While cur-
rent assemblers are tremendously improved over their
predecessors, they are still difficult to use and
are very hardware-specific. These languages are
still used today for times when processing speed or
computer memory limitations are such that absolutely
nothing else will do,

BASIC is the most widely used computer language to-
day. It suffers from lack of standardization, so
that software written for one vendor's BASIC may not
run under another's. [t also lacks the glamor of
the "real" computer languages, This is usually the
language of choice for the occasional programner.
It is easy to use, virtually every PC can run some
version of BASIC, and there are hundreds of books on
"how-to."

Pascal is a language originally developed by Wirth
for teaching good pr%raming practices. It has
been extended and modified from the original, and is
the favorite language of many pmgranners for scien-
tific applications. There are many books on how to
program in Pascal, but not the hundreds we find for
BASIC.

FORTRAN was developed (by IBM) to translate scien-
tific formulae into computer code. It is very wide-
ly used, and has been standardized to reduce the
problems for moving programs from one machine and
vendor to another. There are a few books on pro-
gramming in FORTRAN. It is considered a difficult
language to learn.

C is midway between assembler and Pascal. It allows
more control over the computer hardware than Pascal,
but is not as difficult to use as assembler. Using
C can be tricky, but it is quite popular for micro-
computers. There are almost as many books on C as
there are on Pascal.

In addition to these languages, the major ones avail-
able for the PC, there are also programing capabil-
ities offered within many major programs. OBase is

"one of the best known examples. It has its own set
of comriands that form a language that can be used to
manipulate data and prepare reports. Spreadsheet
programs, such as Lotus ]-2-3, also have these capa-
bilities.

SOLAR SYSTEM OCCULTATIONS DURING 1989

David W. Dunham j

This is a continuation of the article with the same
title starting in O.n. 4 (IQ), p. 244 and continued
on from p. 288 of the last issue.

Report on priority Events; March 12th Bamberga and

May 26th Emita Events Observed. A list of priority
events for astrometric improvement and concerted ob-
servational improvement was given on p. 276 of the
last issue. In that list, the only event before ju-
ly for which "last-minute" astrometry was obtained,
were William Penha11ow'$ observations for the March
18th Bamberga occultation. Referring to the map on
p. 278 of the last issue, the updated path shift was
0!'2 south, with an uncertainty of ±0!'2. If a star

position, provided by Arnold Klemola measured from a
plate taken at Lick Observatory a few years ago, was
used with Penha11ow's asteroid position, the new
path would have been another 0!'2 south. I tele-
phoned many regional and local coordinators in the
uncertainty zone, but cloudy skies, especially along
both coasts, prevented many observations. The qc-
cultation was recorded photoelectrically at Lowell
Observatory, and two IOTA members, Ernest Kopp1 and
Leo We11ner, timed short chords visually in Albu-
querque, nm. Those are the only known positive re-
ports, which show that the northern limit was just
north of Albuquerque with the path center at about
0!'42 south. I videorecorded the appulse from Green-
belt, MD, and received several other negative re-
ports·. More details will be given in d. Stam's re-
port for early 1989 in a later issue. A preliminary
report of the july 3rd occultation of 28 Sagittarii
by Saturn and Ti'tan is on page 299.

No updates were obtained for the occultation of SAD
119809 by (481) Emita on May 26th, but my nominal
?ath shown on the regional map on p. 280 of the last
Issue turned out to be very accurate. Peter Manly
videorecorded a miss from Tempe, AZ, a southeastern
suburb of Phoenix, but he reports that a short oc-
cultation was videorecorded at Palo Verde Observato-
ry on the north side o:F town. This fixes the south-
ern limit at about 0!'08 S, so the northern limit
should have been only 0!'01 S of the nomina? (D)
line, At least one other dserver farther north in
Arizona visually timed the occultation, so a diame-
ter estimate should be possible. The northern limit
should have crossed San Diego, CA; Ottawa, Ont.; and
Montreal, Que.; while Kansas City and Detroit were
crossed by the southern limit; the event should have
been nearly central in Topeka, KS; Chicago, TL; and
Toronto, Ont., but the only positive reports of
which I am aware are those from Arizona.

Updates for August C'ccultations by (216) Kleopatra
and (4) vesta. [Note: Since this Issue will prob-
ably be distributed after these events, a copy of
this section was enclosed with the mailing for the
August 17th lunar eclipse noted on p. 290.] Astro-
metric plates were taken at Lick Observatory on July
8th and july 29th, and were measured by Arnold Klem-
ola to improve the predictions for the Kleopatra and
Vesta occultations on the 14th and 19th. The updat-
ed paths for these events, amounting to ]!'4 north
for Kleopatra and 0?3 north for Vesta, are shown on
SOma's updated world maps on p. 309. The unusually
large shift for Kleopatra was mainly due to error in
the AGK3 star position; unfortunately, the star is
too far from the ecliptic to be in either the ZZ87
or Lick Voyager catalogs. The correction to the or-
bit was also significant, so Edwin Coffin will try
to improve it. The Vesta event was discussed on p.
271 of the last issue; see p. 277 for a note about
Kleopatra. Finder charts for the events are on pag-
es 21 and 22 of the q.n. 1989 Asteroidal CCcultation
supplement. Cali the IOTA occultation line at (301)
474-4945 to learn about the astrometry and updated
observing plans.

The new path for Kieopatra passes over Juneau, AK,
and between White Horse, Yukon, and Fort Nelson in
the northeast corner of British Columbia. This path
is rather far from any IOTA members; as far as I
know, nobody is planning to observe it. I have per-
formed a Search for future Kleopatra events, and
found good possibilities for the USA on ]990 Sept.
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Stephen O'Meara (Sky and Telescope) contacted theEarthwatch Society about organizing volunteers to go

% U
1
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to the Galapagos Islands to ob-
serve the Vesta occul tation, as
wei] as the lunar eclipse 2 days
before. He was encouraged to pro-
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pose, with the possibility for funding from them for two organizers to
go to the Galapagos. O'Meara worked out the logistics while I wrote
the scientific justification arjd observing techniques; our detailed
proposal was submitted in early June. But then there were delays in
reviewing the proposal at Earthwatch. In early July, they said they
really liked the proposaT, and would like to fund something like this
in the future, but that there just wasn't time for them to implement
it. In the meantime, Edwin Coffin has found a rather good occuitation
of a 7th-mag. star by Vesta on 1991 jan. 3, and I calculated the path
with ZZ87 star data, giving a nearly north-south pass over Minnesota
and Florida. I also found an occultation of a 6th-mag. star visible
from the Seychelles in March 2000, but with a solar elongation of 72°,
not ideal for astrometry.
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in the last issue. SOma's world maps are published
event is not included in Edwin Coffin's predictions;
mag. 8.0 or brighter; or if the star is double, and
line showing the second component on SOma's map.
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Oct. 13: A new orbit for (19) Fortuna has been used; see pages 273:
275 of the last issue.

Oct. }5: Patroclus is a Trojan asteroid.

Oct. 19, Venus and SAD 184567: Venus wilt be 59% sunlit. The disap-
pearance will be on the dark side, as will be the case for ail other
Venus occultations during the rest of ]989.

Oct. 22:. The star is Aitken's Double Star (ADS) 10359. The 10.6-mag.
companion, 15!'3 away in position angle (PA.) 151°, will not be oc-
culted.

Oct. 23: A new orbit for (521) Brixia has been used; see pages 273-
275 of the last issue. The old orbit gave a more southerly path,
shown on p. 70 of the January issue of Sky and Telescope.

Nov. 3 (both): Venus will be 52% sunlit.

Nov. 18, (43) Ariadne and SAD 77021: The star has an angular diameter
of 0@048, requiring 0.5 second for a central occuitation.

Nov. 23: Venus will be 41% sunlit.

Nov. 26, Saturn: The duration calculation used the equatorial diame-
ter of Saturn, and does not include the rings.

Nov. 27: The star has an angular diameter of 0'.'0006, requiring 0.6
second for the edge of the asteroid to cover for a central occulta-
tion.

Nov. 30: Venus will be 37% sunlit.

Dec. 2: Hello's orbit has not been updated recently, so the path is
quite uncertain.

Dec. 4, Mars and SAD 159122: The star is 26 Librae = ZC 2182. Mars
will be 99% sunlit and will have no significant defect of illumina-
tion.

Dec. 9, (449) Hamburga and SAD 93075: The star has an angular diame-
ter of 01'0005, requiring 0.09 second for the edge of the asteroid to
cover for a central occultation. Hamburga may be observed by the CRAF
spacecraft on its way to Comet Kopff.

Dec. 9, (168) Sibylla and SAD 96055: The star has an angular diameter
of 0!'0005, requiring 0.07 second for the edge of the asteroid to cover
for a central occultation.
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Dec. 13: Diming by jupiter's
ring might be seen near the cen-
tral line.

Dec. 13, (369) Aerea and SAD
111234: The star has an angular
diameter of 0!'0006, requiring 0.08
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second for the edge of the asteroid to cover for a central occulta-
tion.

Dec. 15, (12) Victoria and B.D. +0° 4890: The AGK3 catalog gives a
photographic magnitude of 10.7, which was used for the local circum-
stance predictions. But with a spectral type of M2, the star is quite
red, so that the visual magnitude must be much brighter, which is con-
firmed by the fact that the star is in the B.D. Consequently, for the
table, I have used mag. 9.0.

Dec. 15, Venus: Venus will be 25% sunlit.

Dec. 20, P/SM-\AM-1: The occulting object is the massive periodic com-
et Schwassmann-Wachmann-l; its diameter is unknown.

Dec. 21: Arnold Klemola has supplied an improved position for the
star measured from a 1979 Lick plate, which indicates a 0!'34 north
shift from the data used for the local circumstance calculations, with
a time correction of 1.0 minute late. The new position has been used
for the table and for the path shown on the map of Europe and Africa
for December events. However, see the note for the Dec. 2nd occulta-
tion.
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IOTA PLANS TO OBSERVE UPCOMING SOLAR ECLIPSES

David hi, Dunham

Total Eclipse, 1990 july 22, Problems with this
eclipse are described by Edward Brooks in his arti-
cle on p. 138 of the 1988 August issue of Sky and
Telescope. Two IOTA efforts are planned for this
eclipse, one to southern Finland by IOTA/ES and the
other to northern siberia with Soviet astronomers.
If you are interested in joining the JOTA/ES effort,
contact Hans-joachim Bode at the address on p. 289
or telephone him in Hannover, German Federal Repub-
lic, at 49-51]-424696. The 1990 ESOP meeting will
probably be held in Finland just before or after the
eclipse.

The entire eclipse path in the Soviet Union is re-
stricted for travel by foreigners. However, Nicko-
lai Kuznetsov, Foreign Relations Department of the
Astronomical Council of the Academy of Sciences of
the U.S.S.R. (see p. 295), is coordinating all re-
quests by foreign groups and individuals who want to
observe the eclipse in the U.S.S.R., and so far,
these requests have been reviewed favorably and none
have yet been denied. I said that American IOTA mem-
bers would work with the Kiev University Observatory
expedition, which will also observe near the path
edges to try to measure the solar diameter, perhaps
in the Tayrqyr Peninsula area. But Kuznetsov indi-
cated a region farther east, near Cherskiy, as a re-
gion likely for foreign observers. He said that the
mosquitoes and other insects in northern Siberia in
july are so fierce that netting and tents do not
provide adequate shelter, so he is trying to locate
buildings where observers could stay during the
nights just before and/or just after the eclipse.
Since there are not very many buildings, observers
may need to be spread over a considerable distance
in longitude. Kuznetsov is visiting the eclipse
zone this sumer to work out as much of the Jogis-
tics as possible. He notes that the fare on Aero-
flot from Moscow to Magadan and return is 500 ru-
bles, and that a helicopter that holds about 10 peo-
ple and their supplies rents for 750 rubles an hour.
Americans could save considerable costs by flying
from Alaska direct to Siberia. Alaskan Airlines is
working on arrangements for this, with some flights
from Nome to Provideniya, that may start this sum-
mer, and are expected to be operating semi-regularly
next sumer. If this can be arranged, Aeroflot has
flights front Provideniya to Magadan and to Anadyr.
Anadyr is quite close to the eclipse path.

If you are interested in taking a chance with the
ciowis for a most unusual eclipse outing to Siberia,
send me your name and that of others who may accom-
pany you, along with a list of equipment (with seri-
al numbers) that you plan to bring (see start of.
IOTA NEWS for my address and phone). Try to do this
within a month of the postmark of this 'issue, so
that I can send (or hand-deliver in October) compre-
hensive information to Kuznetsov, who in turn needs
it soon to work out the logistics and customs clear-

ance.

Annular Eclipse, 1991 january IS: This eclipse will

be visible just after sunrise in the southwestern
corner of Australia. The altitude will be higher in
Tasmania, and higher still in New Zealand. David
Herald, ldoden, A.C.T., will probably coordinate the
activities in Australia, while Graham Blow will
likely coordinate observations at both limits in New
Zealand. Paul Maley is working on arrangements to
observe from New Zealand; contact him at 15807
Brookvilla; Houston, TX 77059; phone 713,488-6871 if
you are interested in participating. I notice that
a very favorable occultation of a 9th-mag. star by
(216) Kleopatra that should be visible from a large
part of the U.S.A. will take place 3.2 days after
the eclipse.

Total Eclipse, 1991 july ii: This eclipse has un-
derstandably generated much interest, with most ob-
servers heading for Hawaii and Baja California. I
understand that all of the hotel rooms in Baja have
already been reserved by various travel agencies,
and accomodations in Hawaii are also going fast. I
have not heard of anyone planning to attempt IOTA's
path-edge observations of Baily's beads for solar
diameter measurement from Hawaii, other than some
Australian members, who will get as close to the
limits as they can there. If you are intersted in
joining that effort, contact me or David Herald,
P.0. Box 254; 1Aoden, A.C.T. 2606; Australia; tele-
phone 61-62-319214. Steve Edberg is organizing an
international amateur convention to be held in La
Paz, Baja California, before the eclipse. If anyone
going to Baja (joining one of the groups that have
reserved ail of' the hotel rooms, or planning to camp
out there) is interested in observing Baily's beads
from locations near the northern limit, I would be
interested in hearing from him. I have detailed
maps of the areas crossed by the northern limit in
Baja,

IOTA'S main effort will be from the Mexican mainland
Pacific coast, where weather prospects are still
rather good (about 25% cloudcover, much of which is
convective and would likely dissipate as the Sun is
covered). This is the first area where the southern
limit can be reached on land, near Puerto Va11arta.
We will hold an international IOTA convention in
Puerto Va1]arta july 8 and 9; it might be joined by
an E50P meeting. puerto Va11arta is a major resort
with many hotels, so securing accommodations should
not be as difficult as in Baja California. We have
not yet contacted any travel agencies for airline
connections, hotels, and rental cars, but will start
working on these details soon, and will announce
them when they are determined. The northern limit
passes near Mazatlan, so northern-limit observers
may want to stay there on july 10 and 11. A good
Pleiades passage will be visible from Mexico the
morning of july 8th, so travellers should plan to
arrive no later than the 7th. I have not had time
to calculate predictions or graze paths for the pas-
sage yet, which could affect just where we want to
be during that event. If you are interested in
joining IOTA's effort for this eclipse, contact Paul
Maley, address and phone given above. We will also
be working with Guillermo Ma11en in Mexico City for
this eclipse.
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