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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.





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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1987
1109
1228
1988
0214
0425
0531
0815
0905
0915
102]
1029
1129
1130V
1130\/
7205
1215
1220
]989
0114
0124
0131
0201
0215
0228
0311
om
0313
0314
0316
0316
0316
0318
041]
0411
0411
0412
0413
0501
0513
0529
0529

0948 4.4 84- 4N Keith. S.Austrl. 1 1 2 ]5 jim Bkmksby
0166 6.9 61+ 14S Patchw11k,Austr1 1 4 1 15 Jim BJanksby

187672 7.2 12- 12S
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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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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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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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
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27 (CA to KV) and ]991 jan. 19 (bill to MD), and on and AC data, so I have asked Arnold Klemola to im-7990 Dec. 12 and 25 in the Atcama Desert just north prove the stellar data with existing Lick plates.of Cerro TO?O1O Interamerican Obs., Chile. Butthese predictions are based on relatively poor AGK3 The new path for Vesta straddles the Colombia-Ecua-

dor border and crosses the northern Amazon basin.
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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;
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line showing the second component on SOma's map.

Notes about individual Events.

these months are
6 months of 1989

here only if the
or if the star is

I have drawn a
m

Lu =
U'J

P
o

s
s
ib

le
 A

re
a

V U)

· X n-
m Q Q) ·m

U = m
-m L) + ©
L. ·m -J 3:

cn 4- +' Lk. ¢1$
+· < CJ m +=
© L. Cl ·aC ·-
= · <E +¢0 E
a. * = · L. -¢>-·
m · S- © 4- · m

a.. C q)-m<m U
Cl. > qj ·m

·F m cU C = S-
= m +C k- + Q)

+- ·r- ·m cµ mc in or K7 = -— E
m<e n c+no ·

2 .2982"i
m U}QCjU7 tn< g;

M r"^¢"j0mr^yr^'jocjen'ncow
m mmCOC'j mc'7_C\jr- CkjmOj
O
·r-4- ~_'q"LnGjwcooc>N—«jcvo
+'m ¢\j~m~c\jm mc4ej¢>j—C\j—
m
+J L cn
— = cncnr-r^oo<~mcv^^mw
== mm ^ ~~ m
¢J
u e ¢m~cno¢—men¢ocqLcjenm
D<j · · · · · · · · · ·0 · · ·

c")cj——cj~m~e'j^j ·O¢'jlq

. r··^c)«^c^c"jOcn©chLc^Dajm
c.) m"m'—c\jm" le)— cv lc>c'jlc>
qj Q
cj <ncnmc4Lr)com¢ncOo¢cjom

<-< I Kjm I r—mc'jN I c'j—

8 '
cLm @cjcvM-mtD^coKDQ—~0Qo

Ei)o'mc\jmmmr7+~—<<vm©

· Lr)LQcnlr)¶T LnLnLn·m" m"
< =

<c · <wmNLnlmmLc>u^n<u7m
e rat ~cn1 — m

A Ec,, 2222 &
"d ""¶wT¶¶¶TF,r222

m———OOChmojcjmcvom
mmmm mm r"

V) O ¢> LD^ ~
= ID ¢\J= LO

S or CJCO mm crjq r-
cq ·±UJ iSl

cj'^»mcr^rn£^nLnr~m~<<·co
= ¢\jcQcvm+¶TKDtcnLnH¢¢m

f-<c QQ~T~o~mo0mko~a\m
$ t 0 0 B » a 0 D B 0 e B m

<1 ¢\j¢\jm¢nmm¢ncn~~m<nmt
ljj

abQl¢">eQN¶Tmeq'cjcmocn«cn
E b D * a B 6 q b a b W q g W

= i mmm¢\joNcumNmwt¢'jN
~ tm~ ~~~m~ ~mm

<1 m
±: elS 5

_1 =+' C W S.
0 w aj t m cn o d:.e d) vj
E —m W a)~ OiOCj.O © 0 0 © ©

CL. © OOO0(JQ qj Gm qj JbE * k-.O 3mm
= ar 0~© 0 0'r cn d » (i) cl: :j=

<<o.jc»=v7Q.m=cj==G

t LO Ch— CDcrjm" Qj
eu rsi tc>m [jOt— ~
la el) E t I I { I I I
S- E cxjLrjc"jc»~LsjLn~=en©
4J·m cnq¢nm«LnLn«u)0om"oc4
>1— .=
m _cnmuj^jtomm<"m~m
G Crj
=

mujCjO¢=mc\UQ·<"Lc^O~QO=
c^uj ——C\JCYI^J~C'UC'JCVCQC'J~~W
cOl—
Crb< G) Ci cj U G.) U <j U U U U G) Q i.)
m¢=b a; qj 0 al 0 0 cl} cij aj cl) ell lib 0 Cl)

==mcjm=m=m=o=m=

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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