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A COMPARISON OF USNO VERSIONS
FOR GRAZES

David W. Dunham

[ have made some falrly extensive com-
parisons of USN} versions 78A and ear-
lier versions {75G, 75H, 76A, and 76B)
for graze predictions. The comparisons
involved both grazes which have been
cbserved and have had reduction pro-
files drawn during the past few years,
and a large set of predicted data. The
computed height differences for the
observed grazes, invplving mainly
brighter stars with good star posf-
tions, were generally quite small, us-
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ually less than 0'2. This indicates
that the 78A system of ephemerides and
carrections are basically rather simi-
lar to earlier versions, so that no
extensive changes to the ACLPPP empir-
ical corrections are needed. MHowever,
the observations seem to show that the
ACLPPP north-shift corrections applied
to northern-1imit grazes for large
positive latitude Tibrations are gen-
erally toc large and should be re-
duced; the computors will be not{fied
to make the appropriate changes soan.

There are large differences for some
grazes due to the changed (apparently
improved) 78A star positions. Note
that the cnly improvement over earlier
versions for stars sputh of declina-
tion -3° are for Perth 70 stars. Some
non-Perth 70 stars south of -3° stfll
use the relatively poor Z.C. or G.C.
positions, qraze predictions for them
might still be improved using Yale
catalog data. A list of these stars
might be published in a future issue
of o.#. In the meantime, for stars
south of declination -3° with position
sources listed as G.C. or I.C., you
can learn whether the star {s in Perth
70 {in which case, the 78A data are
the best possible since they use Perth
70} or not by sending me a self-ad-
dressed card or envelope, with date,
USK) reference number, and P.A. of
graze, 1f three or more stations are
planned to observe it. If the star fis
in Perth 70, as most should be, 1 will
simply indicate this in my reply. If
the star s not in Perth 70, 1 wil)
hand the request over to Wayne Warren
or others, so that shift information
computed from Yale catalog data can be
computed and sent to you. Such re-
quests should be received at least
two, and preferably more than four,
weeks before the event.

Charles,

[Ed: Yolunteers still are needed, to
prepare sections af the Vol. I Index.
Please contact David Dunham.]

[OTA PHOTOELECTRIC OCCULTATION
ANALYSIS

David W. Dunham

Wayne Warren, Bill Stein, and [ re-
cently successfully tested a copy of
the University of Texas' TIMER3P pro-
gram on a CDC computer in Dahlgren,
Virginia, where Stein works. We will
try to analyze all high-speed digital
photoelectric occultation data col-
lected by 10TA members and sent to us
in suitable machine-readable form.
Format and data specificatfons can be

International QOccultation Timing Assocfation (I1.D.T.A.)
DaBoll, 6 N 106 White Oak Lane, St.

ITMinois 60174, U. S, A.

obtained from me. The final results of
the analysis will be Tisted in 2 form
ready for joint formal publication.
Unfortunately, the TIMERIP uses many
features (mainly, the sixty-bit word
size} available only on CDC machines,
50 that conversion to other types of
computers will take a large effort,
which will not be accomplished in the
near future.

SKYMAP
David W. Dunham

[Ed: This article was prepared for in-
clusion in an earlier 1ssue; 1t now
has been postponed so long that the
work probably has been completed.]

During the past couple of years, David
Gottlieb and coworkers at Computer
Sciences Corp. have crossreferenced
and merged vartous machine-readable
star catalogs to produce SKYMAP, a
catalog intended to be as complete as
possible to B and ¥ magnitude 9.0 with
the most accurate available informa-
tion on positions, magnitudes and col-
ors for each star. The primary purpose
for the catalog is for use with arti-
ficial satellites which determine
their precise orientation with star
sensors. The magnitudes and colors are
important as wel! as the positions
since the responses of different sen-
sors depend on these quantities. The
catalog has been more-or-less complet-
ed with over 255,000 stars whose posi-
tions have been obtained from the SAQ
AGK3, and Henry Draper catalogs. |If
photoalectric B and ¥ magnitudes are
not available for a given star, rea-
sonable values of B and ¥ are computed
from the star's visua)l magnitude, pho-
tographic magnitude, and/or spectral
type using complex algorithms. Because
of my experience with star catalogs
for occultation work, | have been ask-
ed to lead a task to "quality assure”
SKYMAP, using internal and external
catalog comparison checks for com-
pleteness and accuracy tests. [ will
be working quarter-time on this task
for the next couple of months with the
help of three others. One of the first
things T will do 1s crossreference
SKYMAP with USNO's SI catalog. The B
and ¥V magnitudes available from SKYMAP
will be useful for improving the SZ
magnitudes; they also can be used to
calculate an estimate of the star's
angular diameter, using the Warner
formula. This should eventually be in-
cluded in USNQ's total occultation
predictions for photoelectric obsery-
ers.
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OBSERVATIONAL PROBABILITIES AND STRATEGIES FOR OCCULTATIONS OF STARS BY MINOR PLANETS, by David W. Dunham

1. Probabilities

Last-minute astrometry has been at-
tempted to refine the predictions for

Date Minor Planet Star

1975 Jan 25 433 Eros
1977 Mar 5 & Kabe
1978 May 29 ¢ Pallas

« Geminorum
v Ceti A
SAD 85009
1978 Jun 7 532 Herculina SAD 120774
It appears that, in generai,
the prediction can be refined
to + 071 one or two days in ad-
vance via last-minute astrome-
try, when the star and minor

Second Table.

6 occultations by mfnor planets. The
refined predictions for 2 of these

passed over areas with no astronomers
and were not seen. The other 4 were

Predicted by

successfully observed from 2 or more
stations, the observations agreeing
with the refined prediction to about
021 or better in each case.

Astrometry by

8. Marsden A
D. Dunham R.
L. Wasserman L.
G. Taylor G.
0. Dunham M.

385 Minor Planets Selected.

ptanet are 1° or less apart and MIKOR PL. NO. STATIONS LIMITING MAGMITUDES
can be photographed on the same NO. DIAM 010 0.20 OPP. CONJ.
plate in the same local stellar KM 0P CN OP CN VIS PHOT VYIS PHOT
reference frame. This means

that, with last-minute astrome- 11020 3 4 4 6 6.7 9.9 B8.511.7
try, the quantity P {inverse 2 630 3 5 4 7 6,4 9.6 B.611.9
probability of seeing the 4 549 3 5 4 7 5.5 8.8 7.710.9
event, far possible errors of ¢+ J 248 4 B 613 7.110.3 9.512.7
1:0) which I have given in the F 210 4 8 614 7.010.2 9.612.8
tables of events in the last 10 450 4 6 610 9.4 12.6 11.014.2
two fssues, can be divided by 31333 4 7 612 9.312.5 11.2 14.4
ten. Expressed another way, the 324 251 4 7 512 7.811.0 10.513.7
number of statfons, N, needed 6§ 195 5 9 716 7.210.4 9.6 12.9
to ensure gbservation of n oc- 84 153 511 719 7.8131.1 10.513.7
cultation chords can be talcu- 12 135 512 821 8.411.6 11.014.3
lated as a function of P: N = 13 24 5 9 715 9.913.1 11.915.1
n{14P/10); ignore remainders. 15 246 5 8 714 7.410.7 9.612.9
Hence, for n = 2, N = 2{1+P/10), 16 252 5 9 815 9.112.3 10.9 14.1
so that for P = 9, K = 3 and 18 152 S 11 7219 7.510.7 10.2 13.4
for P = 10, N = 4, for a pre- 19 221 5 9 715 94126 11.7 14.9
diction accuracy of + 0%1. 1 41 177 510 817 9.312.5 11.7 14.9
have made a computer study, 45 228 5 9 816 10.513.7 12.3 15.6
calculating N for all minor §2 290 5 8 B4 9.913.1 11.5 14.8
planets when they are at fayvor- 54 177 510 818 10.213.4 12.315.6
able perihelic opposition (when 65 308 5 B B 14 11.214.5 12.7 16.0
they subtend a maximum angle as 88 207 5 9 816 9.8 13.0 11.815.0
seen from earth) for n = 2 and 89 169 510 818 9.112.4 11.4 14.6
n = 3 assuming different astro- 132 91 515 828 9471 hK 125158
metric accuracies. AlT minor 194 193 5 ¢ 716 9.. ..k '7.015.2
planets were printed for N < 216 219 5 9 715 9.012.2 1.7 l«.5
10, to see how many, and which 344 146 5 11 71% 9.272.4 11.9 151
planets are most promising for 372 2068 510 817 10.1 13.4 12.115.3
occultations., Oiameters of the 409 208 510 817 10.213.4 12.1 15.3
minor planets for this study 451 3 S5 B 713 10.914.2 12.515.8
were taken from “"Taxonomy of 511 341 5 7 712 9.712.9 11.4 4.6
Minor Planets," which will be 532 23 S5 9 715 8.4 1.6 10.4 11.7
published in rcarus later this jo4 339 5 7 712 9.6 12.9 11.4 14.7
year. Ted Bowell, one of the JAT 205 5 9 715 9.512.7 11.915.2
co-authors, sent me a pre-print 103 39 527 752 7.110.3 12.215.4
of the article; Ray Finkleman 5 122 614 1025 9.212.4 11.514.7
keypunched the data for me. The 9 153 61N 920 8.711.9 10.914.2
frequency of observable occul- 11 152 612 927 9.112.3 11.2 14.4

tatfons can be judged by the

fact that about one occultation of an
SAD or AGK3 star occurs for each minor
planet as seen somewhere on the
earth's surface dering a year. Star
positions accurate enough for search
purposes are available from the Astro-
graphic Catalogs for about ten times
as many stars, to mag. 12 as are in
the AGK3. The first 38 of 385 minor
planets selected for n = 3 and + 01
accuracy are listed in the second ta-
blte, where N is given for both perthe-
1ic OPposition and CoNjunction, for
accuracies of + OV and ¢+ 0Y2. Limit-
ing observable stellar magnitudes are
Jisted for perihelic OPPosition and
CONJunction for VISual observers (star
and asteroid magnitude equal} and
PHOToelectric observers {star 3.2 mag.
fainter than asteroid for a 5% inten-
sity drop 1f an occultation occurs).
If the number of chords, n, is only

reguired to be 2, 885 asteroids were
selected. [f the astrometric accuracy
is not as good, + 072, the numbers for
N < 10 are 281 selected for n = 2 and
90 for n = 1.

2. Astrometry

The Herculina event showed that ephem-
eris errors can be relatively large
for the higher-numbered asteroids. The
correctfons to R.A. and Dec. due to
errors in the orbital elements change
as the minor planet moves in its heldi-
ocentric orbit and as its geocentric
distance varies. The orbital elements
could be improved by re-analyzing all
available observations of the minor
planet, including several made in re-
cent years after the last solution was
made, a relatively large job for the
minor planet centers. This is the best

Number of Stations Needed to
Observe 3 Chords (up to 10 Stations) and Ob-
servable Limiting Stellar Magnitudes, for

Perihelion.

Upgren, Yan Vleck Observatory, Middletown, CT, 1 day befare
Harrington, USNO, Washington, DC, 2 days besfore

Wasserman, et al. Loweil and USNO, Flagstaff, AZ, 1 day before
Taylor, Royal Greemwich Observatory, Herstmonceux, J days before
Penhallow, Quonochontaug Obs., Quonochontaug, RI, 2 days before

tong-term solution, and continues to
be done for some objects as time goes
on. But more often, reasonably good
corrections can be obtained by obser-
vations 1 to 4 months before the oc-
cultation, to allow an improvement to
somewhat better than + 170. This would
be in time to alert observers by mail,
in case there were a significant
change 1n the expected path, as hap-
pened for Herculina. [ will call this
"early astrometry."

Last-minute astrometry (to achieve
0Y1 accuracy) is more difficult. The
number of observatories which can and
will do this is limited, and they may
a1l be clouded out during the critical
few days before the event. If the
elongation from the sun 1s small, es-
pecially when it 1s increasing (morn-
ing events), there may be no astromet-
ric opportunities. At least one South-
ern Hem{sphere observatory is needed;
at declinatfon -37°, Interamnia could
not be photographed for astrometric
purposes for the occultation in April.
Since resources are limited, last-min-
ute astrometry will need to be con-
fined to asterojds with larger angular
diameters which early astrometry indi-
cates will probably be visible from
areas with many photoelectric observ-
ers, or with many visual observers for
events with expected central durations
of about 5 seconds or greater (visual
timing accuracies become troublesome
for shorter occultations).

3. International Coordination

wWhen we have an improved ‘rediction a
day or so before the event, there is
then a problem in communicating tt to
observers, especially on a worldwide
basis. Prospective natiomal coordina-
tors in overseas countries should con-
tact me, giving U.T. hours when they
can be reached at home and/or office
telephones. If 17 "X massages can be
received, please s: 4 detalls to me or
to Gordon Taylor. Taylor can send
last-minute predictions by TELEX from
the Royal Greemwich Ohservatory, while
Wzyne Warren has arranged through the
National Space Science Data Center to
do this from Goddard Space Flight Cen-
ter in Greenbelt, MD. In case TELEX
commynication can not be arranged,
I0TA will, on a provisional basis, re-
imburse the personal costs to Gordon
Taylor or me for telephoning or send-
ing a telegram tc the national coordi-
nator in & country which will probably
be crossed by a minor planet occulta-
tton, according to the last-minute as-
trometry. IOTA's relatively good fi-
nanctal situation permits this in the
near future. We probably will seek
outside ald for such important inter-



ratigna: comrunications 1n the future,
when (0TA tyrdy are commtted to other
prozects, such as publication ang dis-
*rapution ot the long-delayed graze
manda'. A natianal coordinator receiv-
ing an updatec prediction shortly be-
frire a predicted occultation will be
weperted to try tooalert all IDTA mem-
bers in his country within the possi-
ble zone by telephone. If 10TA cover-
age in the area "5 sparse, he should
try Lo matiiy nthers in the area who
might be ab'e tc ohserve the event. If
the toordirator Tives in a small coun-
try, he may be asxed to notify nation-
al voordinators 'n adjacent countries
as we'l. Hons Bode will ne notified
for Furnpean everts, potential pation-
3l conrdinaturs for Furopean countries
shauld contact bim to receive last-
minute updates withir the framework of
the furopean section of T0TA. A simi-
Yar arranqement might e made for the
latin American section. If a regional
predicZion map has been distributed
{see PREDICTICHS OF OCCULTATIONS OF
STARS BY MINOR PLANETS on p. 165), a
telegram or TELEX message could be
quite brief. An example follows: 3
PLATES BY ARRINGTON USHO AUG 20 SHOW
PATH HEHCUL TNA AUG 22 CROSSES CEN.
CHILE, N. ARGENTINA REF. ON EN ESP.
B, P79, SHIFT 0.5N +-0.2, TIME 2
MIN. +-1 LARLY. Expanded, this would
be: "3 astrometric plates taken by
Harrington at USNQ on Aygust 20 show
that the path for the occultation by
Herculina an August ?2 probably will
cross central Chile and northern Ar-
gentina. Referencing the map in ocecul-
tation Newsletter on Fspafol (#8), p.
149, the expected path shift is 075
narth + "2, with the occultation oc-
curring & - 1 minutes earlier than the
predicted time."

4. Positioning Observers

When last-minute astrometry shows that
a minor planet occultation may occur
in your area, a5 many observers as
possible should be notified to try to
observe the event. Some can watch from
observatories and back-yard sites
across the metropolitan area in which
you live, but those with portable
equipment shauld he encouraged to
travel to rural sites well to the
north and south, to form an observing
fence. This would be similar to what
is being done during lunar grazing oc-
cultation expeditions, but on a larger
scale, with separations of several
kilometers betwsen stations. The sep-
aration between stations should be
dictatea by the number of available
partable observers and the total
north-soutn distance factually, dis-
tance measured perpendicylarly to the
expected pccultation path) to be cov-
ered. You might coordinate your plans
with abservers in other cities to pre-
vent redundancy; for example, your
northernmost abserver should not be
north of an gbserve- traveling south
from a city 190 km north of you. With
more nbservers fielded, more occulta-
tivn chords can be measured to obtain
the size and shape of the astercid
more accurately, and the chances of
record’n3 accultations by asterotdal
sateliites are increased ODue to the
pmossibility of seeing secondary occul-
tatinrs caused by asteroidal satal-
Tites, visual ubservers In the fence

should set up stations in pairs, with
the two stations of a pair separated
by 1 to 2 km, so that their timings
are independent. Although this doubles
the spacing in the fence, it is the
only way, except for photoelectric ob-
servation, to confirm observations of
small asteroidal satellites, via cein-
cidental timing of short secondary oc-
cultations. Due to the larger spacing
between observers, there is more free-
dom for selecting sites than one usu-
ally has for lunar grazes. Convenient
road intersections whose coordinates
can be accurately scaled from a de-
tailed map can be selected. If ground
foq or insects threaten, a high ridge
or hitltop site can be used. Converse-
ly, if the wind is blowing, observa-
tions can be made from a small valley
or from another location protected by
trees or buildings. Observers snould
be abie to specify their geographical
locations accurately, although posi-
tional accuracies are not as strin-
gent as for lunar events; an accuracy
of + 01 in Tatitude and longitude,
and + 200 meters !n hefght, i< usually
sufficient. Positions of photoelectric
stations should be specified more ac-
curately, so that the gecgraphical lo-
catton %5 known to an accuracy compar-
able to the photoelectric timing ac-
curacy multipifed by the transverse
velocity of the minor planet. The
transverse velocity can be ogbtained by
dividing the expected diameter of the
minor planet in km by the expected oc-
cultation duration.

If you do not receive word that iast-
minute astrometry shows the occulta-
tion to be probable in your area, it
means that either no last-minute as-
trometry was performed or that Jast-
minute astrometry shows that the oc-
cultation probably will not cccur in
your area. If you want to know which
is the case, you could find out by
telephoning either me or Gordon Taylor
at HMNAQ, but tn elfther case, you
probably would not want to make a ma-
jor effort, as described above. We
don't want observers to make a large
effort when the chances of making a
significant observation are very
small. But due to the possibility of
discovering satellites, at least rela-
tively easy back-yard chservations
should be attempted, hopefully with at
least one other ohserver in your clity
also watching, for confirmation, alse
encourage cbservation by those living
in extreme northern and southern sub-
urbs. For asteroids with diameters
arpund 700 km, satellites are possible
at distances of several thousand kilo-
meters, so that there is some possi-
bility of a secondary occultation at
all night locations on earth where the
star 1% above the horizon when the as-
teroid passes it. In practice, such
objects seem most likely within about
1000 &km or about + 1" of ?00-km aster-
oids. Early astrometry is more accur-
ate than this, so {f early astrometry
indicates that the event may cccur In
your area, observations definitely
should be planned. In this case, at
Jeast Vimited observing fences with
some stations in rural areas might pe
planned for asteroids with strang evi-
denca of satellites, incltuding (2]
Pallas, {6) Hebe, (433) fros, {532)
Herculina, and (624) Hektor.
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5. Observing Techniques and Recommen-
dations

Since transverse velocities generally
range from 10 to 40 km/sec., visual
observers should be very careful when
making timings, especially when estf-
mating personal equation [reaction
time plus any {usually negiigible)
equipment delay]. Timing methods used
for grazing occultations can he em-
pleyed;, as the occultation by Herculi-
na showed, observers should be pre-
pared to time more than two events,
and any interruptions during the ob-
serving period. The total chserving
duration should be about ten minutes
centered on the expected time of the
event. Plenty of time {a half hour or
more, depending on the distance from
bright, easily identified stars}
should be alliowed for Tocating the
star to be occulted. If the event oc-
curs at a low altitude 1n the east,
time will be limited, in which case,
the ster should be located some night
before the event so that it can be
found quickly through practice. This
15 also recommended for high-altitude
events, since on the night of the
event, time may run short for some un-
foreseen reason. Pay attention to Tow
altitude, twiltght, and cloudy condi-
tions which may change rapidly, wash-
ing out fainter stars used to recog-
nize the star field; this 15 a danger
mainly for telescopes without clock
drives. If the magnitude drop, am,
which occurs in case of an occulta-
tion, is 2.0 or greater, the event
probably will be easily recognizable
to visual observers. If the star's an-
gular dlameter §s large enough that
the fade it causes may be noticed vis-
wally, or 1f the star turns out to be
a previously unknown close double
which disappears in steps, a large ap-
erture would be advantageous. For am
less than 2.0, Gordon Taylor recom-
mends smaller-aperture telescopes in
which the minor planet {s not visible,
so that the coalesced image of the
star and asteroid will drop below the
visibility threshold 1f an occultation
occurs. In case of small am's, compar-
1son with nearby stars of about the
same brightness as the coalescad image
of asterpid and star-to-be-occulted
should help in visually recognizing
when an occultation occurs. The
brighter minor planats are generally
the bigger ones which could have sat-
ellites at greater distances, 170 or
more. For them, there ts a possibility
of a secondary occultation of the star
before 1ts image merges with that of
the asteroid, so that the secondary
occultation could be seen visually
while the am which would occur in case
of an occGltation by the minor planet
itself would be too small to see.

ANGULAR DIAMETERS OF STARS
T0 BE OLCULTED BY MINQOR PLANETS

David W. Dunham and
Wayne H. Warren, Jr.

[Ed: written in May, 1978, as part of
I0TA Special Bulletin #5)

Brian Warner derived a formuila for
computing approximate angular diame-
ters of stars from their photoelectric
B and ¥V magnitudes {mon. mot. Royal
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Astron. Soc.. 158, 1F, 1972}, We have
used it to compute the expected angu-
lar sizen of stars wh'ch are occulted
during the rest of this veear. For V,
we have used the photovisual megritude
as given in the SAQ cataley, wnile
values of E-¥ have been ohtained from
the spectrai types zocording to tanles
frepared by lavid Guitlieh ¥fur SKYMAP
{see p. 1&)). in the table urder piam
rrer, the calculated gnquler diameter
15 given firgst in milliseconds of arc
fm"}, second in terms of diffraction
fringe separation (df}, and Tast in
the form of the {time) it wii® idake to
tover the star in miilisecunds 1% the
occultaticn 15 central and if diffrac-
tion is iqrored. If &< is about 3 or
more, diffraction is not sign:ficant
and the occuliation of the star will
be essentially a ywometric deciine,
Fur values of df from 0.3 to 3, *he
diffraction pattern will be modified
enaugh that the stellar diameter could
be computed from an analysis of a gond
nuality bigh-speed photoelectric rec-
crd. If df ig less than 0.1, the dif-
fraction pattern will be modif ed <o
wlightly by the star's diameter that a
determination will Yikely not be pos-
sible witn even a good quality record,
but mote that =one of the stars in tne
table are this small {i.e., the diame-
ters of all are potentiaily measurable
from suitable occultation observa-
tigns). The largest <tar 15 SA0 2077
4, occulted on June 7; the star is
mag. 6.7, with spectral type MO, Since
it will take at least 0%3 to disappear
{or reappear), its fade will ne easily
noticed visually; there will be 3-km-
wide partial occultation zones at the
northern and southern occultation 1im-
its. Fading might also be noticed vis-
ually during the occultation by Metis
on July 12, especially if the occulta-
tion is not central. Photoelectric ob-
servaticns will most likely oe needed
to notice the effects of stellar diam-
eter for the other listed events. The
star which may be ccculted by Chiron
an July 24 {see p. 158) is not in 4 2
SA0, so its AGK2 number i5 given in-
stead. Other information about the oc-
cultations has been tabulated in o.n.,
1 {13 and 4}, pp. 134 and 142.

1978 Minor Diameter

Date Flanet 5AD # m" df time
Jun 7 Herculina 120774 2,40 710.9 306
Jul 12 Metis 55112 5039 1.5 106
Jul 17 Melpomene Ji6dd G.5€ 2.9 23
Jul 19 Lugenfa 140167 0.5 3.7 81
Jul 19 Juno 142G/0 012 0.6 13
Jul 24 Chiron +137203 0.0% 1.6 130
Aug 1 Cybele 33064 016 1.1 76
Aug 272 Hercyling 1405% 0.47 2.8 35
0-t 25 Victoria 161872 9.49 2 4 21
Oct 31 Palilas 1273y 200 0.7 B
Nov 4 Hygiea 187163 2.05 0.3 3
Nov 4 Vesta TE74°0 3.CH 04 4
Nov 17 Hygiea 187578 3.08 C.6 &
Nov 20 favida WGorse 31T 1 22
Dec & Amphitrite [4A78F 3.'7 0.8 ¢
Daz 1' Melpomene 114954 2,33 1.1 I3
Dec 11 Daphne Mreddy 9.vs b s @7

We are working to calcuiate angular
stellar diameters for USNOQ's luner oc-
cultation predictrons for photoelec-
tric nhservyers, using a 3-Y calibra-
tion whier 00 best suited for the
spectral types given in JSHO L 57 cat-
alog. A mesnaje wil® he printad if %qe

star has an angular diameter large
enough that it might be detected pno-
toetectrically during a lunar occulta-
tion, one arc millisecond or greater

OBSERVATIONS OF APPULSES
BY MINOR PLANETS

David W. Dunham

Unfortunately, bad weather prevented
eny astrometric observations of (15)
tunomia and 1 Cancri from being made
n the United States in January; ap-
varently for the same reason, 1 have
~eceived no reports of ghservations of
the appulse from North America. Mr. F.
van looy, Rayleigh, [ssax, [ngland,
observed Eunemia pass rear rthe compo-
nents of the *vipie star, n '’ thot
it passed north of B and C, as would
be expected from his location. Eunomia
was also seen at times between clouds
from Darmstadt, West Germany. Many ob-
servers were clouded out, including
Or. N. Wieth-Knudsen, who traveled to
Tatitude +64743" in Sweden, and Rich-
ard Nolthenius, who attempted gbhserva-
thwan from high in the mountains east
of San Diege, California, where £ Can-
¢ri would be scarcely more than 17
above the horizon. A coudle nf weeks
before, he had located the star at an
altitude of only 4° and noted *ts po-
sitfon with respect to the street
Tights of z distant desert town near
the horizon, since or the day of the
occultation, twilight would be strong.
Unfortunately, the edge of a layer of
clouds from an approaching storm
reached his eastern horizon only about
20 minutes before the appulse (and be-
fore the star rose). Richard also
wrote: "Set-up was hampered by a local
resident and her dog. She insisted on
telling us about her ouija board, UFD
experiences, and her ESP. Her huge dog
would not et our dea alone, apparent-
1y because {acccr. ‘s lady) it
got a big kick out ¢ 1., Feav.
ed’ by smaller dogs.”

A few days before the January 28th oc-
cultation by Iris, 1 received a notice
from Gorden Taylor giving @ new pre-
dicted track passing over Georgia, Ox-
Takoma, and northern California. He
noted a problem with the star's AGK3
position and indicated that the shift,
over 17 south of the original »redic-
tion, was largely dur to an improved
positicn for the star. 1 alerted many
observers in the new pessible area by
telephone, knowing that severe winter
storms wolld prevent manv of them from
receiving Taylor's bulletin in time.
Unfortunately, weather and pressing
other commitments oprevented astromet-
ric observations from being made from
the Unrted States, »napt far gne
plate that was obtained by Dennis Daw-
san at Van ¥leck Observatnry, Middle-
town, CT, the night before the evept
The plate was badly exposed by maon-
Tight, so that unfortunately the image
of the star was not measurable. Ten
hnurs hafore the event, Dawson tele-
phoned me h*s pozition of iris as com-
puted from his measures of the plate.

I used this pesition of Irig, and Tay-
Tor's position of the star, to compute
& new path orossing Necth Caroling,
Missouri, Colorado, and Washinoton,
but T knew that considerahle uncer -
tainty must remain sinoe thore were nn

simuttaneous astrometric ghservations
of the star and Iris. Checking with
the weather service showed that it was
{and would be) cloudy in tne North-
west, but mostly clear, especially to
the south, in most areas east of the
Rocky Mountains. Wayne Warren and 1
telephoned many observers in the cen-
tral and east-central parts of the
country, some after local midnight, to
inform them of the new prediction. We
alsn set up an ohyerying fence across
Virginia and M.irytand, a wide band of
clouds north of DC prevented observa-
tion from Maryland. All cbservers with
clear skies reported that the two oh-
jects merged arcund the predicted
time, but that it was virtually impos-
sible to tell whether an occultation
occurred since in fact the star was at
Teast (0.5 maq. fainter than Iris,
rather than 0.1 mag., as predicted. |
have received no reports of photoelec-
tric observations dyring the period
when an cccultation might have occur-
red. V¥isual reports have been sent by
the following: B. Bolster, Alexandria,
YA, W. Nissen, Quantico, YA; W. Stein,
Fredericksburg, YA, E. Velcheck, Rich-
mond, YA; M. Reynolds, Jacksonville,
FL, H. DaBoll, St. Charles, IL; 0.
Oids, Clinton, MS; 8. Hudgens, Clin-
ton, MS5; P. Asmus, Denver, (O, D. wal-
lentinsen, Albuguerque, MM; W. Mcrgan,
n. of Las VYegas, NV, £. Grayzeck, Las
Yegas, WN¥; and R. Nglthenius, San Die-
30. CA. 01ds noted a possible dimming
of about 0.3 mag. for 15 seconds
slightly outside the expected time in-
terval for a possible occultation, but
Hudgens, a more experienced observer
less than two miles away noticed no
dimming at the same, or other, times
during the observing perfod. An parly
report of separaticn being seen at
closest approach turned out to be from
an {nexperienced observer who was ham-
pered by partly cloudy skies; others
nearby using large teiescopes reported
merged images. DaBoll notes that the
sky cleared early enough that many of
re anproximately 2 dozen northern [1-
lincis and southern Wisconsin partici-
pants could have ohcarverd hut late
enougt that mo ;¥ thea had already
decided it was too cloudy to rry; one
of the three who actuallv followed the
star, F. Klicar, Lemont, , selinyeg
he saw clockwise rotation of the coa-
lesced image, which would mean that
Iris passed north of the star at his
location, but he described the seeing
as very poor, due to his line of sight
passing directly over a neighbor's
chimney. In a.  rent contradiction,
Hudgens in Missi. [’ 1d not tell
whether Tris passec .arth or south. I
suspect that the path i cross the
Hnited States somewhere, srobahly the
southern part, but we dor't know where
due to the faintness of the star mak-
tng viswal observations unreliable wnd
due to the lack of photoelectric data.
There were ¢irrus clouds at Wallentin-
sen's and Nolthenius' sites, making
the predicted ??° elongation of the
star from the moon a problem; variable
barkground glare from a lunar halo
hampered observations considerably
Nolthenius again had a bad experience
with a dog, or rather with what one
hai Teft in his path to the telescope
Problems were also caused by an an-
nouncement. sent to about 900 A<tronom
1cal D eague members giving the time of



the event a ‘f I rather than V}h.
anit the finder chart {see o.N.. I

f127, 13%; prepared from Atlas Eclip-
facalis FAE] L Ghee DBSAFVErS were Con-
funed by nther tary near the star to
b uerpltad of ahout the same hright-
resa, and (lawer to oot than any of the
tarn Lhown onoap. The AF has essen-
*tally *he qare stars as the SAOQ cata-
Inq, hat thne nerultted star, and the
wthery near it are AGKY tars that
are not in the SAD. The chart in Tay-
Tor's bulletin showed these stars, and
wds therefore superior, but it was not
a5 widely distribyted, and some re-
ceived it after the event. Iris was
hringhter than the unplotted stars, so
observers who et up before it merged
with AGKY +7° 1198 could see which
star would be occulted from lris' mo-
tion. [ can now produce finder charts
from the AGK3 by computer (although
these need to be anmotated before they
are suitable for publication), sc we
intend to publish these in o.N. OF
otherwise distribute them to I0TA mem-
bers for future occultations of AGK3
s*ars nnot oin SAN. The yisual mag. of
the star was converted from the photo-
graghic mayg. tn the AGE3, difficylt
for a spectral type KD star.

I went predictions for some occulta-
tinns of stars by minor planets which
occurred in february to observers in
the predicted areas of possible cccul-
tation. Onre of these was an occulta-
tion of SAD 100072 by (471) fapagena
which 1 predicted might occur in
southwestern Lurope on Feb. 13. Jean
Meeus wrote saying that it was probab-
1y cloudy in Belgium. Taylor distribu-
ted a bulletin, probably utilizing re-
cent astrometric data, with the pre-
dicted path crossing Africa, a shift

of aver 17 south from my prediction.

ATTEMPTS TC OBSERYE OTHER
OCCULTATIONS BY MINOR PLANETS

David W. Dunham

During 1978 February - April, some at-
tempts were made to observe other oc-
cultations by minor planets, but as
far as | know, no last-minute astrom-
etry was accomplished (except for Ves-
ta in March) and no conclustve obser-
vations were obtained.

1 sent a prediction for the occulta-
tion of SAQ 100072 by {471) Papagena
to Hans Bode n Germany, indicating
that there was some possibility for
the event ta occur in Furope. He tele-
phoned several observers, and the
event was manitored photoelectrically
at Hannover University, where no oc-
cultation occurred. Taylor issued a
prediction using the AGK3 position of
the star which showed that the path
crossed northern Africa.

Members of the QOccultation Section of
the Roval Astronomical Society of New
fealand tried two events in February,
one of AGRI +9° 1412 by (52} Europa on
the 1bth, and one of SAD 159250 by
{16} Fsyche on the 25th. Christchurch
wds within the path for the Furopa
syent | acoording to Tayvlor's predro-
tran, kit phataslactric ohservers
theep Rad ac csoogltatior, acco~ding to
Bor e Tt varnpd durcns the evert
R T e AL AR S A LR VT ST S

tions were better on the 25th at those
twe cities, from which no occultation
by Psyche was seen. A plate was taken
with a 16-inch Cassegrain at Carter
Observatory in Wellington, showing
that Psyche passed 0V7 south of SAQ
159250, implying that the path was
well south of New Zealand.

Photoelectric observers in Washington
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and western Canada were alerted when
plates taken March 17 and 18 at lowell
Cbservatory indicated a 0”8 north
shift for the March 22 occultation of
SAD 160266 by Vesta. Apparently, no
occultation occurred at the University
of Washington's observatory. There was
one gradual fading in the light curve
at the wrong time, almost certainly
due to a cloud.

PREDICTIONS OF QCCULTATIONS
OF STARS BY MINOR PLANETS

SAQ 187163 by Hygiea, 1978 Nov 4

See occultation Newsletter, 1 (18],
pp. 167-8, for a full explanation.

SAD 187470 by Vesta, 1978 Nov 9

Ogoalta%ym or SAD V51aTa by (123 ¥icterla, ¥ Qctober 09

Mameter 176 w3 = 07C 7

-0

Ueaultation of ku 140! ty 15'1) Davida, t578 Novemper 21

DMuzeter 323 sm = 0214

S

2.
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avid Herald

Pleane wend all reports of
noraltation, which are gh-
weryed o ootur outtide of
the accuracy range of the
ULNG) predic tions, to ne at PG
ftox 2%, Woden, AC.T. 2606,
Australia.

The accompanying tablte de-
tails recent observations
rdicating erroneous star

pasiticng, There are two 0B- }
servations I haye not in-

cluded ir this tahle, as

they wire “nosome doubt due

to ohweryimg canditions. The
tivet, oy DaRoil, involved

one ot YAD 33414750 The AGK3
pRwitions tor these stars differ sig-
nifycantly from SAG, but not enough to
Jive rise to the reported discrepancy.
Thee atRer, by Stockbauer, was of SAC
98360, recorded late fn & For this
star, AGKI 1ists a slightly greater
RA, but vt is not sufficient to ex-
plain the abservation, which in any

Ugcultmty-:

S ‘y(ﬂ]‘
. £ e
R ! it

W ! "
SAU T907HZ by Davoda, 1978 Nov 21
c 4aw 197575 hy {10) Hyelen. 147H Soreahar 17

Maratar 450 ¥n 7 0I1E

-10°

SAD 146788 by Amphitrite, 1978 Dec 6

-1

- - =k /4“ n
L Q;‘
s _ 7“1, as”
/ .
- — é__ "/#

SAQ 111443 by Dapbne, 1978 Dec 11

From Jean Bourgeois came an interest-
ing observation of mag. 8.5 SA0 §2929:
“Its maqnitude was about 7 instead of
8.5, It was also checked two hours
later, after reappearance. Since then
bad weather has persisted.” 1, too,
have noted instances where star magni-
tudes are apparently erroneous, e.49.,

culted on the one night, the fainter
being much easier to see. 1 would be
interested in any reports indicative
of substantial errors in magnitudes.
It should be remembered, though, that
estimates must be made relative to
other stars under similar conditions,
and not just on the basis of visibili-
ty at the time of occultation.

orard with SAQ/GC. However, proper motion in RA is in

1iffer from AGK3 by 2'6 in RA at 1978.

Poor residual.

case was doubtful in itself. two stars of similar magnitude, oc-
1.C. S.A.0.  Date  PHAC 0-C Observer  Comments
96547 77 Sep B8 ® 3 -16 Hays Double star: SAO position is for the following star, hence timing is O.K.
However, AG¥1 ~a<ition differs by 2" in Dec at current epochs.
96%66 77 Sep B R 4 +3 Hays AGK3 positic.
gross disagreement.
T1/H90 77 Sep 11 R 2 -5 Hays SA0/GC and Yale are wrong; .
77 Noy 5 & 4 -5 Bourgeois
TVRA7G 7T Koy & R 3 +5 Stockbauer The small difference between AGKI and SAD accounts for the cbservation.
2114 158821 See o.n., 1 {13}, 133 The new Perth 70 catalogue gives a recent position for this star; it is
1"6 north of IC, and 05 porth of SAD.
2494 160458 77 Oct 17 § 2  +4 Hays IC proper motion in Dec is too large.
2497 160474 77 Sep 19 D 7 +4 Boninsegna The IC position is bad in both RA and Dec. The SAG/GC positinn is bad 1n
RA. The Yale position satisfies the observations.
161633 77 Oct 17 D 3 -7 Bourgeois No comparison. Investigate in S.A.C. project.
2698 163471 77 0ct 20 D 3 44 Mays IC and SAQ/GC agree. Near graze. Satisfactory residual.
'63473 77 Dec 13 D 3 +4 Bourgecis No comparison. Poor residual
164060 77 Nov 17 D 6 +§  Hays

1 UNAR DCCLULTATIONS OF MINOR PLANETS
FOR 1378 AND 197§

David W. Dunham

Thomas Yan flendern, others at USNO,
and | recently completed and success-
fuily tested a system of computer pro-
grams and ephemerts data for computing
predtctions of lunar occultations of
12% minov planets whose photographic
magnitudes, computed by David Laird at
Cincinnati Ccuntry Bay Schooi with my
quidsnce, are 13.0 or less under the
most favorable circumstances {perihe-
Tiv quadrature] for observing such
events. Using a 1ist of events for
P9 supnlied by HMNAD, [ computed and
distrinuter detailed predictions for
these eventsy for the rest of 1978 to
photoelectric ocuultation cbservers.
The tunar nccultations of these minor

No comparison. Residual of -1"2, so probably 0.K.

planets during 1979 already have been
selected at USND; predictions for them
will be included in the regular USNQ
total occuitation predictions for
stars, etc., for ail active observers
in USNG's list for 1979 unwards. [n
USNG's predictions, the minor planats
are given USND reference numbers equal
tc 5000 plus the minor planet’s num-
ber. The minor planet number, the
first eight characters of its name,
and the expected duration of the dis-
appearance or reappearance in mitli-
seconds, computed assuming no local
Junar slope, and with diameters gener-
ally being those published in sky and
Telescopa, 53{3}, 182 {1977 March},
are printed in a special line similar
to that for occultat.ons of major
planets.

During the rest of 1978, predictions

for only a few events were printed,
since the minur ~lanets are quite
faint so that t., ~ou. ltations are
usually not obsery ule (O-code = 0)
Predictions were generated for the
following events in the Tist in o.w..
1{14}, 141: Minor planet 15 on April
15 {w. U.5.5.K.,ne Paland), 16 on July
Y4 (S, Africal), 18 0n July 29, 16 on
Aug. 11, 19 on Nov. § (Japan}, and 19
on Dec. 7. In addityon, an occultation
of 11 Parthenope, moon elongatiun
109", was predicted for Washington and
British Columbia at 130 UT of Sept. 22
and an occul tation of 5372 Herculina,
elongation 55°, was found for South
Africa east of Sutherland at i7M UT of
(ctober 6.

The only known observation of a ‘unar
occultation of a minor planet -u far
this year is the one of 15 Funomia



ween vitually with the 107-inch re-
flector at MoDunald Ohservatory, Ft
Javia, "exas . on March 19 Cirrus
woudy prevented their attempt to re-
curd the eeent photoelectrically.
OLLILTATIONS GF SA0 STARS BY URANUS
Ahl 1TS SATELLITES, 1979-89
Gordon £, Taylor
A searcn of 211 stars in the SAQ star
catalog with an ephemeris of Uranus
and 1ts satellites up to 1989 November
17 has yielded the following possibil-
1 e,

{43 The enly necuitation by Uranus and
1tworangs will cocur an 1985 June
75.9¢ when the centre of Uranus passes
277 south of the star SAD 184819 (m,
9.2, spectrum G5). An occultation by
the rings should he visible from Afri-
ca, Furope, and western Asia. Since
the star position was cbtained in 1933
it 15 clear that there 1$ no point in
istutng detailed predictions until a
reliable modern positien is obtaina-
ble. Note that final predictions could
be 1ssued after plates taken in 1985
January, when liranus (with direct mo-
ton) wiil be passing close to the
star {the occultation in June occurs
when Uranus has ¢ retrograde motion).

(2) The following is a list of stars
which might possibly be occulted by
sateliites nf Yranus if 11 is found
that there 15 a large correction to
the cataloyue position of the star,
Orbital elements for the satellites by
0. Dunham were ysed.

Date __Star . Satellite
1980 May & SAO 1597243 1
1987 Sept. 2  SAQ 159394 ¥
1981 Oct 3 SAD 159450
1984 Apr. 30 SAD 184624 I
1984 June 2] SAD 184507 IO |
1989 March 15 SAD 186736 111

A BADERIAN ANALYSIS
Niels wieth-Knudsen

[Ed: The author has submitted an ex-
cellent article, but unfortunately, we
can present anly these few excerpts,
due to space limitations. A photocopy
of the entire criginal articie will be
mailed directly to any subscriber who
sends 2 request to the editor.]

As to the heading above: 1 think that
the progosal of analysing HMNAD resid-
vals made by Clifford J. Bader, In
o.N., 1, 106 (#10), and 112-113 (#11}
{1977), is so ingenicus in its simpli-
city that he deserves to have {1t named
after him, as done here [analogously
to: A Newtonian reflector).

Since the publications mentioned, |
have relt particulariy obliged to make
such ar analysis of my own contribu-
tions, due to their amgunt, - first of
all as | would feel it as unconscien-
tious to uncritically contribute with
such an amount without utilising any
gpportunity of evaluating fts quality,
- osecordly . as that amount will allow
& subdivision into <eparate groups,
acrording to periods of time. and

tharactertstics of quality of observa-
tion, etc., without having the essen-
tial majority of the groups to include
as small a number of observations as
to make them meaningless. - & third
reason will be mentioned below [Ed

not in this abbreviated version].

* * ' * -

Graphically are presented a few of
these samples - above all those from
the spurious [Ed: less than a fyul]
yedr is represented because HMNAO ap-
plied a different personal equation to
his timings pre-dating April 27] peri-
od 1974 April 27 - December 31, - to-
gether with the corresponding curves
of the Gayssian distribution, adjusted
to the number of chservations, the
width of the interval chosen, and the
standard deviation of the group in
question. No serious discordance seems
obvious.
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Amen, - so are my thoughts by my view
of my results presented nere. |4 any
one efse might think useful for some
purpose of fnterest to him, atker sub
divisions of my material than here
made, ! shall try to get time for
meeting such a want,

Note No. 1. The 0%4/5 estimated by BHa
der as a reasonable guess. even if
surely so, may be a trifle too high,
according to the followtny attempt at
considering a little further that com-
plex function of posftion on the limb
and other variables mentioned by him.

- * 3 . *

Finatly, the fact of the different
planes of mation of moon and observer,
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preliminarily omitted, may be allowed-
for, - here just merely as an esti-
mate, as the correction 1s but small,
- by multiplying the last quantity
abave by the mean of 1 and the costine
of the abliquity of the ecliptic, re-
sulting in the following expression
for the angular residual - time rela-
tionship for an cbserver at lat. 'Y
Y43 /5-("119/5 )cosy,
giving for the latitudes:

0° “312/5,
45 .387

86 (my lat ) 364 .
60 32,

respectively.

- * n - L]

1976 TOTAL OCCULTATION TALLY

Raymond Finkleman

The most prolific cbserver of total
occultations in 1976 was Robert Hays ,
Jr., who had 305 observations (see the
complete tally, overleaf), His effort
is the best since records have been
collected, and compares to 263 obser-
vations, for the most observations by
an observer tn 1975, The 1976 total
occultation tally was consoiidated
primarily from the observers' coupons
and the Czechoslovaklian Bulletin, as
well as Japanese and Soviet publica-
ttons. McDonald Observatory has an on-
going photoelectric observing program,
and their observations are included.
5til1l, the tally is not comprehensive.
The HMNAD incorporated a change in
their tape format so that we will be
able to identify individual observers.
Unfortunately, we do not have the time
to make the necessary changes in the
USNO program which we had used for the
1975 tally, and to incorpcrate the
AMNAC data 1nto this articie. We hope
to be able to utilise the HMNAD tape
listing in the future, to produce a
more complete, worldwide representa-
tion,

The ranking of cbservers is by the
vatue of thelr abservations. This was
determined by the formula V = D + ¢R,
where ¥ = value, D = total number of
disappearances observed, R = total re-
appearances cbserved, and ¢ is a cor-
recting factor. The correcting factor
is the ratio of R/D for the complete
Tisting. For this tally, one reappear-
ance observation is the equivalent of
2.51 disappearance observations.

If only the observatary or station
name is given in the 1isting, there s
probably more than one gbserver at
that station. After the location thore
may be an asterisk indicating photoe-
electric observations. The observer's
principal observing site 1s given aft-
er his name.

Please continue to send in the obsery-
ers' coupons.  Observers are also re-
minded to send their chservations to
HMNAD, to he included un thelr tape
listing of observations (address: H.
M. Nautical Almanac Office, Roval
Greenwich Observatory, Herstmonceux
Castle, Hattsham, Sussex BNZ7 1RP,
tngland;

Thanks to T. C. ¥an Flandern and 0. W.
Junham for assistirg in this tally
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OBSEAVER VALUE TOTAL
UNMITED STATES OF AMERICA { 46 OBSERYVERS) 1803.67 2636
JAPAN [ 30 OASERYERS) 1566.37 1008
UNIOM OF SOWIET SOCIALLIST REPS. 45 DBSERVERS) 397.a0 207
SOUTH AFRICA ! 2 oasmr[nsé 323.51 263
DENMARN 1 OBSERVEA | 254.49 143
NEW ZEALAND { 14 OASERVERS) 191.79 129
AJSTRALLA { 3 OMSERVERS) 189.08 177
CZECHOSLOYAK L& { 35 DBSERYERS) 145.11 12)
BELGILM (7 OBSERVERS} 133.59 114
SPALN {3 DBSERYERS] 104.68 &4
GERMAN FEDERAL REPUBLIC [ 6 DBSERYERS] 58.%9 79
BAAZIL {3 OBSERVERS) 67.5) &6
ENGLAND { 1 OBSERVER 59.56 46
CAMADA [ 3 OBSERVERS] 42.%) 41
SWITIERLAND {1 OBSERVER MS2 W
PORTUGAL I3 OBSERYERS) 21 00 71
NORWAY [ 1 D8SERYER ) 14.01 N
ME THERLAMD'S { 1 OBSERYER } 10.00 10
ANORYMOUS [COURTRY LINIKNOWN } { 3 OBSER¥ERS) 0.0 0
R/D = 2.51 5260
DBSERYER YALUE TOTAL
ROBERT M. HAYS, M. PALDS MILLS, JL 479.77 35
STRAMAMA OBSERYATORY STRAMAMA, JAPAN* 299.01 180
K G AR CAPE TOWM, SOUTH AFRECA 29097 184
1. TAKEMURA MASIK], JAPAN 263.89 175
NP ONIETH-KMUDSIN  TISYILDELEJE, DENMMRK 25449 143
RONERT SANOY KANSAS CITY, MO 251.91 180
JAMES L. FERRE[RA  FREMOMT, CA 251.89 16)
RICHARD WOL TWERIUS  TUCSOW, A7 243,29 117
SIMDSATO QBSCRYATORY SIMOSATO, JAPAN® 235,40 145
JOHN AFR[CANG McDONALD DBSERWATORY, Tx* 22).03 217
ROBERT CLYDE STALETSBCRO, OM 211.87 129
JOMM XORINTUS PALM BAY, FL 191.73 138
ROBERT LASCH GREZN YALLET, AZ 177,28 14
M. 0. OVERBEEK MALVERNE, NY 171.67 134
KURAS (K] OBSERVATORY KURASIKI, JARAN® 170.24 116
RICHARD BINZEL MASHIMETON COURT MOUSE, OM 160.27 100
WILLIAM H. FISHEA  COLFAX, CA 149.01  sa
ROBERT WALKER SAYRE, O W78 w0
DAY (D HERALD CAMBERRA, AUSTRAL A 133.07 18
W F. DaBOLL ST. CHARLES, 1L wIe on
MALTER MORGAN LAS YEGAS, MY ML N
T. HIRAIWA KURASIK], JAPAN 103,75 48
CLIFFORD ). BAGER  WEST CMESTER, PA 9%.17 5
A SALAIAR SAN FERMANDO, SPAIN 95.68 55
JAN HERS RANODBURG, SOUTH AFRICA 9%2.5% 7%
T, YANANOTO SIMOSATO, JAPAX 91.67 54
LARRY YOKSH OVERLAMD PARK, KS 79.58 &0
BEN HUDGENS CLINTON, WS 76.61 48
B. SIMCHESEIL POLTAYA, LMRAINE, USSA %52 N
Y. TOKYG, JAPAN 7111 M
JAMES VAR RULAND SAN JOSE, CA 69.55 59
LIOMEL €. WUSSEY CHRISTCHURCH, WEW TEALAMD 62.60 4D
ALFALD WEBRER CHADOS FORD, PA 62.01 56
MARK GINGRICH OAFLAND, CA 80.07 A5
DOUGLAS WAL L LEICESTER, EMGLAND 9.5 46
H. F. COCHRAN . 59.05 a7
WAYNE COSKRET STARKVILLE, WS 5811 34
JEAR BOURGED|S MONTIGATES-LE-T, BELGIUM 5.5 37
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GLOCILTATIONS OF ZUBENELGENUBI BY THE
GRBITS OF THE SATELLITES OF URANUS

DJavid W. Junham

The passane of the satellite system of
ranus across 2.9-mag. .7 Librae (2.C.
2118, Iubenelgenubi) during 1978 Octo-
her ¥ wat mentioned in o.x&., ! (13},
136 In 1971, ] calculated improved
orbital elements for the satellites of
Lranus using all available photograph-
¢ ohservations, for my Ph. D. disser-
tatian ! recently converted the main
camputer program used in that study so
that 1t would successfully reproduce
the resylts at USND, and calculated
predictions for the October # appulse.
The re<ult- are tabulated below, ard
shown 1n a diagram, where “H_P." is
the earth’s horizontal parallax, the
amgunt subtended by the earth's equa-
torial radius at Uranus' distance. At
the twme of closest approach, Qberon
will be 9" narth of the star, and Ti-
tania will be farther away, so there
is no chance for an occultation by
those satellites as seen from earth.
However, perhaps there is material
within the orbits of the satellites,
perhaps like the Uraniam rings, or
Tike the the sodium cloud of lo, which
could he detected photoelectrically;
nobody has previously attempted obser-
vations of occultations by material
within the orbits of any of any of the
natural satellites. A photoelectric

record of a lunar occultation of Z.C.
2118 has shown that the star is a
close double, component magnitudes 3.4
and 3.8, separated by 0’0V as project-
ed in position angle 110°.

Dccultation of a? Librae by the Orbits
of Titanla and Obercn, 1978 October 8

Event &
u. 1. Area of Yisibility
Oberon  Night - E. Pacific just west

-0 - of North America
3hq0M  Day - Hawaii, Australia, Ja-
pan, eastern Asia

Titania MNight - Hawaii, approx. star

-0 alt. 67, sun -12°

Day - Australia, Japan, Asia
east of Pakistan

Titania MNight - Japan; eastern Aus-
- R - tralia {approx. star alt.
ghagm ¥2°, sun -18°)

Day - Asia, southern and
eastern Africa

Oberon  Night - eastern Asja, western
- R - Australia {at Perth, approx
1¢h5m star alt. 24°, sun -6°)

Day - western Asia, Africa,
eastern Europe

U.T. is for night area of visibility;

the time is a few minytes earlier in
the day area.

SAGE OF al L1BRAL
IND THE QRBLITY 0OF
ThAKIA AND CRFRAON

197H nrLropglw ®

TITAAA,
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ANALY/ING HMNAD RESIDUALS — ITI

Clifford J. Bader

Althouyh response to my request for
ctatistical data or for raw prelimi-
nary residuals {o.n,, 2 (11}, 113) has
been disappointing, the data base has
been extended to a total of B97 tim-
ings tarough the courtesy of Roger
Giller, Engadine, NSW, of Doug Hall,
leicester, England, and of Al Webber,
(hadds Ford, PA. FPartial breakdowns

have been made according to HMNAD ac-
curacy class and disappearances vs.
reappearances. [n additon, some re-
ported personal equations have been
sorted with respect to the same break-
downs, with interesting impiications
regarding PE estimates.

The overall residual mean {with disap-
pearance signs changed) has dropped
somewhat from its last reported value,
to 0"055 + 07023 {late) at 6B8% confi-
dence. The overall standard deviation

169

remains essentially unchanged at 0"70.
The individual means for each of the
observers fall within the + (0.05 + e)
1imit defined by L. V. Morrison in his
letter {o.n., 1 (11}, 112).

Previcus indications of a tendency
toward later residuals for the less-
certain timings have been reinforced
by recent data from Mr. Hall, Mr. Gi1-
ler, and me, For a total of 381 HMNAQ
accuracy class 1 timings, the mean is
-Q'007 + 0032, while for 123 class 2
and up timings, the mean is 0V206 *
D"060. It is thus virtually certain
that a real, rather than chance, dif-
ference in the means exists, and since
the implied average time difference 15
on the order of 0%5, the effect is of
sufficient magnitude to be worthy of
concern.

The poorer-quality timings would be
expected to exhibit a larger variance
than those of better quality. While a
difference in the standard deviations
does appear to exist {0"68 vs. 0"62),
an accurate assessment is hindered by
the root-mean-square predominance of
the large observer-independent compon-
ent. If the latter 1s taken to be 076,
the observer contribution is 0932 for
class 2 up and Q"16 for class 1. These
values are rather dubious due to the
varicus uncertainties, but are at
least of plausible magnitude.

A difference of means also exists for
disappearance vs. reappearance residu-
als. Here the avajlable data are con-
fined to Mr. Hall and me; the mean for
292 disappearances was found to be
-0%021 ¢+ 07035, while 124 reappear-
ances yielded 0V163 t 07056. Again, a
time difference of significant magni-
tude is implied.

It was immediately suspected that the
/R and accuracy class mean differ-
ences were related, due to a high pro-
portion of R's in the less-certain ac-
curacy classes. However, both class 1
R's and class 2-up D's were found to
show significant positive mean shifts,
so there 15 reason to believe that the
two effects are at least partially in-
dependent .

The existence of a correlation between
mean and accuracy class implies that
observers are generally capable of
differentiating between good and poor
timings: however, their quantitative
estimates of time appear to be relfa-
ble only for the former. For reappear-
ances, observer judgment of reaction
delay seems to suffer even under fa-
vorable circumstances.

Available data for reported PE's indi-
cate that observers are aware of the
presence of extended reaction times,
hut that they underestimate the re-
quired allowances. This is clearly
shown in the following summary:

Average Reported PE (sec)

Hall Bader
Overall 0.434 0.423
Class 1 0.378 0,398
Class 2 wp 0.766 {1.2) 0.571 (1.0}
D's 0.377 Q.388
R's 0.626 (1.2) 0.463 (0.8)
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The numbers in parentheses are the av-
erage PE values which would be re-
quired to reduce the associated resid-
val means to values comparable with
those for the class 1 timings and for
disappearances, assuming | second of
time to be equivalent to 0.4 seconds
of arc in typical total occultattons.
It is interestirg to note that excel-
lent agreement exists between the two
observers for the certain events, but
that divergent (although uniformly op-
timictic) estimates arise for uncer-
tatn timings and reappearances.

The foregoing results pose a dilemma.
In the face of strong evidence that PE
tends to be underestimated for some
types of timings, should an attempt be
made to revise future estimates? It is
obvlously {nadmissibie to taillor per-
sonal equation until one's residual
mean approaches zero, since this would
destroy any observer- independent com-
ponent of the mean.

It would, however, appear legitimate
to adjust the less-certain and reap-
pearance estimates in order to bring
the corresponding residual means into
gradually better agreement with the
more-certain and disappearance means.
Obviously, caution 15 required, and
any corrections should be of a con-
servative nature, the desire to over-
compensate fn order to "pull down the
average” should be resisted.

Perhaps some of the late residuals are
attributable to the optimistic assess-
ment of questionable timings 1n the
unconscious interest of swelling ob-
servation counts. This 1s the dark
side of the competitive factor tmplic-
it in the publication of observer to-
tals; the bright side 1s the increased
activity which 1s undoubtedly stimu-
lated by the desire to achieve a high
rankfng. At any rate, a 1ittle soul
searching shouid be done 1in the inter-
est of scientific objectivity before
one Succumbs to the temptation of in-
cluding a dubious timing.

Other aspects of residual statistics
remain to be investigated. Roger Gil-
ler reports a marked improvement in
his residuals with experience. have
others noticed this effect, and if so,
how quickly does it progress? A siza-
ble difference exists between the
standard deviations for Australia
(G'B0 for 350 timings by 2 observers)
and for Britain and the U.5.A. {0"63
for 547 timings by 3 observers). Is a
geographical effect involved? More da-
ta are needed to explore these and
other questiors and to generalize the
basis for those already discussed,
four inputs will be welcomed and ac-
knowledged.

1209 Gateway Lane

West Chester, PA 19380

OCCULTATIONS DURTNG THE LUNAR
ECLIPSE OF 1378 SEFTEMBER 16

David W. Dunkam

[Ed: Thts note primarily consists of
postponed portions of the article 0OC-
CULTATIONS DURING LUNAR ECLIPSES AND
CLUSTER PASSAGES, o.n., 1 (14}, 145-7.
Far fuller coverage, please refer to
that articie.’

The chart for the September 16th
eclipse on [appended pages 170a and
170b, 1is being distributed to Eastern
Hemisphere subscribers, and to anyone
else who requests a copy from the edi-
tor, and] was prepared in the same
style as that for the Magch eclipse,
with the dots marking 170 to 210 U T.
The vertical ticks indicate the moon's
position for the following September
eclipse events: first contact, 17h2pm2
U.T.; start of totality, 18M24m4. and
of tatalfty, Y9M4IMg; and last con-
tact, zoMhaam . Mid-eclipse occurs at
19h04T2 | chortly after the 19N mark,
s¢ it is mot plotted. On September 16,
the position angle of the lunar equa-
tor will be 245°, to help in locating
reappearing stars using lunar features
if Watts angles are not included 1n
your predictions. The star field can
also be used to locate emerging stars.
[John Phelps re-worked the computer-
generated charts, for publication.]

The Leningrad sphemerides of Minor
Planeta shows that there will be no
occultations of any of these objects
during the September eclipse.

For a non-7.C. SAQ star, add 146000 to
the number from the chart to abtain
the full SAQ number.

The non-SAD AGK3 stars in the Septem-
ber eclipse field are J6150 = K7626,
J6172 = K7629, J6406 = K7661, and
K7665, a 10.4-mag. sp. GO star at 1950
R.A. 23h40m3491, Decl. -1°41'12" which
1s not in J probably because it is
near the edge of the field and probab-
1y will not be occulted under favora-
ble eclipse circumstances.

Stations for the September 16 lunar
eclipse tracks shown on the chart are
as follows: 1, Auckland, New Zealand;
2, Dunedin, New lealand; 3, Brisbane,
Australia; 4, Melbourne, Australia; 5,
Tokyo, Japan; 6, Khabarovsk, Siberia;
7, Taipet, Taiwan; 8, Manila, Philip-
pines; 9, Nanking, China; 10, Perth,
Australia; 11, Lembang, Indonesia; 12,
Tomsk, Siberia; 13, Naini Tal, Indta;
14, Kodaikanal, India; 15, Basrah,
Iraq; 16, Moscow, Russfa; 17, Salis-
bury, Rhodesia; 18, Johannesburg,
South Africa; 19, Athens, Greece; 20,
Cape, South Africa; 21, Herstmonceux,
England; and 22, San Fernando, Spain.

STARS IN M23, M25, AND THE 1978 SEPTEMBER 16 ECLIPSE FIELD

David Herald, Woden, Australia, has pravided the following information regarding

inter-catalog correlations for M23,
M25, and the 1978 September 16 lunar
eclipse field, as well as double stars
and a varfable star in the latter.

Non-SAQ Stars in M23

J¢  BD # Jr_ BD # J¢ BO ¢

-18° -18° -19°
4749 4692 48237 4714 4746 4794
4760 4697 4829 4716 4752 4755
4762 4698 4830 4717 4755 4756
4764 4699 4835 #7118 4761 4758
4768 4700 4836 . 4765 4759
47715 4702 4844 471 4717 4780
4777 4704 4846 4724 4769 ...
4783 4705 4852 4725 4771 4762
4801 4706 4857 4726 4781 4763
4799 4707 4860 4727 4795 4766
4798 4708 4862 4728 4805 4767
4806 4709 4871 4730 4808 4768
4812 4710 4877 4731 4819 4769
4813 41 4876 4732 4822 4770
4815 412 4878 4733 4839 4771
4821 4nN3 4879 4734 4850 4773

Non-5AC Stars in M25

a4 CBD# ¥ BD

5576 -19°5074 5647  -18°499]
5581  -1B 4979 5649 19 5046
5587  -19 5027 652 -19 5048
5588 -18 4980 5655  -19 5049
5591 -18 4981 5661 -19 5054
5600 -18 4983 5662  -19 5055
5603 -19 503 5663 -19 5056
5605  -19 5032 5664  -19 5058
5615 -19 5034 5665  -18 4993
5616  -19 5035 5666 -19 5057
5623 -19 5037 5671 -19 506)
5624  -19 5038 5679 -18 4995
5625 -19 5039 5681 -19 5063
5626  -19 5040 5691  -18 4998
5628 18 4339 5693 -19 5068
562¢  -19 504 5703 -18 5002
5632 -18 4950 5704 -19 5072
5634  -19 5043 8710 -19 5073
5636 -19 5044 5724 -18 5008
5638  -19 5045

Non-SAQ Stars in the Eclipse Field

Je B ¢ . BO #
6078  -2°5980 6301 -3°5673
6094 -3 5650 6308 -2 6001
6114 -3 5652 6309 -3 5674
6116 -2 5981 631 -3 5675
6124 -3 5653 6314 -2 6002
6135 -3 5656 6316 -2 6003
6140 -7 5983 6317 -2 6004
6143 -3 5658 6323 -1 4467
6144 -3 5659  £330/6331* -3 5678
6149 -3 5660 6336 -3 5679
6150 -2 5984 6340 -3 5680
6152 -2 5985 6342 -2 6006
€156 -3 5662 6344 -3 5681
6168 -3 5663 6149 -2 6008
6170 -2 5987 6356 -3 5683
6173 -2 59u. 6367 -2 6009
6177 -2 5989 6373 -2 6010
6185 -3 5664 6374 -3 5685
6189 -2 599 6376 -2 60O
6197 -3 5665 6377 -3 5686
6208 -3 5666 6391 -2 6015
6209 -2 5992 6393 -3 5687
6214 -3 5667 6399 -2 6016
6218 -3 5668 6400 -2 6017
6223 -2 5994 6401 -2 6018
6228 -2 589% 6403 -3 5689
6236 -2 5996 ¢7t -3 5690
6248 -2 5997 6406 -2 6019
6265 -3 5670 6407 -1 4475
6293 -3 567 6410 -1 4479
6294 -3 5672 6415 -1 4487
6295 -1 4464 6417 -1 4481

Double Stars (IDS) in Eclipse fleld

MAG] MAGZ SEP. P.A,

J62a4 & 6248 10.8 11.3 1973 254
J6327 (SAD) & 6328 10.7 11.3 16.4 4
J6330 & 6331* 10.9 11.4 4.6 236
J6403 9.9 14.0 1.9 r48

Yariable Star in the fclipse Firld

J6340 : SVS 57717, magnitude rannge 9.4
to 10.0, periud 36991934, 1rreqular



