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INTERPCLATING MINCR PLANET CR CCMET POSITICNS EETWEEN EPHEMERIS DATES

by Prof. Frederick Pilcher
. Nlinois College
Jacksonville, Illinois 62650, USA

Bphemerides are normally printed at OH Ephemeris Time (ET),. that is, for
8 pm Bastern Daylight Time, 7 pm Central Daylight Time,; etc., of the preceding
day, Ten day intervals are normally used except for rapidly moving objects for
which the time interval may be shorter. To predict a position for a time other
than Oh ET on an ephemeris date, the time must first be expressed in days and
decimal fractions thereof, With 1440 minutes in a day, every C,0l day is 14.4
minutes, or for extreme accuracy every 0,00001 day is 0,864 seconds, In the fol-
lowing example days are expressed to hundredths, right ascension to OH1,
declinationr to 1", but the method may be used to any desired level of accuracys

This writer observed the minor planet 380 Fiducia at 12:05 am CDT Aug, k4,

1975, This converts to 5:05 BT, or 5 hrs 5 min = 305 minutes following the start

of Ephemeris Day Aug, 4. This is 305/1440 of a day; expressed decimally it equals
Co21 days following Aug, 4,00; the time is thus 1975 Auge 4,21,

A partial ephemeris of 380 Fiducia follows:

1975 Jul 27 21h Wi - ~20° 3%’ -69
Aug 6 21 37.2 ° L -21 43 -65
Aug 16 21 28,8 o) 22 48 T2
Aug 26 21 20,6 °° -23 40

Let g, be the right ascension on the ephemeris date preceding observatiom, &,
be the right ascension orr the following sphemeris date, Oz be the right agcension
o the ephemeris date subsequent to this, ete. This Go= 21hUl5, a3 = 21h3pMa,
oz = 21028W8; etc., in our example, The first difference AQp = Qi=Go = =704,
First differences are listed in the Leningrad ephemerides, except that the minus
sign is omitted for right ascension because almost a1l asteroids have retrograde
motion near op%osition. Cther first differﬂnces in this example are 801 =

Qg = 03 =~ ,4, Aag =-Qg = Qg =-=-8%2,

"The use of first differences is the process of linear interpolation, Commordy
errors as high as + 005, + 5' may arise, because first differences replace the
actual curved paths by imaginary straight limes, These may be reduced by using
second differences, and perhaps even third differences, in second-order and
third-order interpolation schemes. o
The second difference Azt = Ady = A0 = ~1.0 in this example;

Ag0s = Adg — AQ; = 4002, The third difference Asdo = AzC1 - Aglo =
+1I§12. Cne could continue im this manner if extreme accuracy imr ephemerides is
available; in most cases the use of second differences is sufficient for
accuracy of order + 0%, +1°,
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Let t denote the time between ephemeris date preceding observatiomr and
time of observation, im this example 8.21 days. Let T denote the time between
successive ephemeris dates, here 10,00 days. Then the formula for third order
interpolation in right ascensiom iss

b oy g LG )1 (e
a=:a°+5Aao+2'._:§p - A3a°+3'. T pe ,A.sa,o N

Substituting mumbers to illustrate by example gives, for 1975 Auge Lh,21:

| -, ) =l . D
o Mg 5%- (=71) + (8.212801) 279) (_4mgy 4 (a2l é io%g)( 11.79) (4172) + ¢o0

20 himng o 6207 + 007 + OF03 + cen = 21h38".16, rounding to the nearest ™,

First, second, and third differences in declination are defined in analogous
manner, In our example 5, = -20°31+”35l= -21°ll-3':58= ~22°48" ; eteas ]
Abg =564 - 6o = =693 A8y = 85 = 81 = 65°s Abp =83 — 8z ==52";
Agbe =-ASy — Abg = +4'3 Agby =465 — Aby = +13'; : '

Aabg = Agby — Agbe = +9’« Then for 1975 Aug. 4.21:

§ =06q + L ASo + —;-,tqr:".T)_ Apsbdo + %1. t(.'lr-’l‘)(t-.zﬁ.‘.) Aado + ese

T 'm8

= =20°34" + -8'—02-1-'-69') + %’%‘ﬁ(w') + %M(HB') +ao0e

-20°34* - 56,6 - 003 + 04 + 44a = =21°307, rounding to the nearest 1’,

However in this case the positiocn measured with the Vehrenberg Atlas
Stellarum grid was 2183689, -21°37*, The residual, which is the observed
position minus the computed position (O-C), is

2183gm9 - 21M3gmg, 219370 ~(-21%30') = -1Tp, 77,

It is this writer's experience that for well over 90% of all %the asteroids
brighter than magnitude 14 which he has observed with the aid of the Leningrad
Ephemerides of Minor Planets and measured off Vehrenberg star atlas grids, the
residuals are smaller than + duls, + W', Larger residuals occasicnaliy, but not
always, appear for orbits published in 13665 or earlier, As these older orbits
are being improved, the incidence of anvreciable residuals should decrease
greatly in the next five to ten ysars.

Editor’s Corment: The Editor wishes to thank Prof, Pilcher for Wis fine paper,
which was written in response to several letters received which asked aboyt

interpolation procedures, It is hoped that many readers will be helped by this
discussion.
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MINCR PLANET VISUAL PHOTCMETRY LIST: CCTOBER-DECEMEER 1975
by Derek Wallentine and Alaim Porter

Four close passages are featured among the visual photometry opportunities
for the last three months of 1975, For all but ome of the listed planets there
is no knowledge of their lightcurves, so observers of these events could make
significant contributions to our knowledge of these todies,

Cne of the closest appulses is that of 444 Gyptis to the ocpject variously
known as NGC 2261, Hubble's "Variable Nebula", and R Monocerotis, For about two
days centered on minimum separatiom, it will be excellently placed in a field of
suitable comparison stars of similar magnitude, Also favorable (though faint) is
113 Amalthea's passage through the field of Z Ceti, The very close passage of
1061 Paeonia is included for those fortunate observers among us equipped with
tolescopes of 30 cm aperture or greater, Although the T Tauri sequence extends
only through 13.9 magnitude, observations of light variations would still be
useful, even if precise values could not be determined dus to lack of comparison
stars. Incidentally, at opposition this planet will be about two degrees from the
ecliptic and consequently may be a tenth of a magnmitude or so brighter because
of the opposition effect (cf, table, MPB 2, 6 (1974)).

Below are given the asteroid®s number, mame, ovposition date and opposition
magnitudey the number, name and type of AAVSO chart; and the date, separatioms
and position angles (relative to the chart variable star) of the crossing, The
following abbreviations apply:

LU - light curve wmknown; observations urgently requested

PL - planet on Pilcher list (MPB 2, 13-14 (1974)): opposition highly
favorable this year

e = extrapolated positiom, that is, an extension of fhe asteroid®s
apparent track beyond the last published ephemeris positiom,

¢ = closest approach
* ~ AAVSO "b" type star chart useful only for the location of the field
mv - visual magnitude (assumed to be 0.8 mag, brighter than photographic

magnituds)
COpposition Date
Asteroid Date  Mag, Chart(s) (B UT)  Sep P4
246 Asporina Sept 24 12,5my 2352-09 V Cet  Cct 1 Lo 16°
LU Whitk, N 3 23 337
L 22 ¢ 301
5 30 276
7 52 256
113 Amalthea Cet 16 11,9my 0101-02 Z Cet  Cet 3 36 60°
LU npk e Nov 2 17 30
3 9e 333
TET: 28l
6 by 268
200 Dynamene Dec 9  11l.4my 0520+34% S Aur  Fov 7 281 157°
LU "b, g 9 23 184
10 22 ¢ 201
11 24 218
13 32 21
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Cpposition Date

Asteroid Date  Mag. Chart(s) (oh U,T.) Sep PA
530 Turandot  Cet 6 12,3m, 0015-09 S Cet Fov 12 33 105°
LU, PL npe nge 14 28 100

‘ 16 s 24 ol

18 o 21 ¢ 83

20 o 22 71
1061 Paeonia Nov 28 1l4,imy O416+19 T Tau Nov 20 19¢ 83°
: LU, PL nhii, wge 21 7 83

- ~138 <H e 0

22 . 5 271

23 17 269
44y Gyptis Dec 26 12.2my 0633+08 R Mon Nov 29 16° 76°
. LU wh25nE, ngw 30 4 86
~16h 2¢ 180

Dec 1 4 243

2 14 247
16 Psyche Dec 7 Qulmy  OU46H17 V Tau Dec 5 29¢ 14°
wph 7 19 ¢ 345

9 Lo 293
236 Honoria Dec 4 11,8my 0422409 R Tau Cec 17 211 63°
LU whinE, n@rqn, 18 11 iy

"e3" 19 7 ¢ 333

20 14 297

Note: Flanets are listed in order of central crossing date, ¢,

As indicated previously (MPB 2, 31-32, 3, 20 (1975)) estimates should be
made every few minutes for a mmuer of hours == preferably for 6 to 10 hours if
possible to enable a full rotation or more to be observed, Cbservaticns covering
several nights are highly desirable in order to define the rotatiomr period more
precisely. ' .

Proper observing charts may be obtained for $ 0,25 (US) each frem the
Anerican Association of Varisble Star Cbservers ("MAAVSC"), 187 Concord Avenue,
Cambridge, Massachusetts 02138, U.S.A, by identifying them by their number,
variable star name and small letter subscript, If possible, obtain the chart(s)
wall ahead of time so that you can study the field before the passage of the
planet, especially in the case of the fainter planets.,

Photometry Report Forms are available free from co-author Alaimr Porter,
10 Sea Lea IDrive, Narragansett, Rhode Island 02882, U,S,A, Their use is recom-
mended for all visual photametric observations, and they may be best for photo-
electric and photographic photametry as well, Please enclose a large, self-
addressed stamped envelope to defray Alain's costs, Reports of any observations
should be sent to Mr, Porter at the above address; the Section Recorder would also
appreciate a copy for sectiomr files,

SECTICN NEWS

PUBLISHING PLANS., Subscribers should mote that vole. 3, nos 2 is being
published in two parts, this being the first part, A larger second part will
follow in a few weeks, and will include articles by M,A. Ccmbes, A,T. Somr, June
LoGuirato, and others which should be of considerable interest.

PALIAS/VESTA CHART, Dr, J.U. Gunter has very kindly supplied us with free
tracking charts for the 2 Pallas/4 Vesta appulsc in November, a copy of which is
enclosed, Try to observe these planets as they draw together if pessible.

Cf, MPB 3; 10 (1975) for further information,
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233 ASTERCPE, Recent letters from Prof, Frederick Pilcher, Alain Porter,

" and Derek Wallentine indicate that 233 Asterope shows distinct light variations

of about 0.2 magnitude based on visual photometry in early September, 1975.
Prof. Pilcher is presently making a full least squares reducticn of the data,
and intends to report the findings in a paper in MPB,

At this time, however, more observations of 233 Asterope are very much
needed to confirm the rotation period and improve its precision. While photo-
electric measures would be highly desirable, a series of visuel observations of
several hours length would be highly valuable, Differential measurements alone

_will suffice according to Prof. Pilcher.

Prof. Pilcher has extrapolated the ephemeris of Asterope beyond that given
in the Leningrad Ephemerides of Minor Planetss the error may well be as great as

+ 5' by mid-Cectober, but it should enable observers to find the planet. It is

* "as follows: Q1950 81950
1975 Sept. 15 (OB U,T.) 21%05t8 - 4°3°'

Sept. 25 21 03,8 - 528

Cete 5 21 04,3 - 613

Cets 15 21 7.1 . -6M

MPB IN THE FUTURE, As indicated on the previous page the Editor has
received many fine papers for publicaticme In keeping with the general policy of

_the Minor Planet Bulletin we intend to publish these papers as soon as possible
"(usually in less than 90 days of receipt), and without making any page charges

of the authors. We believe that that the increased number of papers sutmitted is
a sign of deepening interest in minor planet astroncmy by the professicmal and
advanced amateur astronomer, and we welcame it.

At the same time more papers means longer issues, or, as in this case,
publishing an issue in parts. It means higher postal expenses (quite apart from
the fact that U,S, domestic postal rates for first class mail may increase 30%
in the near future), If some articles contain graphs and complicated tables we
run those pages offset although it costs more; where possible we resort to low-
cost mimeogravhing since we want to keep our subscription rates as low as possibls,

The Editor feels that he should mention these facts of journalistic life
in order that our readers might make some suggestions concerning the future of
MPB, Financially we are imr fairly good shape, and there is no present need for a
subseription increase at this time —- even if the U,S. postal rates increase in a
few months. But a problem could develop about a year from now, especially if we
are running about 18 to 22 pages an issue,

Several possibilities for future development come to mind: (1) increasc the
number of paid subscriptions. This is easier said than done. The present number
is 84 pald subseriptions. A number of free samples of vol., 3 no. 1 were mailed in
July to leading observers around the world, and scme have responded by subseribing,
Others have written highly enthusiastic letters about the last issue, but entered
no subscription. Perhaps a better way to go inm the campaign to increase the paid
subscriptions is to have the rank and file of our members encourage some of their
astronomically~oriented friends to subscribe, If we could secure a total of about
250 paid subscriptions (a wild dream??).we could readily afford longer issues
without a subseription increase (in spi‘e of postal rate increased), and we might
bo able to run the entire issue on an offset press, which would improve its
appearance, (2) mail withim the UsS. omr a non-first class basis. This has been
explored with the Post COffice, but it does not seem worthwhile given the small
circulationr of MPB, especially since we want our issues to be delivered fairly
promptly in order that important astronomical events not be missed.

Cther possibilities for future growth and development of MPB might include
acceptance of selected advertising, or publishing scme of the longer papers in
an annual or semi-annual suppliement series which would be separately subseribed
for, Let's hear your ideas concerning these "growing pains" MPB is having while
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there 1s plenty of time to consider alternatives., What we wish is an improved

g{ljl.zknal which will be of interest to professional and non-professional astronomers
Se :

-Dr, Paul Herget, Director of the Cincinnati Cbservatory, reports that

" The Institute of Theoretical Astronomy, Leningrad, U.S.S.R., has generously
agreed to provide a limited number of extra copies of their Ephemerides of
Minor Planets for distribution other than to established astrcnamical libraries
and observatories in the western world, The price for these volumes will bte
$ 5.00 each, including packaging and postage within the U,S.A. This income will
augment the subvention which the Minor Planet Center at the Cincinnati Cbserva-
tory receives from the International Astronomical Union, A1l checks or money
orders should be made payable to "Cincinnati Cbservatory." The address is

Cincinnati Cbservatory
Observatory Place
Cincinnati, Chio, 45208

Ue.Se subscribters will rejoice in this news, and should act without delay to
secure a copy of the volume for the year 1976, A serious minor planet ocbserving
program is almost impossible without it,. :
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Tracking Chart No. 251 by J. U. Gunter.

Star Field by permission

from Hans Vehrenberg's Photographic STAR ATLAS, Plates 196, 231, 232, 267, and 303. °
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MINCR PLAN'ETS'ATT-INUSUAILY FAVCRABLE OPPCSITICN IN 1976

by Prof, Frederick Pilcher
Tlinois College
Jacksonville, Ilinois 62650, USA

Abstract: A list is presented of 91 mimor planets which are much
brighter than usual at their 1976 oppositions, Cbservations are
especially urged for 1580 Betulia and 944 Eidalgo at their coming
close approaches to Earth, and ephemerides are provided.

The following mimor planets will be much brighter than usual at their 1576
oppositions, Cbservers are encouraged to note any that lie near the limit of
their equipment and give these special consideration in their programs. Many
years may pass before the next opportunity for observatiom,

This 1ist has been compiled on th: basis of a comparison of the magnitudes
given in the 1976 Ephemerides of Minor Planets at oppositiomr with the magnitude
' range in Tables of Minor Planets.l Any planets whose periheliom and aphelion
opposition magn:l.tudes differ by 2,0 or more and im 1976 will be within 0213 of
the brightest possible have been inciuded, For planets brighter than magnitude
13 which are within the range of many of our observers these standards have been
somewhat relaxed so that more planets will be included,

» Opposition Opposition
No, Kame : te Mag, No, Name Date Mag,
6 Hebe Sep 27 8.1 129 Antigons Jun 7 10,1
14 Irene Jun 7 10,0 155 Seyila Dec 20 13.6
15 Emonmia Auvg 9 9,0 161 Athor Cet 2 12,3
25 Phocaea Jul 3 10,2 163 Erigone Cet 22 12,4
41 Daphne May 30 10,1 181 Eucharis Dec 10 12,0
65 Cybele May 28 11.9 198 Ampella Cet 8 11,0
70 Panopaea Cet- 5 11.7 225 Henrietta Jul 15 12.4
78 Diana Dec 1 11.4 27 Philosophia May 7 13,0
80 Sapphio Cct 16 10,3 2L0 Vanadis Dec 23 11,9
82 Alkmene Apr 5 11.9 . 245 Vera Nov 12 12,5
89 Julia Jul 25 10,4 258 Tyche Cet 11 11,4
93 Minerva Jur 1 11.4 262 Valda Doty 12 14,5
101 Helena . Sep 20 11,6 284 Amalia May 19 13.0
106 Dione Dec 18 12,2 285 Regina Aug 22 14,7
112 Iphigenia Aug 5 12.7 313 Chaldaea Dec 21 11,4
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Opposition Opposition
No. Name Date Mag, No. Name Date Mag.
352 Gisela "Sep 29 < 12,7 1050 Meta Sep 14  16.4
385 Tlmatar Apr 17 11.9 1088 Mitaka Nov 11 13.7
394 Arduina Jul 19 - 13,1 - 1153 Wallenbergia Aug 29 14,5
432 Pythia Jun 22 i1.5 1187 Afra Cct 21 14,7
477 Italia Aug 15 - 12,9 1216 Askania Jul 5 14,3
517 Edith Nov 19 - 13.k 1227 Geranium Ju 3 14,7
561 Ingwelde Nov 7 15.3 1253 Frisia Sep 7 16,6
599 Luisa . Sep 15 11,6 1293 Sonrja Jul 1 15.9
647 Adelgunde Nov 15 14,2 1318 Nerina Mar 23 14,2
685 Hermia Sep 29 14,2 1324 Knysna Jurl9 14,6
686 Gersuind Cet 30 13.6 1392 Pierre Cct 18 14,8
639 Zita Cct 8 14,1 1435 Garlena Feb 5 16.6

690 Wratislavia
712 Boliviana ’

Sep 21 12,0
Nov 1“’ 11 QLI'

1452 1938 DZ1
1459 Magnya

Sep 28 11'"07

751 Faina Tec 24 12,6 1477 Bensdorffia Nov 29 14,7
785 Zwetana Apr 1 12,3 1479 Inkeri. Nov 24 14,8
810 Atossa Aug 1 15,2 1493 Sigrid Cet 7 14,3
849 Ara Sep 7 12,6 1498 1938 SKi Aug 3 16.1
881 Athene Jul 7  15.5 1506 Xosa . . May 13 14,9
888 Parysatis  Jan 10 13.4 1580 Betulia May 22 11,5
922 Schlutia  Jul 14 . 15.h. 1609 1951 NL Aug 6 13.5
944 Hidalgo Cet 18 14,7 1615 Bardwell Dec 15 14,6
958 Aspiinda Cet 29 15.7 1622 1952 EA Aug 10 14.9
982 Franklina Jun 7 14,1 1631 1926 TH Sep 21 14,4
1011:Laodamia - .. Mar 1 13.8 ';1638 1912 X May 21 ~ 15.4
1014 Semphyra " Mar 10 15,6 1681 1948 WE Feb 16 14,3
1024 Hale Aug 14 14,7 1689 Floris-Jarmr Sep 11 13.1
-1034 Mozartia . Sep 5 14,2 1703 1930 RB Jul 30 15.4
1036 Ganymed . ‘May 23 13.1 1710 1941 UF Jul 24 15,3

1048 Fecdosia Apr ‘16 13.1 1747 1947 NH Jur19 - 14,0
1792 Reni Dec 18 14,5

Kote: The magnltudes given above are photographic, V:Lsual magritudes depend
upon the color of the mimor planet; in most cases minor planets are about
0,8 magnitude brighter visually than these photographic values,

Two minor planets with excepticnal orbits, 1330 Betulia and 944 Hidalgo,
are 5 to 8 magnitudes brighter at their 1976 oppositions than at any other time
between 1963 and 1989, All observers are especialiy urgsed to take advantage of
these rare opportunities to make extensive studies of these remarkable objects.

Betulia is an Amor-type planet with a perihelion distance of 1,119 AU, the
largest inclinatiomr of any numbered minor planet, 52°, and a period of revolution
.of 3.2535 years. Betulia thus makes almost exactly L revolutions around the Sun
;. im 13 years, and close apnroaches to Earth recur at this time interval, Betulia

- will i fact be closer to the Earth in May 1976 than at any other time in the
current century, It will be near visual magnitude 11 for several days and be
easily visible in small telescopes, moving southward at an exceptiomally rapid
15 minutes of arc every hour} Even a few mimutes should be sufficient time to
discern the motion, An ephemeris at 6 hour intervals near the time of closest

“ - approach is included, The listed magnitudes are photographic' visually Betulia
- should be about 08 brighter.
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The orbit of 9’4‘4’ Hidalgo, with g = 5.82' q= 10999’ Q = 9061“, i= L”2?5'
more nearly resembles the orbits of short period comets than that of any other
asteroid, Hidalgo is the only asteroid which can approach:Juriter more closely
than 1.1 AU, which seems to be the minimum distance to avold large perturbations,
Most short period comets make repeated approaches to Jupiter closer than 1,1 AU,
Unlike camets, however, Hidalgo has never showed a trace of fuzziness or coma;
it has always been entirely starlike in appearance., Furthermore mo evidence of
non-gravitational forces due to recoil from expelled gases is observed in its
motion. However. there are two objects classified as short period ccmets.
P/Neujmimr I and P/Arend-Rigaux, which have been starlike in appearance except
for a faimt coma at the discovery apparition only, on which no observable
nongravitational forces act, and which approach Jupiter only at intervals of
many centuries,

It therefore seems likely that Hidalgo, like P/Neujmin I and P/irend-Rigaux,
is a very old comet from which nearly all volatiles have been evaporated, and
Tittle besides a nomvolatile nucleus remains. The close approach im the latter
part of 1976 provides an opportunity to determime whether Hidalgo is a comet or
an asteroid. Besides photoelectric, spectrophotometric, and infrared radiometric
observations, professiocnal astronamers with access to large telescopes are urged
to obtain image tube spectrograms of Hidalgo and search these for tracss of the
cometary emission bands, While a positive observatiomr of cometary bands will
determine the nature of Hidalgo conclusively, a negative observatiomr will be
indecisive, In the latter case Hidalgo might still be a dead comet which no
longer evolves enough gas to be observable, Control observations should be made
orr comots P/Neujminr I and P/Arend-Rigaux at their next returns,

Lete 1976 offers history buffs an opportumity to observe recently-recovered
155 Seylla, Discovered imr 1875 under conditions similar to those in 1976 by
Johanmr Palisa, it was lest withim two weeks and remained lost for G5 years, In
1670 Conrad Bardwell of Cincinnati Cbssrvatory succeeded in idontifyving several
unnumbrred planets wbservod i the imtervening yeirrs with Scylla and published a
reliab’s orbit, Paul Wild of Berne, Switzerland, recoverad Scyila the followihg
year vory close to Bardwsil's ephemeris, Although the published magrritude of
13,6 puotographic (ebout 12.8 visual) may sesm discouraging for owners of small
telescores, Palisa discovored Szylla with a 6=inch {15 cu) insirument. Seyiia
may therefore be somewhat brighler than predicted, The writer will aupreciats
commurrications from any observers who can report either positive or negative
observations, Am evhemeris of Scylla will be publicshed irr a subsequent issue of
the Minor Planet Bulletiw,

Referencs

1. Pilzher, F., and Meeus. J., [ubles of Mimor Plaets, 1973, Publiched
privately by the authorse.

Appendix
1976 CLOSE APPROACH EPHEMERIS OF 1580 BETULIA
R.A. (1950) Decs . Delta - m
1976 May 17 OPET 16" 5896 +22° 06' 0,161 AU 12,9 photographic
() 16 5509 +21 08 .
12 16 53,2 +20 07 ,
18 16 50,4 +19 03 - -
18 0 16 47,6 +7 58 S 0152 12,7
3 16 4,7 +6 50 I .
12 16 1,8 +15 W
18 16 38,8 +HA4 30

- (cont:inﬁe'd.'_:éﬁ ‘the next page)
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Fo - (1580 Betulia Ephemerls cont:l.nued) S ; .

1976 May 19 ohm 160 388 41319 . 0.1kb 12,4
16 32,8 . +12 O1- :
. 12 T £6 2957 41043
18 16 26,6 +923 .
20 0 16 234  +8 02 0,138 12,2
. 6 .16 20,2 + 639
12 16 16,9 + 514
18 16 13.6 + 348
21 0 16 10,2 +2 20 0,133 12,0
6 16 06.8 + 0 3 .
18 15 59,8 -2 11 .
22 0 15 5603 - 3 Lh 00131 1109
. 6 15 52,8 - 517 '
12 15 49,2 -6 51
18§ . 15 45,6 - 824 |
23 0 15 M,9 =~ 957 0.130 11,7
6 15 38,2 -11 30 i
12 15 3“05 "13 02
18 15 30,8 -4 34
2 0 15 27,0 -16 06 0,131 11,7
6 15 23,2 -17 36 :
12 15 19,4 -19 04
18 15 15,6 -20 31
25 0 15 1.8 -21 57 0,135 11,9
6 15 (8.0 23 21
12 15 oli,1 =24 42
18 15 00,3 26 03
26 0 b 36,4 =272 C.:40 12.1
1976 CPPCSITTCN EPHEMERIS OF 94 HIDALGO
R.Ao (195(:) Dch r I)':,i)-:aa m
1976 Sep 29 2P o3l +14°46" 2,430 1,500 15,1 photographic
Cet 4 1 55.8 416 05
Czt 9 1 43,4 #7235 2.780 1,:+06 14,8
Gz~ 14 1 422 418 44 :
ez 19 1 3.2 420 03 2,332 1,345 14.6
Cct 24 1 21,6 +21 20
Cct 29 1 1232 422 33 20286 : 1.318 1“’.6
Nov 3 1 02,8 +23L43
Nov 8§ 0 53,7 +24 46 2,244 1,324 14,7
Nov 13 0 b5.2 425 45 : ‘
Nov 18 0 37.5 +26 W 2,204 1.358 14,8
Nov 23 O 31.1 427 33 , - .
Nov 26 0 25.2 428 23 2,167 1.M5 15,0
Dec 3 0 20,8 +29 11 L -
Dec 1& 0 17,5 +29 58 2,133 1,489 15,1

Editor's Comments Many thanks are due Prof, Pilcher for His fine article, now
something of an annual tradition in MPB, Section members should give particular
consideration to these favorably placed planets as instrumentation permits. A
special effort should be made in the cases of 1580 Betulia and 944 Hidalgos.
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PLANETS 1580 BETULIA AND 1620 GECGRAPHCS IN 1976

by Jean Meeus
Heuvestraat 31
3071 ERPS-KWERPS, Belgium

Almost every year the "recreational celestial mechanics™ brings us scme-
thing new. In 1975 we had the closest approach of Eros of the present century,
and later the close Pallas-Vesta conjunctioms In 1976, it's the interesting
motions of 1580 Betulia and 1620 Geographos which have our attenticn.

Betulia, discovered in 1950, has the highest orbital inclination ( 52°) of
all numbered mimor planets, With a perihelion distance of 1.12 AU, Betulia is a
member of the Amor group; its orbital eccentricity is high (0,49),

The perihelic oppositions of Betulia repeat at intervals of 13 years (U
times the revolution period of 3.25 years), and it was at such a perihelic op-
position that the minor planet was discovered im 1950, The next perihelic oppo-
sition took place im 1963, and the next one will occur in 1976,

At a perihelic opposition, Betulia is near the descending node of its orbit,
and thus moving rapidly southwards,

Betulia will reach the perihelion of its orbit on 1976 May 3, at 1,119 AU
from the Sun, and its descending node ar May 24, The opposition in celestial
longitude will occur on May 21, and that imw right ascension the next day. The
least distance to the Earth will occcur on May 22; the planetoid will then move
six degrees southward with respect to the stars, and will be of photographic
magnitudes 11,7,

At the beginning of August 1976 Betulia will be a faint object of magnitude
18, at declination «68° im the constellatiom of Muscas

It is remarkable that imr 1976 Betulia will be closer to the Earth than
ever since the time of its discovery in 1950, Here are the least distances to
the Earth at the three menticned perihelic oppositionss

1950 IVIay 18 aecoe 0.188 AU
1963'May 20 ssase 0,156 AU
1976 May 22 eesse 09130 AU

Geographos, discovered imr 1951, is a member of the Apollo group of mirmor
planmets: its perihelion lies inside the Earth's orbit, at 0,827 AU from the Sun,

In 1976 Geographos will not be brighter than magnitude 15, but the
interesting point is that the planetoid will be twice in opposition, and
between these oppositions the object will be in inferior comjunction with the
Sun,

The first opposition will take place on 1976 January 25, this being the date
of the opposition in celestial longitude., At that instant Geographos will be
1,41 AU distant from the Sun,

Geographos will cross the Earth's orbit (r = 1) on April 14 and accelerate
further as it will fly to his perihelion, The mimor planet will reach peri-
helion on June 7; on that date, its heliocentric longitude will increase each
day by 1.56 degres (Earth: 0.96 degree). Moving faster than the Earth, Geographos
will be in inferior comjunction on 1976 Jume 12, However, as seen from the Earth,
the minor planet will be 42° south of the Sun, Still going faster than Earth,
but now receding from the Sun, Geographos will again be at 1 AU from the Sumr omr
July 31, but now preceding the Earth in its motion, Finally, the Earth will agaim
overtake Geographos, resulting in a second opposition an 1976 Cctober 1i,
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Geographos! extreme distances to the Zartn will te as follows:

minimums 00385 AU on 1976 February 22
maximum: 0,413 AU on 1676 April 4.°
minimum: 0,271 AU on 1976 Jure 23

Cppositions of Geographos are mot frequent. Here are the dates when Gec-
graphos and the Earth will have the same heliocentric longitude, from AeDe 1577
to 1994 : :

1979 Dec 12 1986 Tec 25
1983 Feb 28 . 1990 Nov 17
1983 Apr 11 (inf. conj.) 1994 Jan 8
1983 Nov 3

~ These dates ‘have been calculated by the author, without taking perturbations
into account; it is expected that they are not more than 1 day in error. Thus
these are the dates in the near future when Geographos will be imr oppositiom
(in celestial longitude), except in April 1983 when the minor plamet will be in
inferior conjunction with the Sun, In 1983 we will have a situation similar to
that of 1976: two oppositions and one inferior conjunctiom, although the con-
figuration will not have the symmetry of that of 1976 (see the dates).

MINCR PLANET NEWS

Dr, David W, Dunham of Cincinnati Observatory reports that planet 1 Ceres
(magnitude 7,0) will be occulted on 1976 January 13 around 2B U,T. by an 8
sunlit waxing Mocn as seen from a wide area of Latim America, The northern limit

- for this event crosses El Salvador, Southern Honduras, and passes near Guadeloupe

in the Lesser Antilles, The southern limit passes near Arequipa, Peru; La Paz,
Bolivia; and north of Rio de Janeiro, Brazil.

Planet 3 Juno will be occulted on 1976 February 16 around 221 by a 9€%
sunlit waning Moon for observers imr much of Africa and the Indian Ccean, Juno
will be magnitude 8,8 at the time., The morthern limit passes mear the Strait of
Gibraltar, northern Algeria, central Tumisia, northern Libya, northern Egypt,
the northern Indian Ccean to the sunrise point west of Sumatra, The southern limit
of the event passes south of Liberia, enters Africa just north cf the equatcr,
passes over southern Lake Tanganyika, the northern tip of Lake Nyasa, central
Malagasy Republic, and goes south of Reunion and Mauritius Islands.

Unfortunately none of our present subscribers have addresses inr these areas,
but possibly some might be travelling im these areas at the time, or may have
astronomer friends in these areas whom they might contact.

FCOINCTES

PERSCNAL, The Editor regrets not getting this second part of Vol, 3, no. 2
into subscriber hands much sooner. Due to a serious illness imr the family, and
heavy teaching responsibilities this past semester (five different courses) he
has been hindered, and also fallen behind on correspondence, Your patience is

- appreciated.- A Iengthy issue with many promised articles of interest will appesar

(Lord willing) in 1976 January. Then we should be back on schedule.
* THE MINCR PLANET BULLETIN is edited by Prof., Richard G, Hodgson, who is also

ALPO Minor Planets Section Recorder, Subscriptions, changes of address and items

for publication should be sent to him at Dordt College, Sioux Center, Towa 51250,

. U.S.A. His home telephone is (712)-722-4081, Subscriptions are $ 3.00/yr; air

mail overseas (highly recommended) $ 5.00/yr, U.S. funds preferred, If checked,
your subscription expires ( ) with this issue; ( ) with mext issue,
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