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Comet Levy 1990c, discovered by A.LP.O. Assistant Meteors Recorder David H. Levy, here 
photographed by Jean Dragesco and P. Tosi on 1990 July 31 at 01h 35m U.T. Comet Levy was then 
still approaching the Sun and the Earth. This photograph was taken with a 20-cm. aperture f/1.5 Schmidt 
camera, using a 6-minute exposure on hypered Kodak TP2415 Film. South is at the top; note the faint 
tail extending to the upper left (southwest). See also "Comet Corner" on pp. 180-181. 
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SPECIAL LAST-MINUTE NOTICE 

We have just received notification from the U.S. Internal Revenue Service 
that the Association of Lunar and Planetary Observers has been deter­
mined to be exempt from Federal Income Tax as a PubliclY-suPPOrted orga­
nization as described in section SOHcJ r3J. This means that. for American 
members. the POrtion of their annual dues to the A.L.P.O. that exceeds $11 
Per Year may be considered as a contribution to a tax-exempt organization. 
This deduction becomes significant for Sustaining Members and SPOnsors. 
Also. the entire amount of any donation to our Foreign MembershiP Fund is 
such a contribution. In the next issue we will describe another charitable ef­
fort of the A.LP.O.-a fund to suPPlY deserving foreign members with as­
tronomical literature. suPPlies. and equipment. 
A.L.P.O. Board and staff members may be able to deduct their Personal ex­
Penses involved with conducting the business of the A.L.P.O. and its 
Sections. and we have mailed a more detailed notice to these Persons. 
You should be able to deduct contributions to the A.LP.O. beginning in cal­
endar year 1990. Please note that keePing records of contributions. and de­
termining if thev are deductible. remains the contributor's resPOnsibilitY. If 
You are at all uncertain. YOU should question a tax consultant. 
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MAPPING LUNA IN COG NIT A 

By: John E. Westfall, A.L.P.O. Lunar Recorder, Luna Incognita Project 

ABSTRACT 

Luna Incognita is the portion of the Moon, near the south and southwest limbs, that was 
poorly photographed by the space missions of the 1960's and which thus remained inade­
quately mapped. This report describes the A.L.P.O. Lunar Section project that studied this re­
gion between 1972 and 1990; an effort that involved 58 A.L.P.O. and other observers, who 
submitted 384 drawings and 1509 photographs done particularly for the project. Other sourc­
es were Lunar Orbiter-IV and -V, and Zond-8 photography; pre-project earthbased drawings, 
photographs, and maps; radar maps and images; and charts of the Moon's limb profile. These 
were consulted in compiling the shaded-relief topographic map presented here, which is on 
the Transverse Mercator Projection, based on 821 positions measured from Lunar Orbiter 
and earthbased photographs. The map was prepared with a computer "paint " (shading) pro­
gram at an original scale of 1:2,500,000, reproduced here at approximately I :3,500,000. 

GOAL OF PROJECT 

This cartographic project involved com­
piling, drafting, and publishing a relief map of 
that portion of the Moon that was not ade­
quately mapped in the past. The map includes 
the 270,000-sq km area that suffered from a 
low Sun angle when the Lunar Orbiter-IV and 
-V Missions photographed most of the re­
mainder of the Moon in 1967. 

The region was named Luna Incognita 
because it was the largest unmapped zone re­
maining on the Moon. It includes the south 
and southwest lunar limb areas, as seen from 
the Earth. C:W e here use the International 
Astronomical Union system of directions, 
with, e.g., Bailly near the southwest limb.) 
Most of this region is occasionally visible 
from Earth, given suitable conditions of light­
ing and libration. However, outside of the 
A.L.P.O. project, there are no current plans to 
map this region, or indeed any part of the 
Moon, at a scale larger than 1:5,000,000 
(Planetary Cartography Working Group, 
1984). Thus, earthbased observations were 
used to fill in many of the blank spaces on 
lunar maps of the region. The final product is 
a 1 :2,500,000-scale shaded-relief topographic 
map of Luna Incognita and its environs, re­
duced here to a scale of approximately 
I :3,500,000 (about 35 km/cm or 55 mi/in). 

THE A.L.P.O. OBSERVING PROGRAM 

This mapping project began in 1972 when 
it was clear that there would be no more lunar 
missions for the foreseeable future and that the 
missions to date had failed to complete the 
mapping of the Moon (Westfall, 1972). The 
emphasis during 1972-87 was an observing 
project conducted by the Association of Lunar 
and Planetary Observers (A.L.P.O.). By the 
time the last observations were received (in 
1990), some 58 amateur and professional as­
tronomers had submitted some 384 telescopic 
drawings and 1509 photographs of the region. 
The majority of the drawings were made on 
standard outline forms prepared by the writer, 
who also provided annual visibility predic­
tions for 1972-87 (Westfall, 1972, 1972a, 
1974, 1974a, 1976, 1977, 1977a, 1977b, 1978, 
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1980, 1981, 1982, 1982a, 1983, 1984, 1984a, 
1986, 1986a, 1987). 

Successful observation of this portion of 
the Moon's southern limb requires a strong 
southerly libration, preferably combined with 
a souther! y selenocentric declination of the 
Sun. Conditions are more restrictive for the 
southwest limb, where both southerly and 
westerly librations are needed, preferably with 
a low- or medium sun angle The last set of 
conditions follows a 5.997-year visibility 
cycle, which ultimately depends on the "beat" 
between the draconic month (27.2122 days, 
the period of the latitude libration) and the 
anomalistic month (27.5546 days, the period 
of the longitude libration). An indication of 
this cycle is given in Table 1, below, which 
shows the number of days for each year in 
1977-1987 when three latitude zones in Luna 
Incognita could be successfully observed. 

Table 1. Visibility of Luna Incognita 
by Latitude Zone, 1977-1987. 

Number of Days Visible 
Any Latitude Range 

Year Portion 80°-90°S 65°-80°S 50°-65°S 

1977 96 68 61 0 
1978 105 69 69 7 
1979 110 70 74 33 
1980 122 81 83 36 
1981 119 86 79 7 
1982 113 74 77 0 
1983 110 73 75 0 
1984 103 66 68 22 
1985 109 77 67 35 
1986 112 79 73 21 
1987 113 76 75 I 

We here thank the observers who gener­
ously contributed their time, drawings, and 
photographs to our project. They consisted of 
both members and non-members of the 
A.L.P.O. and were both amateur and profes­
sional astronomers. Table 2 (p. 150) lists these 
individuals, with the aperture (in em.) and 
type (M =reflector, L =refractor) of telescope 
used, and the number of drawings (D) or pho­
tographs (P) that they contributed. 
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Table 2. Participants in the L~na Incognita Observing Project. 

Abbott, Patrick (32M) 15D 
Abineri, K.W. (20M) 7D 
Aerts, Leo (15L) 4D 23P 
Aloy, Jordi (20M, 31M) 6D 
Barbero, Pier (20M) lD 
Caruso, Joseph (32M, 51L) 7D 19P 
Childers, D.P. (30M) 3P 
Cruz Conejo, Manuel (20M) 3D 
Cyrus, Charles (32M) 12D 
Fox, James H. (25M, 51M) 2D 3P 
Garcia, Joaquim (6L, 41M) 2D 15P 
Gardner, Bruce (20L, 30M) 12P 
Genebriera, Joan (26M, 36M) 17P 
Goodrich, R.W. (20M) !9P 
Gorski, L. (20M) 1D 2P 
Graham, Francis* l43D 821P 
Herman, Lester C. (l5L, 30M) 2P 
Hill, Harold (20M) 3D 
Hill, Michael (25M) lP 
Hitchcock, R. (20M) 1D 
Hladluk, Don (30M) 6P 
Johnson, Gus (15M) lP 
Kemble, Fr. Lucian (28M) 4P 
Korintus, JohnS. (20M, 32M) 61P 
Legrand, Michel (20M, 21M, 60M) 9D 24P 
Libert, Claude (12L) lP 
Loblaw, R. (28M) 3P 
McDavid, David (36M) 1D 4P 
Mallama, Anthony (25M) 2D 
Marcisz, Richard (33M) lD 14P 
Mazzanti, Ferran (35M, 41M) 2D 
Mettig, Hans-Joerg (15L) 3D 
Oehlert, Ronald (15M) 77D 28P 
Oliver, Richard (61L) 17P 
Palulis, Charles (15L, 20L, 32M) 12P 
Parish, Roy (not known) lP 
Parizek, A.K. (29M) - SOP 

It is interesting to note that photographs 
constituted 80 percent of the 1893 observa­
tions submitted. The participants used a wide 
range of apertures, from ~ to 209 em. 
Weighted by observers, rather than by the 
number of observations, the median aperture 
was 24.7 em, the mean was 30.5 em, and the 
most frequently used aperture was 20 em. 

OTHER SOURCES 

Other earthbased data included about 170 
observatory photographs; that part of the 
A.L.P.O. collection of about 3000 such photo­
graphs that showed Luna Incognita (Catalina 
Observatory, Lick Observatory, Lowell 
Observatory, Mount Wilson Observatory, Pic 
du Midi Observatory; U.S. Naval 
Observatory-Flagstaff). The major other 
"historical" sources consisted of published 
lunar atlases (Fauth, 1964; Kuiper, 1960; 
Kuiper et al., 1967; Lohrmann, 1878; 
Miyamoto & Hattori, 1964; Pickering, 1903; 
Rlikl, 1972; Schmidt, 1963; Shirao & Sato, 
1987; Viscardy, 1985; Whitaker et al., 1963; 
Wilkins & Moore, 1955); reports of the 
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Patton, C. (15M) 5D 
Pola, Salvador (40M) lD 
Porter, Alain C. (lOL, 15M) 2D 2P 
Rhea, Kermit (20M) 109P 
Roginski, T. (30M, 38L) 9P 
Romano, Tallone (20M) lOP 
Sabia, John (!OL, 24L, 24M) 13P 8P 
Sanford, John (30M) 7P 
Soldevil!a, J osep 

(lOL, 16M, 26M, 30M, 35M) liD lP 
Sweetman, Michael (25M) 8P 
Tackaes, C. & Horn, T. (15L) lP 
Tobal, Christofol (lOL, 16M, 26M) 25D 
Troiani, D. (25M) 3D 7P 
VanLoo, Francois (25M) 4D 3P 
Venne, Roger (20M) !P 
Ventre, John (41M) 28P 
Viscardy, Georges (52M) 8P 
Waffen, G. (20M) 2D 
Webb, Robert & Palmer, Kirk (31L) - 26P 
Wessling, Richard (32M) 1D 7P 
Westfall, John (10M, 36M, 51L) 15D !liP 

Total (58 principal observers) 384D 1509P 

*Francis Graham observed with a 6L, 7 .6L, 
!OM, 15M, 18L, 20M, 25L, 25M, 33L, 
33M, 76M, 79M, 102L, and 209M. He con­
ducted joint obserVations with the following 
colleagues: M. Benson, P. Callas, K. Good, 
C. Graham, K. Graham, T. Guzik, W. Hall, 
C. Havey, C. Hughes, B. Levenson, S. 
Lubay, R. McGinty, E. Onder, T. Palmer, D. 
Potemra, D. Ramey, E. Santorini, G. Walsh, 
and R. Wamsley. 

A.L.P.O. and the British Astronomical 
Association (Abineri, 1952, 1956; Arthur & 
Abineri, 1951; Cattermole, 1964; Hare, 1953; 
Lenham & Abineri, 1955; Rackham, 1955; 
Stone, no date.; Westfall, 1954; Whitaker, 
1954, 1956, 1956a; Wilkins, 1950, 1952, n.d.); 
Communications of the Lunar and Planetary 
Laboratory (Tucson; Herring, 1964, 1965); 
and radar imagery and atlases (Zisk, 1970?, 
1974). Space-Mission data included American 
Lunar Orbiter-IV and -V views (Bowker & 
Hughes, 1971; Lunar Orbiter-IV; Lunar 
Orbiter-V), U.S. Geological Survey maps 
made primarily from Orbiter imagery (Scott et 
a!., 1977; U.S. Geological Survey, 1978, 
1981, 1981a; Wilhelms, 1979); and Soviet 
space imagery, particularly from Zond-8 
(Lipskiy et al., 1969; U.S.S.R. Academy of 
Science, 1975; U.S.S.R. Univ. of Moscow, 
Sternberg State Astron. Inst., 1979; Zond-8). 
Most of the references used were in the 
writer's personal library or the A.L.P.O. lunar 
photograph collection, although the writer also 
used the collections of the U.S. Geological 
Survey (Menlo Park), U.S. Naval Observatory 
(Washington, DC) and the Lunar and 
Planetary Laboratory (Tucson, AZ). 
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The study area was particularly lacking in 
positional control. There were few earthbased 
positions for the map region, and those that 
existed were largely selenographic measures, 
which assumed that the Moon was spherical 
and thus were subject to considerable errors 
near the limb (Arthur, 1962). Only approxi­
mate positions were available from American 
and Soviet lunar missions; the entire area was 
far south of Apollo orbital photography tracks. 
Probably the most useful previous positional 
information carne from the Watts limb profiles 
(Watts, 1963: see also Chugunov, 1979; Scott, 
1988; Van Flandem, 1970). 

For the present project, earthbased photo­
graphs were used to determine a 52-feature 
primary net of selenodetic (3-dimensional) co­
ordinates (Westfall, 1984). This served as the 
basis for measures from the Orbiter photo­
graphs, consisting of 7 69 secondary positions 
(based on 2078 measures), 318 crater diame­
ters, and 851 relative elevations; the last found 
from shadow-length measures. All measure­
ments were done with a digitizing tablet and 
an Apple-II computer, using software written 
by the writer to convert photographic coordi­
nates to lunar latitude and longitude; and, in 
the case of the selenodetic positions, also to 
radius vector. Similar programs computed cra­
ter diameters or relative elevations. Seleno­
centric spacecraft coordinates were also neces­
sary for the reduction (Moyers, 1969, 1969a). 

Positional accuracy is unsatisfactory in 
this region because of the difficulty of extend­
ing the earthbased system of measured points 
to the lunar farside across the poorly-photo­
graphed zone of Luna Incognita. The writer's 
primary and secondary nets had 43 points in 
common, with a mean disagreement of ±5.6 
km between the two systems. The formal sta­
tistical mean error of the secondary system it­
self was ±6.2 km. As a further check, the sys­
tem of measures that has been used for the 
U.S. Geological Survey series of maps (U.S. 
NASA, 1975; U.S. Geological Survey, 1978, 
1981, 1981 a) contains II points that fall in or 
near Luna Incognita and correspond with 
points measured by the writer. The mean posi­
tional difference between those points and the 
writer's was ±17.1 km, while the root-mean­
square difference was ±19.8 km. Note that the 
U.S. Geological Survey maps themselves 
state, "Positional discrepancies as large as 25 
km at map scale exist in the mosaic base." 
(U.S. Geological Survey, 198la) 

MAP COMPILATION 

These measurements above allowed fea­
tures to be plotted on base maps of the study 
area, using the Transverse Mercator Projection 
at I :2,500,000 scale, assuming that the Moon 
is a sphere with a radius of 1738.0 km. 
Coverage extends southward along the 105°W 
meridian from 50° S across the South Pole and 
along the 75°E meridian to about 75°S. The 
105°Wn5°E meridian is the transformed 
equator of the projection, and is located 7 em. 
above the bottom margin of each map section 
(at original scale). The nominal scale is cor-
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rect along that meridian; but the scale is in­
creased by 4.17 percent at the top of the map, 
and by 0.51 percent at the bottom. Areas are 
thus exaggerated slightly, but the projection is 
conformal in that the shapes of small features 
are essentially correct. 

The map is intended to be oriented with 
the earthside hemisphere to the top and the 
farside to the bottom. This places lunar north 
to the left and the south polar region on the 
righthand portion of the map (in Section 4 as 
reproduced here). 

Feature outlines were traced from Lunar 
Orbiter and Zond-8 photographs which had 
been enlarged to map scale. These were ap­
proximately rectified by enlargement onto a 
tilting easel upon which was placed a base 
map that contained pre-plotted positions. 

At this point, Luna Incognita was divided 
into eight octants so that each octant could be 
stored as a computer file that could be viewed 
as a whole. The outline maps were scanned, 
making "PICT"-format graphic files suitable 
for use with a Macintosh II computer. In terms 
of resolution, the screen pixel size was 1n2 
inch square (0.353 mm or 882 meters at 
scale). Each octant measured 16.5 by 13.5 em, 
or 468 by 383 pixels. The complete map cov­
ers an area of 1.11 million sq km, or about 2.9 
percent of the Moon's entire surface. 

These scanned files, showing feature posi­
tions and outlines to scale, were accessed with 
a commercial "paint'; program (Pixe!Paint ©). 
It had been decided previously that topogra­
phy would be shown by the shaded-relief 
("plastic relief') method (Imhof, 1982). in 
this method, the imaginary light source is as­
sumed to be above the top margin of the map, 
and features are so illuminated that slopes fac­
ing toward the light are lighter than the back­
ground, while those facing away are darker. 
The background shade, representing a level 
surface, is a 50-percent medium grey. The in­
tensity of light or dark for a sloping surface is 
proportional to its estimates gradient and to 
the cosine of the difference in azimuth be­
tween the slope normal and the illumination 
direction. Slopes "shade" only themselves and 
do not cast shadows upon other features. 

The use of a "paint" program allowed the 
outline base to be drawn over in a manner 
analogous to air brushing; except that correc­
tions could be made at any time, and 256 lev­
els of grey could be used. Features were 
drawn in roughly with a screen image at 2 
times the final scale, while details were added 
at a 4-times enlargement. 

Because detailed elevation information 
was lacking, standard methods of relief shad­
ing that require the use of contour lines could 
not be used. Rather, the technique pioneered 
by Patricia Bridges and her colleagues was 
employed; first visualizing a three-dimension­
al feature and then rendering it under set light­
ing conditions (Batson, 1978; Inge and 
Bridges, 1976; for background see Arthur, 
1960 and Kopal & Carder, 1974). Thus, using 
all the sources mentioned above, the writer 
then rendered shaded-relief topographic detail 
upon the base maps. This was done with piau-
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sible "interpretation"; when a feature was visi­
ble only in part, its unseen portions were as­
sumed to also exist and thus were drawn in. 
Such details are evidenced by their simplified, 
schematic appearance. 

After the preliminary version of the shad­
ed-relief map was completed, it was reviewed 
and edited. A latitude/longitude grid, along 
with feature names, was prepared with a 
"drawing" program (Adobe lllustrator ©). 
Hard copies of the eight octants of the Luna 
Incognita map were then printed on a 
LaserWriter for rough copies, and on a 
Linotronics © printer when better quality was 
needed, such as for the version reproduced in 
this paper as Figure 1 (pp. 155-159). 

Mapping this region at the scale used 
made it clear that the place-name density was 
quite low. The writer has added to the map in 
parentheses ten new names commemorating 
polar explorers (Nobile, Shackleton) and pro­
fessional and amateur astronomers (Ashbrook, 
Bartlett, Chappe, Gant, Hare, Hedervari, and 
La Paz). The tenth name, Mare Parvum, is de­
scriptive of a small mare unit in the map area. 
The names Hare and Mare Parvum were used 
on the Wilkins map (Wilkins and Moore, 
1955) but have not been approved by the 
International Astronomical Union (l.A.U.). 
These ten names will be submitted to the 
I.A.U. and are provisional until approved by 
that body. Existing nomenclature conforms to 
the NASA Catalog of Lunar Nomenclature 
(Andersson and Whitaker, 1982; see also 
Arthuretal., 1965, 1966). 

PLANS AND DISCUSSION 

The map reproduced here will also be pub­
lished separately as a single sheet. A longer­
range plan is to use the shaded-relief map as a 
base in order to plot the 21 absolute, and 851 
relative, elevations that have been measured. 
At least in the vicinity of the Moon's South 
Pole, where solar lighting assumes a wide 
range of azimuths, these measured points 
should allow an actual contour map to be 
drawn. 

The sources were of variable quality, but 
often were complementary. Lunar Orbiter-IV 
and -V views provided by far the highest reso­
lution, but suffered from low Sun angles and 
extensive underexposed and shadowed areas. 
Soviet Zond-8 photography was a useful sup­
plement for areas north of approximate lati­
tude 80° S. Earthbased visibility, on the other 
hand, was poorest in those most northerly 
areas of the map. However, almost all the 
south polar region was visible for earthbased 
observers when lighting and librarian were 
suitable. The Zisk radar maps helped greatly 
in the southerly zones where the Sun angle is 
always low. Finally, the Watts limb profiles 
helped at least to approximately fix positions 
of positive relief features throughout the re­
gion. 

The present map provides the largest-scale 
and most detailed cartographic coverage yet 
prepared for this portion of the Moon. Besides 
Luna Incognita proper, it encompasses por-

%e StromtlfJ ~tronomer: J.51..L.P.O. 152 

tions of the earth side hemisphere that are adja­
cent to the limb in order to aid in orientation 
for earthbased observers. It includes the lunar 
south polar zone; a region where water ice 
may be preserved in ever-shaded depressions, 
which would be important for any future lunar 
base. There are a number of noteworthy fea­
tures in this region, including ejecta from the 
impact sites of Zeeman and Mare Orientale, 
several of the Moon's tallest mountains and 
deepest craters, and portions of several large 
impact basins. Indeed, several arcuate features 
may represent rings of previously-unrecong­
nized basins or ancient craters. 

Although the new map contains significant 
detail that was not shown on the best previous 
maps, which were at 1:5,000,000 scale, con­
siderable areas remain blank or are only par­
tially mapped. Such zones are obvious on the 
map and represent areas that are either always 
invisible from the Earth, are never sunlit, or 
both. Their more complete mapping will prob­
ably have to wait for a lunar polar orbiter im­
aging mission. 

Likewise, horizontal and vertical position­
al absolute control is essentially no better than 
in the early 1970's, with uncertainties on the 
order of 20 km, and again may have to await a 
polar orbiting mission to be improved signifi­
cantly (Rlikl, 1968). 

Also, the writer believes that the map is a 
significant contribution to lunar cartographic 
techniques because it has been innovative in 
using a computer paint program in making a 
shaded-relief map. Such mapping usually em­
ploys an air-brush; a difficult technique which 
is practiced by only a few highly trained and 
talented planetary cartographers. 

ACKNOWLEDGEMENTS 

I particularly wish to thank the many ob­
servers, amateur and professional, who pro­
vided the lunar drawings and photographs that 
constituted the observational phase of this 
project. Particularly helpful were three indi­
viduals: Francis G. Graham who supplied ob­
servations, organized other observers, and 
helped with interpretation throughout the 
project; Don E. Wilhelms, who drew my at­
tention to an invaluable collection of earth­
based lunar photography; and Donald Davis 
(Davis, 1986, 1986a), who also pointed out 
important sources and supplied his own inde­
pendent renderings of the region's topogra­
phy. Finally, San Francisco State University, 
and its Department of Geography, provided 
the writer with Sabbatical Leave with pay for 
one semester, which allowed the final map to 
be completed. 

REFERENCES 

Readers many note a certain lack of originali­
ty in the naming of lunar books and periodi­

cals. The Moon designates a publication of the 
Lunar Section of the British Astronomical 
Association (BAA.) exceptfor Zisk eta!. 

(1974 ), where a journal then published by the 
D. Reidel Publishing Co. is meant. 

o/o[ume 34, 7{umGer 4.'J.(pvemGer, 1990 



Abineri, K.W. (1952). [Untitled drawing of 
Bailly with notes.] Journal, A.L.P.O., Vol. 
6, No. 10 (Oct.), 137 & 148. 

--::-::-----: (1956). "The Pingre Region and 
Mare Humboldtianum." The Moon, Vol. 5, 
No. 2 (Dec.), 32-33. 

Andersson, L.E. & Whitaker, E.A. (1982). 
NASA Catalog of Lunar Nomenclature. 
NASA RP-1097. Springfield, VA: NTIS. 

Arthur, D.W.G. (1960). "Lunar Cartography." 
Sky and Telescope, Vol. 20, No. 6 (Dec.), 
320-324. 

-....,...-,,.....---· (1962). Consolidated Catalog of 
Selenographic Positions. Lunar and 
Planetary Laboratory Communications, 
No. 11 (June 19). Tucson: LPL. 

Arthur, D.W.G. & Abineri, K.W. (1951). "The 
Lunar Limb-South of Schamberger." 
Journal, B.A.A., Vol. 61, No.2 (Jan.), 
45-47. 

Arthur, D.W.G.; Agnieray, Alice P.; Pellicori, 
Ruth H.; Wood, C.A.; & Weller, T. 
(1965). The System of Lunar Craters, 
Quadrant Ill. Lunar and Planetary 
Laboratory Communications., No. 50 
(Feb. 25). 

Arthur, D.W.G.; Pellicori, Ruth H.; & Wood, 
C.A. (1966). The System of Lunar 
Craters, Quadrant IV. Lunar and 
Planetary Laboratory Communications, 
No. 70 (May 25). 

Batson, Raymond M. (1978). "Planetary 
Mapping With the Airbrush." Sky and 
Telescope, Vol. 55, No. 2 (Feb.), 109-112. 

Bowker, D.E. & Hughes, J.K. (1971). Lunar 
Orbiter Photographic Atlas of the Moon. 
NASA Report SP-206. Washington: 
NASA. 

Catalina Observatory (1965-66). 
[Unpublished photographs Nos. 162, 214, 
218,482,483,543,560,675,749,832, 
940,943,1111, 1214,1318,1444, 1556, 
1625, 1782, & 1929.] 

Cattermole, Peter J. (1964). "A Chart of the 
Lunar Region South and South-East of 
Bailly." Journal, B.A.A., Vol. 74, 
104-108. 

Chugunov, I.G. (1979)." System of Absolute 
Elevations in the Marginal Zone of the 
Moon Derived from Stellar Occultations." 
The Moon and the Planets, Vol. 21, 
277-281. 

Davis, Donald (1986). [Unpublished oblique 
drawings of lunar south and southwest 
limbs.] 

--=--- (1986a). [Untitled oil rendering of 
lunar south polar region.] 

Fauth, P. (1964). Mond Atlas. Bremen: 
Olbers-Gesellschaft. Pl. 22 & 23. 

Goodacre, Walter (1931). The Moon. 
Bournemouth: Privately Published. 
Sect. XXII, XXIII. 

Hare, E.E. (1953). "Bailly." Journal, 
A.L.P.O., Vol. 7, No. 1 (Jan .. ), 8-9 & 
12-13. [Title of drawing with notes.] 

Herring, Alika A. (1964). "Preliminary Draw­
ings of Lunar Limb Areas, V." Lunar and 
Planetary Laboratory Communications, 
No. 45 (May 26), 15-16 & Pl. 45.5, 45.6. 

--=--- (1965). "Preliminary Drawings of 
Lunar Limb Areas, VI." Lunar and 
Planetary Laboratory Communications, 
No. 66 (August 4), 133-140 

Imhof, Edward (1982). Ed. by Harry J. 
Steward. Cartographic Relief Presenta­
tion. Berlin and New York: de Gruyter. 

Inge, Jay & Bridges, Patricia M. (1976). 
"Applied Photointerpretation for Airbrush 
Cartography." Photogrammetric Engineer­
ing and Remote Sensing, Vol. 42, No.6 
(June), 749-760. 

Kopal, Zdenek & Carder, Robert W. (1974). 
Mapping of the Moon. Past and Present. 
Astrophysics and Space Science Lib., Vol. 
50. Dordrecht, Holland: D. Reidel Pub. Co. 

Kuiper, Gerard P., ed. (1960). Photographic 
Lunar Atlas. Chicago: University of 
Chicago Press. Pl. C8a-C8e, D8c-D8e, 
D8g, E8a, ESc. 

Kuiper, Gerard P. et al. (1967). Consolidated 
Lunar Atlas. Contributions, Lunar and 
Planetary Laboratory No.4. Tucson: 
Lunar and Planetary Laboratory. Pl. H1-
H8, H12-H14, H17, H19-H23, H25. 

Lenham, A.P. & Abineri, K.W. (1955). 
"Bailly." Journal, B.A.A., Vol. 66, No. 1 
(Dec.), 25-26. 

Lick Observatory (1936-64). 
[Unpublished photographs: 36-inch re­
fractor; L-4, LC-1, 198, 201B, 208,230, 
242,271,277B,298B,348B, 363B, 
367B, 377B, USGS2945, USGS 2946. 
120-inch reflector; ECD-31, ECD-40.] 

Lipskiy, Yu. N. et al. (1969). Atlas of the 
Reverse Side of the Moon. Part II. NASA 
Technical Translation F-514. 
Washington: NASA. Translation of Atlas 
Obratnoy Storony Luny Chast II, 
Moscow: Nauka Press, 1967. 

Lohrmann, Wilhelm Gotthelf (1878). 
Mondkarte in 25 Sektionen und 2 
Erliiuterungstafeln. Ed. by J.F. Julius 
Schmidt. Leipzig: Verlag von Johann 
Ambrosius Barth. Sect. XXII, XXIII. 

Lowell Observatory (1966) 
[Unpublished photograph L 7 -193-13-1.] 

Lunar Orbiter-IV (Space Mission). Medium­
resolution frames: 5, 6, 8, 44, 58, 70, 82, 
94,106,118,130,154,166,179,193. 
High-resolutionframes: 5-1,6-1,8-2, 
44-1,58-1,70-1, 82-1,94-1, 106-1, 118-1, 
130-1, 154-1, 166-1, 166-2, 166-3, 179-1, 
179-2, 179-3, 193-1, 193-2, 193-3. 

Lunar Orbiter-V (Space Mission). 
Medium-resolutionframes: 21, 22. 
High-resolutionframes: 21-1, 21-2, 22-3. 

Miyamoto, S. & Hattori, A., eds. (1964). 
Photographic Atlas of the Moon. 
Contributions from the Institute of 
Astrophysics and Kwasan Observatory, 
University of Kyoto. 2nd. edition. Pl. 40, 
41, 44, 76, 129, 130, 131, 136, 138. 

Mount Wilson Observatory (1919-58). 
[Unpublished photographs: Unnamed 
series (1938): 254, 255, 256. Alter series 
(1955-58): 140, 149. Pease series (1919): 
32, 33, 34, 35, 84. Wright series (1938): 
198,224B. 

'Ifie Stromng 5lstrorwmer: J.Jl..L.P.O. 153 o/o[ume 34, :l{um6er 4.:J-./Pvem6er, 1990 



Moyers, W.O. (1969). Lunar Orbiter 
Improved Photo Support Data, Lunar 
Orbiter N. NASA CR-66735-4. 

--=-:-- (1969a). Lunar Orbiter Improved 
Photo Support Data, Lunar Orbiter V. 
NASA CR-66735-5. 

Neison, Edmund (1876). [Pseud. for E. Nevill] 
The Moon. London: Longmans, Green, 
and Co. Cpts. XII & XXIII (Maps XVI & 
XVII). 

Pic du Midi Observatory (1961-66). 
[Unpublished photographs, all ACIC 
series: 12, 13, 21, 22, 23D, 24, 25B, 26C, 
27, 29A, 32F, 36C, 63B, 65B, 96A, 97 A, 
98A, !lOB, ll6B, 117f, li8f, ll9b, 
119d, 119j, 119m, 121a, 12lf, 122a, 
125L, 190B, 191C, 191D, 191F, 200A, 
200E, 2000, 200K, 203L, 203P, 204L, 
204T, 205A, 2050, 207CC, 207P, 208E, 
209E, 209F, 213H, 214C, 214K, 214T, 
220 I, 2301, 220L, 223E, 223L, 226C, 
207CC, 207P, 291A1, 292Bl, 293Al, 
294Al, 29501, 296Al, 297Hl, 298Pl, 
310E1, 311Al, 312Al, 313Al, 323Jl, 
324F1, 32911, 330F1, 394Cl, 426Ll, 
426W1,0480017,0481026,0503024, 
0515080,0516267,0534031,0597059, 
0598005,0599003,0600002,0600059, 
0606051,0607017,0608028,0609017. 

Pickering, William H. (1903). The Moon. 
New York: Doubleday, Page & Company. 
Pl. 8C, lOC, 12E. 

Planetary Cartography Working Group 
(1984). Planetary Cartography in the 
Next Decade ( 1984-1994). NASA SP-475. 
Washington: NASA. 

Rackham, T. (1955). "Hausen A." The Moon, 
Vol. 4, No. 2 (Dec.), 29 & 34. 

Rlikl, Antonin (1968). "A Comparison of 
American and Soviet Coordinate Systems 
for the Lunar Far Side." Icarus, Vol. 9, 
No.2 (Sept.), 395-397. 

-----,,....-- (1972). Maps of Lunar Hemi­
spheres. Vol. 33, Astrophysics and Space 
Science Library. Dordrecht, Holland: D. 
Reidel Publishing Co. Map 6. 

Schmidt, J.F. Julius (1963). Ed. by Paul 
Ahnert. Mondkarte in 25 Sektionen. 2nd 
Ed. Leipzig: Johann Ambrosius Barth 
Verlag. Sect. XXII, XXIII. 

Scott, David H. (1988). "Position-Angle 
Discrepancy in Watts' Lunar Limb 
Charts-An Explanation." Astron Journ., 
Vol. 95, No. 5 (May), 1567-1568. 

Scott, David H.; McCauley, John F.; & West, 
Mareta, N. (1977). Geologic Map of the 
West Side of the Moon. Map I-1034. 
Reston, VA: U.S.G.S. 

Shirao, Motomaro & Sato, Shozo (1987). 
Photographic Guide of the Moon. Tokyo: 
Rippu Shabo. Pl. 25P, 70P, SOP, 104P. 

Stone, D.J.W. (1963?). "Drygalski." The 
Moon, Vol. 11, No.3, 62. · 

U.S.S.R. Academy of Science (1975). Atlas 
Obratnoy Storony Luny. Chast III. (Atlas 
of the Reverse Side of the Moon. Part 
III.) Moscow: Nauka Press. 

'I1ie Stromng Jlstronomer: J.Jl..L.P.O. 154 

U.S.S.R. University of Moscow. Sternberg 
State Astronomical Institute (1979). 
Complete Map of the Moon. Moscow: 
Sternberg State Astronomical Institute. 
(1 :5,000,000 scale.) 

U.S. Geological Survey (1978). Shaded Relief 
Map of the Mare Orientale Area of the 
Moon. Map I-1089. Reston, VA: U.S.G.S. 
(1:5,000,000 scale.) 

---::-- (1981). Shaded Relief Map of the 
Lunar Polar Regions. Map I-1326-A. 
Reston, VA: U.S.G.S. 
(1 :5,000,000 scale.) 

---::---:-(1981a). Map Showing Relief and 
Surface Markings of the Lunar Polar 
Regions. Map I- 1 326-B. Reston, VA: 
U.S.G.S. (1 :5,000,000 scale.) 

U.S. NASA [National Aeronautics and Space 
Administration.] (1975). Catalog of Lunar 
Positions Based on the Lunar Positional 
Reference System (1974). St. Louis: 
Defense Mapping Agency. 

U.S. Naval Observatory-Flagstaff (1964-67). 
[Unpublished photographs, 61-inch reflec­
tor: 3014,3015,3169,3170, 3171,3171A, 
3171C,3514, 3515,3516,3517,3518, 
3519,3973,3996,3997,4027,4028,4029, 
4030, 5195, 519~5204,6874,707~ 
10311F, 70786. 

Van F1andern, T.C. (1970). "Some Notes on 
the Use of the Watts Limb-Correction 
Charts." Astron. Journ., Vol. 75, No.6 
(Aug.), 744-746. 

Viscardy, Georges (1985). Atlas-Guide 
Photographique de Ia Lune. L'Escarene, 
France: L' Association Franco 
Monegasque d' Astronomie. 

Watts, C.B. (1963).The Marginal Zone of the 
Moon. American Ephemeris and Nautical 
Almanac Astronomical Papers, No. 17. 
Washington: U.S. Naval Observatory. 

Westfall, John E. (1954). "Possible Very High 
Peak in Leibnitz Mountains." Journal, 
A.L.P.O., Vol. 8, Nos. 5-6 (May-Jun.), 76. 

--=------,- (1972). "Luna Incognita: The Last 
Frontier?" Journal, A.L.P.O., Vol. 23, 
Nos. 7-8 (Feb.), 118-122. 

---:::::-:-- (1972a). "Luna Incognita­
Observing Schedule for 1972." Journal, 
A.L.P.O., Vol. 23, Nos. 7-8 (Feb.), 
134-136. 

-....,..,.-~ (1972b). "Luna Incognita for 
1973." Journal, A.L.P.O., Vol. 24, 
Nos. 1-2 (Dec.), 20-22. 

___ (1974). "Luna Incognita for 1974." 
Journal, A.L.P.O., Vol. 24, Nos. 9-10 
(Feb.), 184-187. 

---:-- (1974a). "Luna Incognita for 1975." 
Journal, A.L.P.O, Vol. 25, Nos. 3-4 
(Dec.), 60-63. 

----,--- (1976). "Luna Incognita in 1976." 
Journal, A.L.P.O., Vol. 25, Nos. 11-12 
(Jan.), 227-231. 

----,--- (1977). "Luna Incognita in 1977." 
Journal, A.L.P.O., Vol. 26, Nos. 7-8 
(Feb.), 147-150. 

---:-- (1977a). "Luna Incognita for 1978." 
Journal, A.L.P.O., Vol. 27 (Dec.), 16-19. 

'J/o(ume 34, :i{umGer 4.:J{pvemGer, 1990 



--:-:-:-:-- (1977b). "Luna Incognita; Availa­
bility and Use of Outline Forms." Journal, 
AL.P.O., Vol. 27, Nos. 1-2 (Dec.), 19-21. 

--=-- (1978). "Luna Incognita: Progress 
Report and Prospects for 1979." Journal, 
AL.P.O., Vol. 27, Nos. 7-8 (Nov.), 
132-137. 

--=-:-- (1980). "Luna Incognita: Visibility 
Ephemeris for 1980." Journal, A.L.P.O., 
Vol. 28, Nos. 3-4 (Jan.), 68-71. 

-..,...--~ ( 1981 ). "Observing Luna Incognita 
in 1981." Journal, AL.P.O., Vol. 28, Nos. 
11-12 (Mar.), 222-227. 

-...,---:-:::-:::: (1982). "Observing Luna Incognita 
in 1982." Journal, AL.P.O., Vol. 29, Nos. 
5-6 (Apr.), 117-118 & 120-121. 

--=-- (1982a). "Luna Incognita: 1981-82 
Report and 1983 Observing Schedule." 
Journal, A.L.P.O., Vol. 22, Nos. 9-10 
(Dec.), 180-183. 

-----,----,-- (1983). "Luna Incognita: 1982-83 
Observations and 1984 Observing 
Schedule." Journal, AL.P.O., Vol. 30, 
Nos. 3-4 (Oct.), 61-65. 

-...,------:- (1984). "Luna Incognita: Complet­
ing the Map of the Moon." Sky and 
Telescope, Vol. 67, No.3 (Mar.), 284-286. 

--=-- (1984a). "Luna Incognita Technical 
Report I: Earth based Selenodetic 
Positions." Journal, AL.P.O., Vol. 30, 
Nos. 9-10 (Aug.), 199-205. 

--::::--- (1984b). "Luna Incognita: 1983/84 
Report and 1985 Observing Schedule." 
Journal, A.L.P.O., Vol. 30, Nos. 11-12 
(Nov.), 221-226. 

--=-- (1986). "Luna Incognita: 1984/85 
Report and 1986 Observing Schedule." 
Journal, A.L.P.O., Vol. 31, Nos. 5-6 
(Jan.), 119-123. 

--=--_(1986a). "Observing Luna 
Incognita in 1987." Journal, AL.P.O., 
Vol. 31, Nos. 11-12 (Nov.), 258-260. 

___ (1987). "Luna Incognita: 1985-86 

Progress Report." Journal, A.L.P.O., Vol. 
32, Nos. 1-2 (Mar.), 34-35. 

Whitaker, E.A. (1954). "The Lunar South 
Polar Regions." Journal, BAA., Vol. 64, 
No.6 (May), 234-243. 

___ (1956). "The Lunar S.S.E. Limb 
Region." The Moon; Vol. 4, No.3 (Mar.), 
64 & 66; Vol. 5, No. 1 (Sept.), 7-10. 

Whitaker, E. A. et al. ( 1963). Rectified Lunar 
Atlas. Supplement Number Two of the 
Photographic Lunar Atlas. Contributions, 
Lunar and Planetary Laboratory No. 3. 
Tucson: The University of Arizona Press. 
Fields 22, 28, 29, 30. 

Wilhelms, D.E.; Howard, K.A.; & Wilshire, 
H.G. (1979). Geologic Map of the South 
Side of the Moon. Map I-1162. Reston, 
VA: U.S.G.S. (1:5,000,000 scale.) 

Wilkins, H. Percy, ed. (1950). Eleventh Report 
of the Lunar Section. Memoirs, B.A.A. 
(July). pp. 18-19 (Demonax) & 20 
(Drygalski). 

___ ( 1952). "The Largest Lunar Crater." 
Journal, A.L.P.O., Vol. 6, No.5 (May), 
63-64. 

--=-,..,---(no date). Selected Lunar Charts. 
Folio !, No.7. [Unpublished; single copy 
at Lunar and Planetary Laboratory.] 

Wilkins, H. Percy; & Moore, Patrick. (1955). 
The Moon. New York: Macmillan. 

Zisk, S.H. (1970?). Radar Atlas of the Moon. 
Westford, MA: Haystack Observatory. 

Zisk, S.H.; Pettengill, G.H.; & Catuna, G.W. 
(1974). "High-Resolution Radar Maps of 
the Lunar Surface at 3.8-cm Wavelength." 
The Moon, Vol. 10, No. 1 (May), 17-50. 

Zond-8 (Space Mission). Frame 12-306. 
(Soviet image, supplied by U.S. National 
Space Science Data Center.) 

Section 1 Section 2 ht.l".s-iM Section ~ Sectiu 4 

I scale for Main Map L 

Figure 1.0. Index map and scale bar for the four sections of the map of Luna Incognita that 
follow (Fig. 1.1-1.4, pp. 156-159). See text on pp. 149-152 for further information. 
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Figure 1.1. Section One (northern) of the four sections of the map of Luna Incognita. 
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Figure 1.2. Section Two (north central) of the four sections of the map of Luna Incognita. 
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Figure 1.3. Section Three (south central) of the four sections of the map of Luna Incognita. 
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Figure 1.4. Section Four (southern) of the four sections of the map of Luna Incognita. 
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THE 1988-89 APPARITION OF SATURN: 
VISUAL AND PHOTOGRAPHIC OBSERVATIONS 

By: Julius L. Benton, Jr., A.L.P.O. Saturn Recorder 

ABSTRACT 

Visual and photographic studies of the planet Saturn and its Ring System were done by 
17 A.L.P.O. Saturn Section observers between 1989 FEB 20 and DEC 03 with instruments 
from 15.2 to 40.6 em in aperture. Saturn showed no significant increase in atmospheric activ­
ity, compared with the 1987-88 observing season. The number of observers and observations 
submitted had decreased slightly since the last apparition. Several persons conducted central­
meridian transit timings of atmospheric detail on Saturn, although none of the features timed 
lasted long enough for confirmation or for reliable rotation periods to be found. The inclina­
tion of the Rings to our line of sight, B, reached a maximum of +26°.13 during 1988-89, ex­
posing the Northern Hemisphere of the Globe and the north face of the Rings to our view. 
This report is accompanied by references, drawings, a photograph, graphs, and tables. 

INTRODUCTION 

A great variety of visual and photographic 
observations of the planet Saturn and its Rings 
was contributed throughout the 1988-89 
Apparition, constituting the basis of this ana­
lytical report. The observing season covered 
by these data was from 1989 FEB 20 to DEC 
03; and the observer participation, as well as 
the number of observations, was slightly less 
in 1988-89 than it had been in the 1987-88 
Apparition. Selected drawings and a photo­
graph accompany this report in order to en­
hance the reader's understanding of the text 
and tables. [Note that all dates and times in 
this report are in Universal Time, or "U.T."] 

Table 1, below, gives pertinent geocentric 
data for the 1988-89 Apparition of Saturn. 
Note that the saturnicentric latitude of the 
Earth, B, referred to the ring plane and posi­
tive when north, ranged from +24°.69 on 1989 
APR 22 to +26°.13 on 1989 SEP 19, while the 
saturnicentric latitude of the Sun, B', ranged 
from +25°.99 on 1989 FEB 20 down to 
+24°.70 on 1989 DEC 03. [4] 

Table 1. Geocentric Phenomena for Saturn 
in the 1988-89 Apparition. [4] 

Conjunction ....................... 1988 DEC 26, 12h 
Opposition ......................... 1989 JUL 02, 13 
Conjunction ....................... 1990 JAN 06, 21 

Opposition Data: 

Visual Magnitude ..................... +0.0 
B ............................................... +25°.40 
B' .............................................. +25°.47 
Declination of Saturn ............... -22°.40 

Globe Diameter: Equatorial ...... 18".34 
Polar .............. 16".73 

Rings: Major Axis .................... 41 ".61 
Minor Axis ................... 17".83 

Table 2, to the right, lists the 17 persons 
who submitted a total of 170 observations to 
the A.L.P.O. Saturn Section for the 1988-89 
Apparition, together with their observing 
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sites,number dates of observation, and de­
scriptions of their telescopes. 

Table 2. Contributing Observers, 
1988-89 Apparition of Saturn. 

No. of 
Observer & Location Dates 

Julius L. Benton, Jr. 12 
Wilmington Island, GA 

Matthew Boulton 2 
Redditch, Worcs., UK 

Dan Boyar 7 
Boynton Beach, FL 

David Fisher 
Kemsley, Kent, UK 

Marc A. Gelinas 4 
Quebec, Canada 

David L. Graham 13 
Richmond, N. Yorks., UK 

Francis G. Graham 1 
East Pittsburgh, PA 

Walter H. Haas 27 
Las Cruces, NM 8 

Charles B. Haun 36 
Morristown, TN 

Daniel Louderback 6 
South Bend, W A 

Clinton Lower 2 
Port Deposit, MD I 

Lee MacDonald I 
Newbury, Berks., UK 

Frank J. Melillo 6 
North Valley Stream, NY 

Thomas Mohney I 
East Pittsburgh, P A 

Gary T. Nowak 6 
Essex Junction, VT 

Richard W. Schmude 
CoiJege Station, TX 

Michael E. Sweetman 33 
Tucson, AZ 

Total Observations 170 

Total Observers 17 

Telescoi2S' Data* 

15.2cm (6.0in) REFR 

15.7cm (6.2in) NEW 

25.4cm(IO.Oin) NEW 

21.5cm (8.5in) NEW 

15.2cm (6.0 in) REFR 

15.2cm (6.0in) REFR 

40.6cm (16.0in) NEW 

31.8cm (12.5in) NEW; 
20.3cm (8.0in) NEW 
33.0cm ( 13.0in) NEW 

20.3cm (8.0in) NEW 

25.4cm (IO.Oin) NEW 
20.3cm (8.0in) NEW 
22.2cm (8.7in) NEW 

20.3cm (8.0in) S-C 

40.6cm (16.0in) NEW 

20.3cm (8.0in) NEW 

35.6cm (14.0in) S-C 

15.2cm (6.0in) REFR 

*Notes: CASS= Cassegrain; NEW= New­
tonian; REFR = Refractor; S·C = Schmidt· 
Cassegrain. 
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Figure 2. Distribution of observations of Saturn by month during the 1988-89 Apparition 
( 170 observations total). 

Figure 2, above, gives the distribution of ob­
servations by month in 1989, showing that 
73.5 percent of the observations were for the 
months of June through September, 1989, 
with a perceptible decline in frequency on ei­
ther side of this peak. Also, 35.9 percent of the 
observations were made before opposition, 1.8 
percent on the date of opposition (1989 JUL 
02), and 62.4 percent after that date. It is usual 
that the maximum observational coverage of 
Saturn falls near, or slightly after, opposition, 
as in 1988-89. This of course creates observa­
tional bias; and we encourage all observers to 
try to maintain a consistent surveillance of 
Saturn, starting as early in each apparition as 
possible, and continuing until Saturn nears the 
time of conjunction with the Sun. 

Figure 3, below, depicts our observations in 
terms of nation of observation; usually also 
nation of residence. Slightly over one-quarter 
of our observers were located outside the 
United States, in Europe and Canada, which 
demonstrates the continuing international 
scope of our work. The observations them­
selves show a somewhat stronger bias towards 
the United States, which supplied 86 percent 
of the observations. 

Finally, Figure 4 (lower right) graphs the 
1988-89 observations by type of instrument. 

Canada 
2.3% 

United 
Kingdom 
11.2% 

Figure 3. Distribution of Saturn observa­
tions by nation of observing site for the 
1988-89 Apparition. 
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Telescopes of classical design predominate as 
in other recent apparitions, due chiefly to their 
overall proven performance, soundness of de­
sign, and consistent favorable image contrast 
and resolution; all desirable for planetary 
work. All of the observations were made with 
instruments of 15 em. (6 in.) aperture or great­
er, and over half with instruments larger than 
25 em. (10 in.)8 

During the 1987-89 Apparition, seeing con­
ditions averaged about 5.9 on the A.L.P.O. 
Seeing Scale, which ranges from 0.0 for the 
worst possible seeing to 10.0 for perfect con­
ditions. Atmospheric transparency, expressed 
as the magnitude of the faintest star visible to 
the unaided dark-adapted eye near the object 
being observed; averaged about +4.1 during 
the same period. 

The writer expresses his warmest gratitude 
to all the dedicated colleagues mentioned in 
Table 2 who carried out their observations as 
part of the A.L.P.O. Saturn Section. We are 
continuing to encourage and coordinate more 
intense and comprehensive coverage of Saturn 
in coming apparitions. The cooperation of the 
A.L.P.O. with such groups as the British 
Astronomical Association (BAA) and the 
Royal Astronomical Society of Canada 
(RASC) continues, along with the potential of 

Figure 4. Distribution of observations of 
Saturn by type of instrument for the 1988-
89 Apparition. 
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Figure 5. The general appearance of Saturn near opposition (1989 JUL 02), with nomencla­
ture of the major Globe and Ring features that were easily detected with moderate apertures 
in good seeing. South is at the top; and global features move across the planet from right to 
left in this normal inverted view (i.e., as seen in an astronomical telescope near culmination 
in the Earth's Northern Hemisphere without a prismatic diagonal or other device that would 
reverse the image). East (E) and West (yo/) are shown in the International Astronomical 
Union (IAU) convention; in the celestial convention, East would be to the right. The numeri­
cal value of B is +25°.5. The text discusses the Globe and Ring features shown here. Some 
minor features that are not depicted include the: North Polar Belt (NPB), encircling the NPR; 
North North North Temperate Belt (NNNTeB), immediately north of the NNTeZ; Shadow of 
the Rings on the Globe (Sh Ron G); Terby White Spot (TWS), adjacent to the shadow of the 
Globe on the Rings (Sh G on R); Encke's Division (AS), when detected midway between 
Cassini's Division (AO or B10) and the outer edge of Ring A; and any intensity minima in 
several Ring components, as mentioned in the text. The easternmost and westernmost exten­
sions of the Rings are called the ansae. "p" stands for preceding and "f' for following. [1, 2] 

enlisting regular exchange of data between the 
A.L.P.O. and groups in Belgium, Germany, 
Spain, Hungary, and Australia. The writer was 
especially pleased to receive observations this 
apparition from members of the Junior 
Astronomical Society in Great Britain. We are 
attempting to establish and maintain a grow­
ing worldwide observer base in the coming 
years by using standardized and comparable 
methods of data acquisition. We heartily invite 
interested observers to join us, regardless of 
experience or nationality. 

THE GLOBE OF SATURN 

The descriptions that follow have been de­
rived from an analysis of the reports contribut­
ed to the A.L.P.O. Saturn Section throughout 
the 1988-89 Apparition. For the purpose of 
brevity, except when the identity of an indi­
vidual is judged to be pertinent to the discus­
sion, the names of observers are not given in 
the text. Numerical tables, graphs, drawings, 
and a photograph accompany the text; and 
readers should refer to them while reading this 
report. Features on the Globe are discussed in 
north-to-south order and can be identified by 
the nomenclature diagram in Figure 5. (at 
right). Southern Hemisphere features are not 
described because most of that portion of the 
Globe was hidden from view by the Ring 
System and was tilted away from the Earth in 
1988-89. Also, several individuals made cen­
tral-meridian (CM) timings of atmospheric de-
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tail on Saturn, although none of the features 
persisted long enough for confirmation or for 
reliable rotation rates to be derived. 

Northern Portions of the Globe.-The 
Northern Hemisphere of Saturn showed limit­
ed and sporadic activity during the 1988-89 
Apparition, and there was nearly the same fre­
quency of recurrent local phenomena when 
compared with the immediately preceding ob­
serving season. The detail recorded in the 
Northern Hemisphere of Saturn was mostly 
ill-defined in 1988-89, but there were a few 
instances when discrete features could be seen 
fairly easily in such regions as the NTeB 
(North Temperate Belt), NTrZ (North 
Tropical Zone), NEB (North Equatorial Belt), 
NEB Z (North Equatorial Belt Zone), and EZ 
(Equatorial Zone). 

The following summary of the Northern 
Hemisphere atmospheric features compares 
data between apparitions, as in prior Saturn 
observing reports, in ord~r to help the reader 
to appreciate the subtle but recognizable varia­
tions that may be underway, both seasonally 
and long-term. [3] It is often thought that the 
varying tilts of Saturn's rotational axis with 
respect to the Sun and the Earth play a rather 
significant role in any recorded changes in belt 
and zone intensities, such as are given in 
Table 3 (p. 164). The intensity scale used here 
is the A.L.P.O. Standard Numerical Relative 
Intensity Scale, where 0.0 is total black and 
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10.0 is the brightest possible condition; this 
scale is normalized by setting the outer third 
of Ring B at a standard brightness of 8.0. The 
sign of an intensity change is found by sub­
tracting a feature's 1987-88 intensity from its 
1988-89 intensity. 

With the possible exception of the EB 
(Equatorial Belt), all of the belts observed in 
1988-89 showed very little change in appear­
ance and intensity since 1987-88. Most of 
Saturn's zones remained at about the same in­
tensity between the two observing seasons, al­
though the NNfeZ (North North Temperate 
Zone) and NEB Z (North Equatorial Belt 
Zone) showed slight brightness increases (by 
+0.5 and + 1.3 mean intensity points respec­
tively). Also, the NTeZ (North Temperate 
Zone) was slightly darker in 1988-89 than it 
had been in 1987-88 (by -1.0 mean intensity 
points). Note that a change of only ±0.1 mean 
intensity points is considered to be of no sig­
nificance. As a matter of fact, a change is not 
likely to be significant unless it is greater than 
about 3 times its standard deviation. 

North Polar Region (NPR).-The bright­
ness of the diffuse, greyish NPR remained es­
sentially the same between 1987-88 and 1988-
89. The intensity of the NPR was always uni­
form. The diffuse greyish NPC (North Polar 
Cap) was detected on a few occasions in the 
extreme north. The NPB (North Polar Belt), 
sometimes seen encircling the NPR, was not 
reported in 1988-89. 

North North North Temperate Belt 
(NNNTeB).-This elusive feature was seen 
only rarely in 1988-89, and then as a some­
what fragmented linear, greyish belt. No activ­
ity was reported in the NNNfeB during this 
apparition. 

North North Temperate Zone (NNTeZ).­
The NNfeZ was sighted only once in 1988-
89; as a light yellowish-white region, quite 
diffuse, and uniform in intensity from limb to 
limb. If a single observation is of any value, 
the NNfeZ was second only to the EZ in 
being the brightest zone on Saturn in 1988-89. 

North North Temperate Belt (NNTeB).­
During 1988-89, the NNTeB was described as 
a very thin, continuous linear feature, yellow­
ish-grey in hue, and devoid of detail or inten­
sity variations. It was very slightly lighter in 
1988-89 than in 1987-88; by +0.2 mean inten­
sity points. 

North Temperate Zone (NTeZ).-When 
seen during 1988-89, the yellowish-grey 
NTeZ showed occasional intensity differenc­
es, but these were always poorly defined. The 
NTeZ was equal to the NEB Z in intensity 
throughout the apparition, and it showed a de­
crease in overall brightness ( -1.0 mean intensi­
ty points) from 1987-88 to 1988-89. 

North Temperate Belt (NTeB).-This belt 
was frequently reported as narrow, usually 
uniform, very dusky yellow to yellowish-grey, 
and extending from one limb to the other. The 
NTeB was essentially the same intensity dur­
ing 1988-89 as it had been in 1987-88. 
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North Tropical Zone (NTrZ).-The NTrZ 
in 1988-89 exhibited little if any change in 
brightness compared with 1987-88 (+0.1 mean 
intensity points). Observers assigned a yellow­
ish-white color to this zone in 1988-89, and it 
was usually constant in intensity from limb to 
limb throughout the observing season. 

North Equatorial Belt (NEB).-The grey­
ish-brown NEB was sometimes seen in 1988-
89 as differentiated into the NEBn and NEBs, 
where n refers to the North Component and s 
to the South Component, separated by the 
NEB Z (North Equatorial Belt Zone). This as­
pect was slightly less common in 1988-89 
than it had been in 1987-88; the NEB was 
most often seen as a single feature in 1988-89. 
As a whole, the NEB was the same intensity 
in 1988-89 as it had been in 1987-88, and was 
actually the darkest belt on the Globe during 
the 1988-89 Apparition. 

The dark greyish-brown NEBn showed no 
change in mean brightness from 1987-88 to 
1988-89. Observers detected several discrete 
features within the NEBn, but none lasted 
long enough for usable CM transit timings. 

The greyish-brown NEBs was the darkest 
belt on the Globe of Saturn in 1988-89, which 
had been the case in 1987-88 and for several 
other recent apparitions. The NEBs showed a 
very slight increase in overall intensity since 
1987-88 (by +0.2 mean intensity points). This 
belt component showed a mainly uniform 
overall intensity across the Globe for much of 
the 1988-89 observing season, but there were 
some short-lived and ill-defined features re­
ported in the NEBs by a few observers in 
1988-89. 

The NEB Z was yellowish-grey during most 
of 1988-89, showing a mean intensity increase 
of+ 1.3 since 1987-88. As in the immediately 
previous apparition, the NEB Z, like the 
NTeZ, was one of the darkest zones on Saturn 
in 1988-89. While these factors might suggest 
that the NEB Z would be troublesome to see 
in contrast with its environment, particularly 
as the Globe north of the NEB was the same 
average intensity as the NEB Z, the location of 
this zone between the darker NEBn and NEBs 
made it possible to distinguish the feature. The 
NEB Z showed little or no activity during the 
1988-89 Apparition, and remained uniform in 
intensity throughout the observing season. 

Equatorial Zone (EZ).-Unless otherwise 
specified, this report concentrates on the EZn, 
which was pale yellowish-white in 1988-89, 
and showed a very slight brightness decrease 
of -0.3 mean intensity points as compared 
with 1987-88. The EZn remained the brightest 
global feature on Saturn in 1988-89, and in­
deed was brighter than any portion of the 
Rings other than Ring B and the Terby White 
Spot (TWS). A few discrete phenomena were 
sighted in the EZ during 1988-89, but these 
vague whitish spots and wispy festoons faded 
rapidly. The intensity of the EZn thus re­
mained fairly constant during the entire 1988-
89 observing season, although Haas reported a 
subtle brightening trend in the EZ from May 
to October, 1989. 
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Table 3. Visual Numerical Intensity Estimates and Colors: Saturn, 1988-89. 

Relative Intensit;x: (1988-89) 
Number Mean and Change 

of Standard Since 
Globe/Ring Feature Estimates Deviation 1987-88 "Mean" Derived Hue (1988-89} 

ZONES: 

NPC 5 3.7 ±1.06 Diffuse greyish 
NPR 78 4.1 ±0.66 0.0 Greyish 

NNTeZ 1 6.5 ------- +0.5 Light yellowish-white 
NTeZ 6 5.3 ±0.61 -1.0 Dusky yellowish-grey 
NTrZ 54 6.0 ±0.76 +0.1 Yellowish-white 

NEBZ 9 5.3 ±0.88 +1.3 Yellowish-grey 

EZn 82 6.9 ±0.46 -0.3 Pale yellowish-white 

Globe North of NEB 67 5.3 ±0.48 0.0 Dusky yellowish-grey 

BELTS: 

NNNTeB 1 4.0 ------- Greyish 
NNTeB 4 4.5 ±0.94 +0.2 Yellowish-grey 
NTeB 33 4.0 ±0.30 -0.1 Yellowish-grey 
NEB (entire) 67 3.4 ±0.50 0.0 Greyish-brown 

NEBn 19 3.4 ±0.27 0.0 Greyish-brown 
NEBs 16 3.3 ±0.29 +0.2 Greyish-brown 

EB 2 3.8 ------- -0.6 Yellowish-grey 

RINGS: 

Ring A (entire) 68 5.9 ±0.84 0.0 Dull white 
Ring A (outer half) 5 6.8 ±0.00 0.0 Dusky white 
Encke's Division (A5; ansae) 1 3.8 ------- -0.2 Dark grey 
Ring A (inner half) 5 6.6 ±0.00 +0.1 Dusky white 

Cassini's Division (AO/BlO; ansae) 36 0.9 ±0.58 0.0 Greyish-black 

Ring B 
Ring B (outer third) 94 8.0 [Standard] White. 
Ring B (inner two-thirds) 43 7.2 ±0.52 0.0 Yellowish-white 
Intensity Min. (Bl; ansae) 12 2.8 ±0.20 -0.1 Dark grey 

Ring C (ansae) 66 1.0 ±0.59 +0.1 Greyish-black 
Crape Band 38 3.2 ±0.48 +0.5 Very dark grey 

ShGonR 35 0.5 ±0.31 -0.1 Greyish-black 

TWS 20 7.7 ±0.08 +0.3 White 

Notes: For nomenclature see text and Figure 5 (p.162). A letter with a digit (e.g., A5) refers to 
a location on the Ring specified in terms of units of tenths of the distance from the inner edge to 
the outer edge. Visual numerical relative intensity estimates (visual surface photometry) are 
based upon the A.L.P.O. Intensity Scale, where 0.0 denotes complete black (shadow) and 10.0 
refers to the most brilliant condition (very brightest Solar System objects). The adopted scale for 
Saturn uses a reference standard of 8.0 for the outer third of Ring B, which appears to remain sta­
ble in intensity for most Ring inclinations. All other features on the Globe or in the Rings are 
compared systematically using this scale, described in the Saturn Handbook, which is issued by 
the A.L.P.O. Saturn Section. [2] The "Change Since 1987-88" is in the sense of the 1987-88 
value subtracted from the 1988-89 value, "+" denoting an increase in brightness and"-" indicat­
ing a decrease (darkening). When the apparent change is less than about 3 times the standard de­
viation, it is probably not statistically significant. 

The Equatorial Band (EB) was rarely de­
tected during the 1988-89 Apparition; and 
when seen well, the EB was dull yellowish­
grey in hue, very narrow, linear, and discon­
tinuous along its extent across the Globe. It 
was slightly darker in overall mean intensity 
as compared with 1987-88 (by -0.6 intensity 
points). 

'ITu. Stro([ing 5lstrorwmer: J.5t.L.P.O. 164 

Shadow of the Rings on the Globe (SH 
Ron G).-The Shadow of the Rings on the 
Globe of Saturn was not described by any of 
the observers who submitted data to the 
A.L.P.O. Saturn Section in 1988-89. [Due to 
the relative values of B and B', it should 
have overlapped the Crape Band at some 
times in the 1988-89 Apparition. Ed.] 
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Table 4. Latitudes of the Belts of Saturn in the 1988-89 Apparition. 

Form of Latitude 
CAll are North: change from 1987-88 in parentheses) 

Saturnian Belt Plapetocentric Eccentric Planetographic 
00 0 00 0 00 0 

South edge NPR 
CenterNTeB 
North edge NEB 
South edge NEB 

75.3±2.9 
35.4±1.9 
21.4±1.2 
16.0±1.4 

(·2.1) 
(+1.2) 
(-1.0) 
(-0.9) 

76.8±2.7 
38.5±2.0 
23.7±1.2 
17.8±1.5 

(-1.9) 
(+1.3) 
(-1.1) 
(-1.0) 

78.2±2.4 
41.7±2.0 
26.2±1.3 
19.8±1.6 

(-1.7) 
( + 1.5) 
(-1.1) 
(-1.1) 

Notes: For nomenclature see Figure 5 (p. 162). The latitude calculations assume a tilt, B, of 
+25°.7±0°.4 (while the tilt with respect to the Sun, B', was +25°.3±0°.6. Planetocentric lati­
tude is the angle between the equator and the feature as seen from the center of the planet. 
Planetographic latitude is the angle between the surface normal and the equatorial plane. 
Eccentric, or "Mean," latitude is the arc-tangent of the geometric mean of the tangents of the 
other two latitudes. The change is the result of subtracting the 1987-88 latitude value from 
the 1988-89 latitude value. 

Shadow of the Globe on the Rings (SH G 
on R).-The shadow of the Globe on the 
Rings was seen as a greyish-black feature in 
1988-89, regular in form. Any deviation from 
the true black condition (intensity 0.0) can be 
attributed to poor seeing and the possible scat­
tering of light in our atmosphere, the tele­
scope, and even the observer's eye. 

LATITUDES OF SATURN'S BELTS 

Using the visual method developed by Haas 
many years ago, several observers in 1988-89 
estimated the fraction of the polar semidiame­
ter of the planet's disk that was subtended on 
the central meridian (CM) between the limb 
and the features whose latitude was sought. 
[Note that this method was complicated by the 
fact that Saturn's south limb was hidden by 
the Rings in 1988-89. Ed.] This method is 
easy to use, and its results compare well with 
similar values obtained by filar-micrometer 
measurements. After mathematical reduction, 
the resulting latitudes appear in Table 4 
(above). It must be remembered, however, that 
it is often risky to place too much confidence 
on data from only a few observers; but Haas 
particularly has been using this technique for a 
number of years with good, usually reliable 
results. Use of this method is slowly catching 
on among observers; and others are strongly 
urged to employ this simple procedure when­
ever it is possible, even if a filar micrometer 
might be available. This advice is given be­
cause data from both methods would be useful 
for comparison. A full discussion of this visu­
al technique can be found in the Saturn 
Handbook. [2] 

THE RINGS OF SATURN 

This section covers the analysis of the ob­
servations of Saturn's Ring System that were 
submitted throughout the 1988-89 Apparition, 
together with a continuing comparative study 
of the mean intensity data as has been done for 
previous apparitions. As noted in the Introduc­
tion, the northern face of the Rings was very 
well presented to our view during the 1988-89 
observing season 
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Ring A.-Taken as a whole, Ring A was 
dull white throughout the 1988-89 Apparition, 
maintaining the same mean intensity as in 
1987-88. There were only a few sightings of 
Encke's Division (A5) made during the appa­
rition, at the Ring ansae in favorable seeing, 
and there were no other intensity minima re­
corded in Ring A in 1988-89. On 1989 JUL 30, 
at 02h 30m U.T., using a 20.3-cm (8.0-in.) 
Newtonian telescope at 150x with good see­
ing, Nowak glimpsed a whitish spot of intensi­
ty 7.0 on the east ansa (E in the Saturnian or 
IAU sense; i.e., preceding) of Ring A; but 
there were no confirming reports by other in­
dividuals. 

bn fairly infrequent occasions, Ring A was 
described as having distinct outer and inner 
halves in terms of intensity. In 1988-89, the 
outer half of Ring A was pale dusky white and 
was +0.2 mean intensity points lighter than the 
dusky white inner half. Compared with the 
1987-88 Apparition, the outer half of Ring A 
showed no significant change in brightness, 
while the inner half remained virtually stable 
in intensity throughout the apparition. 

Ring B.-The outer third of Ring B is the 
adopted standard of reference for the A.L.P.O. 
Saturn Intensity Scale, with an assigned value 
of 8.0. Throughout 1988-89, this portion of 
Ring B appeared white, stable in intensity, and 
the brightest feature on either Saturn's Globe 
or its Rings. 

The inner two-thirds of Ring B, chiefly yel­
low-white in hue, was of the same mean inten­
sity in 1988-89 as it had been in the immedi­
ately preceding apparition. It was also mostly 
uniform in intensity throughout 1988-89. An 
intensity minimum at B 1 (i.e., located at about 
0.1 of the distance from the inner to the outer 
edge of Ring B) was sighted on several occa­
sions in 1988-89, and was described as dark 
greyish and perceptible only at the ansae. 
Also, there were extremely rare sightings of 
intensity minima at B5 and B7 during the ap­
parition. Such features are not permanent, as 
was shown by the Voyager Missions. 

On 1989 JUN 16, at 07h 40m U.T., using a 
15.2-cm. (6.0-in.) refractor at 290x and with 
good seeing, Sweetman sighted what he de-
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scribed as "two dark fans" of intensity 4.5 ex­
tending halfway out in Ring B at the W ansa 
(W in the Saturnian or IAU sense; following). 
No other individuals reported similar phenom­
ena on the Rings; neither on the same evening 
nor at any other time during the 1988-89 
Apparition. 

Cassini's Division (AO or 810).-This 
feature was usually easily visible at the ansae 
in 1988-89, and it was often seen all the way 
around the Rings in optimum seeing. It had a 
grayish-black appearance in 1988-89, equal in 
intensity to its 1987-88 appearance. [As with 
the Sh G on R, the deviation from a true black 
appearance is due to scattered light. Ed.] 
Observers with even the smallest apertures 
had little difficulty in finding this feature dur­
ing the observing season. 

Ring C.-In 1988-89, individuals reported 
Ring C as fairly easy to see at the ansae, very 
dark grayish-black in color, and largely un­
changed in appearance when compared with 
1987-88. Here, it should be noted that faint or 
narrow Ring features are usually easier to per­
ceive, and look darker, when the Rings are 
open to the extent that they were in 1988-89. 

The Crape Band, or Ring C as projected 
onto the Globe, was +0.5 mean intensity 
points brighter in 1988-89 than in the immedi­
ately preceding apparition. In the more recent 
apparition, observers described this feature as 
uniform in intensity and dark grey in color. 
During the past several apparitions, the 
Saturnicentric latitudes of the Sun and Earth 
have conspired to bring about the partial coin­
cidence of the Crape Band with the Shadow of 
Ring C on the Globe. 

Ring Components Other Than A, B, or 
C.-Neither Ring D (inside Ring C) or Ring E 
(outside Ring A) was reported in 1988-89. Of 
course, these Ring components are exceeding­
ly difficult to observe except under the best 
conditions and using large apertures. 

Terby White Spot (TWS).-The TWS is 
an occasionally-reported brightening of the 
Rings adjacent to the Sh G on R. Several ob­
servers during 1988-89 recorded a bright, pale 
yellowish-white TWS. However, as in 1987-
88, this feature did not show the dazzling ap­
pearance characteristic of much earlier appari­
tions. Nonetheless, it was the brightest object 
in Saturn's Rings except for the outer third of 
Ring B. The TWS is probably a contrast phe­
nomenon and is not usually considered to be 
an important, or intrinsic, Saturnian feature. 
Even so, it would be interesting to investigate 
any correlation that may exist between the 
brilliance of the TWS and varying Ring tilt, as 
well as its prominence or appearance in col­
ored filters. 

Bicolored Aspect of the Rings.-This 
phrase refers to reported differences in color 
between the two ansae of the Rings. Several 
persons attempted to observe this phenomenon 
in 1988-89, and variations were seen in the 
brightness of the east and west ansae (IAU 
system) when compared with W47 (Wratten 
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47) or W80A blue filters and W25 or W23A 
red filters. On 30 separate evenings, observers 
reported suspected differences in brightness 
between the E and W ansae when compared in 
blue and red light. Table 5 (p. 167) lists the 
circumstances of these observations. The read­
er should note that the directions in Table 5 
refer to Saturnian or IAU directions, where 
west is to the right in a normally-inverted tele­
scopic image which has south at the top; also 
see Figure 5 (p. 162) for the proper orienta­
tion. 

This Recorder cannot stress too strongly the 
critical need for observers to participate in a 
simultaneous observing program which em­
phasizes, among other projects when viewing 
Saturn, a meaningful study of the bicolored 
aspect of the Rings. Increased observer partic­
ipation in this program during 1988-89 was 
most encouraging. The greater the number of 
persons taking part in this effort, making sys­
tematic visual and photographic filter esti­
mates, the greater the chance of shedding 
some new light on this intriguing and yet-to­
be-understood phenomenon. 

SATURN'S SATELLITES 

A very small fraction of the contributors to 
our observing programs in 1988-89 submitted 
visual studies of Saturn's satellites. No truly 
systematic program of visual magnitude esti­
mates was undertaken, nor any other investi­
gations of the satellites. We encourage observ­
ers to pursue satellite studies as outlined in the 
Saturn Handbook. [2] 

SIMULTANEOUS 0BSERV A TIONS 

There happened to be several simultaneous 
observations in the 1988-89 Saturn 
Apparition; where persons indeperidently ob­
served at the same date and time. If more indi­
viduals carried out all of the routine programs 
discussed in this report, there would be a 
greater chance for observers, for example, to 
make drawings, intensity estimates, or central­
meridian transits at the same time. 

Simultaneous observations during 1988-89 
provided limited confirmation of the appear­
ance of Saturn. This is encouraging, and we 
invite readers who are interested in helping 
bring about more confirming reports to write 
to the A.L.P.O. Saturn Section for guidance 
and instructions. 

OCCULTATION OF 28 SAGITTARII 

On 1989 JUL 03, an exceedingly rare occul­
tation of a naked-eye star by Saturn, its Rings, 
and its satellite Titan, took place. The star was 
28 Sagittarii, at visual magnitude +5.4, and of 
spectral type K4. Due to the wealth of data 
that was submitted for this spectacular event, a 
separate report is being prepared for publica­
tion in a future issue of this Journal . 

CONCLUSIONS 

Members of the A.L.P.O. Saturn Section 
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Table 5. Observations of the Bicolored Aspect of Saturn's Rings in 1988-89. 

Notes: Telescope types are as in Table 2 (p. 160). Seeing is on the 0-10 A.L.P.O. scale (seep. 
161). Transparency is the limiting visual magnitude in the vicinity of Saturn. Under "Filter," 
B refers to the blue W47 or W80A filters, IL to integrated light (no filter), and R to the red 
W25 or W23A filters. E means that the E ansa was brighter than the W, W that the W ansa 
was brighter, and = means that the two ansae were equally bright. 

1989 Telescope Magnifi- See- Trans- Filter 
Observer U.T. Date and Time T:x:~e and A!lerture cation ing_ ~arancy .li IL R 
Haas MAY09 09:47-10:37 NEW 31.8cm (12.5in) 366x 3.5 3.5 E 
Haas MAY20 08:56-10:11 NEW 31.8cm (12.5in) 366X 4.0 4.5 E 

Haas JUN05 08:58-09:45 NEW 20.3cm (8.0in) 231X 4.0 4.5 E 
Haas JUN 18 06:41-07:00 NEW 20.3cm (8.0in) 231X 3.5 4.0 E 
Lower JUN 19 04:50-05:15 NEW 20.3cm (8.0in) 348X 4.0 6.0 E E 
Haas JUN24 05:40-06:57 NEW 31.8cm (12.5in) 366x 4.0 2.5 E 
Haas JUN26 06:20-07:09 NEW 31.8cm (12.5in) 366X 4.0 3.5 E 
Haas JUN29 05:28-05:55 NEW 31.8cm (12.5in) 366X 3.5 3.5 E 

Lower JUL 01 06:00-06:30 NEW 25.4cm (lO.Oin) 362x 7.0 6.0 E 
Haas JUL01 07:29-08:19 NEW 31.8cm (12.5in) 366X 5.5 3.5 E 
Haas JUL02 04:35-05:28 NEW 20.3cm (8.0in) 231X 3.5 3.5 E 
Haas JUL 11 03:42-05:30 NEW 20.3cm (8.0in) 231X 4.0 4.0 E 
Boyar JUL22 03:00-03:30 NEW 25.4cm (10.0in) 408X 5.5 4.0 E 

Boyar AUG02 01:20-01:35 NEW 25.4cm (10.0in) 272X 7.0 4.5 ww 
Haas AUG03 04:25-04:59 NEW 31.8cm (12.5in) 321X 4.0 3.0 E 
Haas AUG09 03:11-05:14 NEW 31.8cm (12.5in) 366X 4.0 4.0 w 
Haas AUG 11 02:54-03:48 NEW 31.8cm (12.5in) 303x 3.5 4.0 E 
Haas AUG22 03:00-04:55 NEW 31.8cm (12.5in) 366X 4.0 3.5 E 

Haas SEP02 02:37-04:18 NEW 20.3cm (8.0in) 406X 3.5 2.0 E 
Haas SEP 10 02:27-03:32 NEW 31.8cm (12.5in) 366x 3.5 4.5 E 
Haas SEP 11 03:07-03:49 NEW 31.8cm (12.5in) 321X 3.5 4.5 E 
Haas SEP 16 03:01-03:12 NEW 20.3cm (8.0in) 271X 4.5 3.5 E 
Haas SEP27 01:22-02:42 NEW 31.8cm (12.5in) 428x 4.5 3.5 E 
Haas SEP29 02:02-02:42 NEW 31.8cm (12.5in) 366x 3.0 4.0 E 

Haas 0CT13 01:21-02:23 NEW 31.8cm (12.5in) 366X 3.5 4.0 E 
Haas OCT 17 01:16-01:47 NEW 31.8cm (12.5in) 321X 3.0 4.0 E 
Haas 0CT23 01:26-02:27 NEW 31.8cm (12.5in) 321X 3.5 4.0 E 

Haas NOV05 00:49-00:58 NEW 31.8cm (12.5in) 321X 3.0 4.0 E 
Haas Nov25 00:47-00:55 NEW 31.8cm (12.5in) 321X 2.0 3.5 E 

Haas DEC03 00:35-00:53 NEW 31.8cm (12.5in) 321X 2.0 3.0 E 

REFERENCES contributed very meaningful observations of 
the planet during 1988-89, as in other recent 
years, which has been very gratifying. Our 
goal of improving observational coverage dur­
ing each apparition is being achieved, along 
with a spread of emphasis throughout all 
Saturn observing programs, which increases 
the opportunity for simultaneous observations. 
Furthermore, the international observational 
cooperation has been very good, and we hope 
that these trends will continue in coming ob­
serving seasons. 

1. Alexander, A.F. O'D. The Planet Saturn. 

Once again, this Recorder expresses his 
gratitude to everyone mentioned in this report 
for their lasting dedication. New observers of 
Saturn are always needed and are most wel­
come. We urge interested readers to contact 
the A.L.P.O. Saturn Section to find out how 
their teamwork can bring worthwhile scientif­
ic results and increase our knowledge about 
the planet Saturn. 
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London: Faber and Faber, 1962. 

2. Benton, J.L., Jr. Visual Observations of the 
Planet Saturn: Theory and Methods (the 
Saturn Handbook). Savannah, GA: 
Review Publishing Company, 1988. (5th 
revised edition). 

3. . "The 1987-88 Apparition of 
Saturn: Visual and Photographic Observa­
tions." J.A.L.P.O., 34, No.2 (April, 
1990), pp. 49-59. 

4. United States Naval Observatory. The 
Astronomical Almanac. Washington: U.S. 
Government Printing Office. (Annual 
publication; the 1988 and 1989 editions 
were used for this report, which were pub­
lished in 1987 and 1988, respectively.) 
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SELECTED DRAWINGS AND PHOTOGRAPH, 1988-89 APPARITION OF SATURN 

Note: For the drawings and photograph in Figures 6-13, unless otherwise stated, seeing is on the 
0-10 A.L.P.O. Scale and transparency is in terms of the limiting naked-eye visual magnitude in 
the vicinity of Saturn. South is at the top of these views. CM(I) is the longitude of the central 
meridian in rotational System I; CM(II), in rotational System II. [System I applies to the NEBs, 
EZ, and SEBn, with a period of 844°.3 per day; System II applies to the rest of the Ball, with a 
period of 812°.0 per day.] 
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------·-~ Figure 6. Drawing by 
Michael E. Sweetman. 
1989 JUN 16, 07h40m-
08h18m U.T. 15.2-cm. 

I (6.0-in.) refractor, 290x; 
diagonal used (laterally 
reversed image) No filter. 
Seeing 7-8; 
transparency +4.0. 
CM(I) = 177 -199°; 
CM(II) = 249-271°. 
B = +25°.1; B' = +25°.5. 
Note "spokes" on inner 
following ansa of Ring B. 

Figure 7. Photograph by Frank J. 
Melillo. 1989 JUL01, 05h00m U.T. 
20.3-cm. (8.0-in.) Schmidt­
Cassegrain, f/140; 8 Sec. 
on Kodak 2415 Film. 
Seeing 9; transparency +4.5. 
CM(I) = 149°; CM(II) =101 °. 
B = +25°.4; B' = +25°.5. 

Figure 8. Drawing by 
David L. Graham. 
1989 JUL 03, 23h20m-
23h35m U.T. 15.2-cm. 
(6.0-in.) refractor, 286X. 
Seeing II-III on the 
Antoniadi Scale (good­
moderate). 
CM(I) = 323-332°; 
CM(II) = 185-194°. 
B = +25°.4; B' = +25°.5. 
Note Encke Division in 
Ring A. 

ll Figure 9. Drawing by 
Michael E. Sweetman. 
1989 JUL 13, 07h10m-
07h41m U.T. 15.2-cm. 

I
I (6.0-in.) refractor, 182-

280X; diagonal used (lat-

1

, era!! y reversed image). 
No filter. Seeing 5-7; 

II transparency +5.0. 
CM(I) = 278-296°; 

B = +25°.6; B' = +25°.4. 
Note NEB projection into 
EZnearCM. 

-

- CM(II) = 199-2J60. 

-------
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SELECTED DRAWINGS, 1988-89 APPARITION OF SATURN-CONTINUED. 

Note: For the drawings and photograph in Figures 6-13, unless otherwise stated, seeing is on the 
0-10 A.L.P.O. Scale and transparency is in terms of the limiting naked-eye visual magnitude in 
the vicinity of Saturn. South is at the top of these simply-inverted views. CM(I) is the longitude 
of the central meridian in rotational System I; CM(II), in rotational System II. 
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Figure 10.Drawing by 
Michael E. Sweetman. 
1989 AUG 14, 05h15m-
06h02m U.T. 15.2-cm. 
(6.0-in.) refractor, 435X; 
diagonal used (laterally 
reversed image). 
No filter. Seeing 7. 
CM(I) = 229-256°; 
CM(II) = 199-225°. 
B = +25°.9; B' = +25°.3. 
Note dark condensation in 
northern EZ and light 
oval near following limb 
inNTrZ. 

Figure 11. Drawing by 
Michael E. Sweetman. 
1989 AUG 20, 04h05m-
04h38m U.T. 15.2-cm. 
(6.0-in.)refractor, 290-
435x; diagonal used (lat­
erally reversed image). 
No filter. Seeing 8; 
transparency +4.5. 
CM(I) = 213-233°; 
CM(II) = 351-010°. 
B = +26°.0; B' = +25°.2. 
Note Ring division near 
inside preceding edge of 
Ring B and projections on 
south edge of NEB. 

Figure 12. Drawing by 
Michael E. Sweetman. 
1989 SEP 16, 02h20m-
02h52m U.T. 15.2-cm. 
(6.0-in.) refractor, 435X; 
diagonal used (laterally 
reversed image). No filter. 
Seeing 7; twilight. 
CM(I) = 266-285°; 
CM(II) = 255-273°. 
B = +26°.1; B' = +25°.1. 
Note Encke Division in 
Ring A and two apparent 
divisions on preceding 
ansa of Ring B. 

Figure 13. Drawing by 
David L. Graham. 
1989 SEP 24, 18h53m-
19h18m U.T. 15.2-cm. 
(6.0-in.) refractor, 
222& 286X. 
Seeing III on the 
Antoniadi Scale 
(moderate). 
CM(I) = 043-057°; 
CM(II) = 110-124°. 
B = +26°.1; B' = +25°.1. 

o/o[ume 34, 9{um6er 4. 'J{gvem6er, 1990 



A.L.P .0. SOLAR SECTION OBSERVATIONS FOR ROT A TIONS 
1818-1823 (1989 JUL 19 TO DEC 29) 

By: Richard E. Hill, A.L.P.O. Solar Recorder 

ABSTRACT 

This report summarizes A.L.P.O. Solar Section observations for Rotations 1818-1823 
(1989 JUL 19 to DEC 29), particularly in terms of the morphology and development of sun­
spot groups. Twenty-four observers in five nations contributed visual drawings and integrat­
ed-light and Hydrogen-a photographs. Solar activity tended to increase in this period; the 
highest rotational means were slightly lower, but the lowest means were somewhat higher, 
than those for the previous reporting period (Rotations 1813-1817). 

INTRODUCTION 

Solar activity tended to increase during 
this reporting period, although its highest rota­
tional sunspot-number means fell short of the 
maximum during the previous reporting peri­
od (Rotations 1813-1817). 

As has become usual, the Relative 
American Sunspot Number, RA, was higher 
than the International Number, RI, for most of 
the period, in both daily and rotational means. 
The activity levels for both forms of Daily 
Sunspot Numbers fell below 100 on only 
about a dozen days out of 164. 

The mean rotational RI for this period was 
164.8, with a low of 153.4 for Rotation 1820 
and a high of 17 4.1 for Rotation 1819. The 
mean six-rotation RA was 167.2, dropping to a 
low of 154.3 in Rotation 1820 after a high of 
179.8 in Rotation 1818. The highest daily RI 
was 296 (on 1989 SEP 09 in Rotation 1819), 
while the lowest was 50 (on 1989 AUG 28; 
Rotation 1819). Oddly, although the rotational 
means for RA were usually higher than the RI 
means, the highest daily RA was only 284 (on 
1989 SEP 09 and 10, in Rotation 1819), while 
the lowest was 68 (1989 AUG 28 in Rotation 
1819). Figure 14 (p. 171) graphs the rotational 
means for both forms of Sunspot Number. 

Most of the terms and abbreviations used 
in this report are explained in our Section's 
Handbook for the White Light Observation of 
Solar Phenomena, which can be obtained 
from the writer for $US 6.00; in the 
AL.P.O.S.S. Monochromatic Handbook, 
available from Co-Recorder Randy Tatum 
(both addresses on inside back cover); or in 
The New Observe and Understand the Sun, 
available from the Astronomical League Book 
Service. References to sunspot classification 
are explained in "A Three-Dimensional 
Sunspot Classification System" (J AL.P.O., 
33, Nos. 1-3, Jan., 1989, pp. 10-13) and the 
Astronomical League book mentioned above. 

The times used in this report are all 
Universal Time (U.T.) Directions are abbrevi­
ated (e.g., N, SW) and are heliographic as are 
angular dimensions. The term "group" refers 
to white-light collections of sunspots, while 
"region" designates whole areas of magnetic 
activity in all wavekng!hs. In a change from 
previous reports, active regions will be enu­
merated with the prefix AR, and are designat­
ed as such by the Space Environmental 
Services Center (SESC) of the National 
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Oceanic and Atmospheric Administration 
(NOAA) in Boulder, Colorado. 

Twenty-four observers from five countries 
contributed their data to this report. This rep­
resents the largest number of observers and 
countries yet for our rotational reports. More 
and more of these participants are becoming 
regular observers. Due to their spacing in ter­
restrial longitude, we have essentially 24-hour 
per day coverage of the Sun! 

Table 1. Observers Contributing to This Report. 

Telesco12e 
Observer cm._lL~ Location 

Bartell. W. 6 16 Refr. B.C., Can. 
Clement, D. 8 15 Mak. Louisiana, USA 
Dragesco, J. 36 10 S.-C. France 
Flugan, S. 25 10 S.-C. Ohio, USA 
Garcia, G. 20 10 S.-C. Illinois, USA 
Garfinkle, R. 25 10 S.-C. California, USA 
Gelinas, M.A.15.212 Refr. Quebec, Can. 
Glaser, P. 20 10 S.-C. California, USA 
Hill, R.E. 6 13 Refr. Arizona, USA 
Kavanagh, 0. 20 10 S.-C. New Jersey, USA 
Kazmer, L. 20 10 S.-C. Illinois, USA 
Luciuk, M. 20 10 S.-C. New Jersey, USA 
Maxson, P. 15 6 New. Arizona, USA 
Melillo, F.J. 20 10 S.-C. New York, USA 
Morris, R. 5 30 Refr. Colorado, USA 
Rousom, J. 13 10 New. Ontario, Can. 
Ryder, J. 15 ? Refr. Qld., Australia 
Tao, Fan-Lin and 
Chang, Grace 13 ? Refr. Rep. of China 
Tatum, R. 18 15 Refr. Virginia, USA 
Timerson, B. 18 8 New. New York, USA 
VanHoose, D.11 7.8 New. Indiana, USA 
Viens, J.F. 11.5 7.9 New. Quebec, Can. 
Winkler, W. 25 6 New. Texas, USA 

Notes:"cm." is the aperture of the telescope in 
centimeters; "ff' is its focal ratio; "Mak." is 
Maksutov; "New." is Newtonian; "Refr." is 
refractor; and "S.-C." is Schmidt-Cassegrain. 

Rotation 1818 [2,3] 
(1989 JUL 19.05 to AUG 15.27 ) 

Sunspot Maximum Minimum 
Number Mean _ _..,CD=at""e,_.s)'--- _ ____.CD=a.,teu.)_ 

RI 170.6 227 (AUG 05) 7 5 (JUL 28) 

RA 179.8 244 (AUG 06) 88 (JUL 28) 
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Figure 14. Graph of rotation means of RI (Relative International Sunspot Number) 
and RA (Relative American Sunspot Number) for Rotations 1818-1823. 

There was considerable activity during this 
rotation, increasing toward its end. There were 
numerous small groups with clusters of um­
bra! spots. Sunspot counts rose significantly 
from Rotation 1817, covered in the previous 
report [1], when the mean RI was 144.9 and 
the mean RA was 156.6 This rise proved that 
Sunspot Cycle 22 had not yet peaked. 

This rotation's largest region was AR5629, 
which was a naked-eye group throughout most 
of its time on the disk. It came into view on 
AUG 03 and was first recorded by Luciuk, 
photographically, as a large region with many 
faculae, spanning some 5° on the limb. It was 
composed of one large spot with a detached 
portion of penumbra containing a few umbra! 
spots following in the facular filigree. Two 
days later, it was still completely surrounded 
by faculae. Concentric to the penumbra of the 
large spot and to the N was an arc of spots 
with rudimentary penumbrae. The main spot 
itself had at least a half-dozen umbrae in one 
penumbra with two fingers of penumbra 
pointing SW from the S leading edge. In the 
light of the H-a line, Garcia showed the region 
to be fairly quiet, with long radial filaments 
stretching off to theSE, NE, and SW. 

On AUG 06, a photograph by Dragesco 
showed the main spot to consist of eight large 
umbrae in a chaotic penumbra with a number 
of penumbral fragments surrounding it, espe­
cially on the SE and NW. The faculae were 
fewer, which was to be expected as the spot 
moved away from the limb. In H-a, he photo­
graphed filaments, but only to the N and the 
SW of a quiet region. 
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Ryder measured the width of the region as 82 
arc-seconds on AUG 07, when the umbrae 
were separating within the large penumbra. 
This was a portent because the group began 
breaking apart on the next day. Then, one 
umbra with some penumbra was separating to 
the SW, and a bright thin light bridge was 
snaking through the larger "main" spot. There 
were still many small umbrae with rudimenta­
ry penumbrae around them and some bits of 
detached penumbra. In H-a, Melillo showed 
the area to have a faint plage, with filaments 
to the N and E. 

AR5629 reached the central meridian on 
AUG 09. By then, it had formed "wings," 
where umbrae had moved out to the N and S 
within the penumbra. The penumbral structure 
was less organized and possibly formed a 
delta [triangular] configuration. Melillo caught 
a small H-a flare at 15h00m U.T. There was 
little change on the next day, but on AUG 11 
the spot to the SE again separated with pen­
umbra. The larger remaining portion of the re­
gion consisted of two large umbrae which 
were formed into two parallel "S"-shaped 
curves, aligned roughly N-S. To the W a 
string of small umbrae formed a loop within 
some penumbral material. All the penumbrae 
were poorly organized on this day of maxi­
mum regional development and area. 

On AUG 12, the entire W side of the region 
was a scrambled mixture of penumbrae and 
small umbra! spots. The detached spot to the 
SE was decaying, and the umbrae in the main 
spot were still oriented roughly N-S. In H-a, 
the region was ringed by weak filaments, with 
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Figure 15. Group AR 5629 near the limb, photographed on 1989 AUG 13, 14h38m U.T., by 
Paul Maxson. 15.2-cm. (6.0-in.) reflector at f/30. Exposed 1/250 Sec.; Wll (green) Filter on 
Kodak 2415 Film. Seeing 1-3 arc-seconds. North at top, heliographic east to the right. 

a bright arc to theN. On AUG 13, the penum­
bra of the large spot on the W was becoming 
more organized, with fewer small umbrae and 
only one medium-sized umbra. Its appearance 
on that day is shown in Figure 15 (above). 
Several small spots with penumbrae had sepa­
rated to the W. By then, the umbrae in the 
main spot had light bridges cutting through 
them from the E. The spot to the SE was only 
an umbra! spot. Faculae were visible again, 
but by then were weak and fragmentary. In H­
a, Garcia showed a bright plage leading to the 
E of the region. As the region neared the limb 
on AUG 14, it still subtended 5° along the 
limb. Dragesco photographed some promi­
nences over the region on the next day as it 
passed behind the limb. 

Rotation 1819 [3,4] 
(1989 AUG 15.27 to SEP 11.52) 

Sunspot Maximum 
Number Mean ---'-"(l)~a"-'t""es;u)_ 

RI 17 4.1 296 (SEP 09) 

Minimum 
(Date) 

50 (AUG 28) 

RA 178.0 284(SEP09& 10) 68 (AUG 28) 

This rotation was typified by small- to 
medium-sized groups, mostly of Class CorD 
[C: bipolar group with penumbra on one end 
of the group. D: bipolar group with penum­
brae on spots at both ends of the group; length 
under 10°], with one giant group, AR5669. 
This was a naked-eye group from AUG 29 
until the day before it left the disk, SEP 12. 
This rotation had both the highest and the low­
est daily sunspot counts for both the 
International and the American Numbers for 
this reporting period. 

Bartell was the first to record AR5669 in 
white light, on AUG 29 as a depression on the 
limb. Many observers reported this group on 
the next day, noting that it consisted of four 
main collections of spots. In the lead were 
several large umbrae in one disorganized pen­
umbra. There were a few small umbrae to the 
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Nand S, immersed in the same penumbra but 
separated by light bridges. This area was fol­
lowed by a mid-leader that was an irregularly 
shaped umbra in a rudimentary penumbra, not 
even organized enough to be called disorga­
nized. Behind this was the mid-follower col­
lection of two umbrae, oriented E-W in one 
penumbra. The character of this penumbra 
could not be determined due to its nearness to 
the limb. The follower was just a streak on the 
limb on this date. 

On AUG 31, the leader and mid-leader 
spots were connected by a penumbral bridge. 
Other than this, the group's appearance was 
similar to that earlier. The follower could now 
be seen as three main umbrae, arranged N-S in 
a poorly organized penumbra. In H-a, Glaser 
observed the region to be fairly quiet, with a 
plage to the S, between the mid-follower and 
the follower. By SEP 01, this group was readi­
ly visible to the naked eye, looking like a 
"lumpy line" on the solar disk. On SEP 02, 
many of our observers noted that the first two 
collections of umbrae were connected by pen­
umbra. The N-S umbrae were on the leading 
edge of the leader spot, followed by a large 
umbra. The lead spot penumbra was rather 
disorganized, and a small spot was separating 
from it to theN. The mid-follower was break­
ing up somewhat and now consisted of two 
main pieces surrounded by umbra! spots with 
and without penumbrae and also by detached 
penumbral bits. Following this collection were 
a dozen umbrae in an irregular penumbra. 
Tatum, in H-a, observed that the plage was 
now among the mid-leader, mid-follower, and 
the follower spots, with filaments looping on 
the S from collection to collection. 

On the next day, SEP 03, the N spot that 
had separated from the leader was shrinking 
and was separating more to the W. The mid­
leader was essentially unchanged from before, 
while the following two collections were 
breaking up somewhat. The leader, mid-lead­
er, and mid-follower spots were bridged by 
umbra! spots in disorganized penumbrae on 
SEP 04. The spot that had separated from the 
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Figure 17. The same region as in Figure 16, above, photographed by Jean Dragesco only 
20 minutes later. Note that, although the flare is diminished, strong prominences have 

been emitted, shown by the dark wisps near the left edge of the photograph. North at top. 

leader was moving farther to the W and was 
shrinking. A sinuous E-W light bridge could 
be seen in the follower spot. Dragesco photo­
graphed two flares in H-a in this light bridge 
at 09h00m U.T., of Class 1B and 2B ["1" 
means an area between 100-250 millionths of 
the disk; "2" represents an area of 250-600 
millionths; "B" means "bright." Ed.] . Then, 
20 minutes later, he photographed the flare as 
it faded, leaving the leader in a chaotic jumble 
of umbrae and penumbrae. These two photo­
graphs are shown above as Figures 16 and 17. 
Following this feature, the mid-follower had 
penumbrae only on its following side and was 
reduced in area. The follower was still break­
ing up. Over the entire region there was a pro­
fusion of debris of umbra! spots and penum­
bral fragments. 
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By SEP 07, there were only three main con­
centrations remaining, which could be made 
out with the naked eye. The leader now was a 
combination of the old leader and the old mid­
leader. It was reported by Glaser and Bartell to 
be a chain of umbrae in one chaotic penumbra, 
led by one large umbra. The middle spot was a 
collection of a dozen spots in one very irregu­
lar penumbra. Following this were the remains 
of the old follower, consisting of about a half­
dozen umbrae in a fragmentary penumbra. 
The region was nearing the limb on SEP 08, 
and the large leader umbra was now more 
elongated with both following spots showing 
dissolution. Again, Dragesco caught a surge, 
at 13h05m U.T. From this point on, the group 
continued to break up and to reduce in area. 
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Rotation 1820 [4,5] 
(1989 SEP 11.52 to OCT 08.79) 

Sunspot Maximum 
Number Mean ---'(D""'-'a"'te"")'---

RI 
RA 

153.4 264 (SEP 12) 

154.3 272 (SEP 12) 

Minimum 
ill ate) 

80 (SEP 25) 

83 (SEP 25) 

This rotation was characterized by many 
C- and D-class groups (Modified Zurich 
Class; see p. 172), with a few larger groups. 
Consequently, there were few naked-eye 
groups reported. 

The largest region of this rotation was 
AR5698, which came onto the disk on SEP 16. 
Maxson caught this region on the limb on that 
date, when it appeared as one large spot with 
four smaller spots with penumbrae to the N 
and another to the SE. Garcia did some im­
pressive work in H-o., observing this group in 
the centerline of that wavelength as well as in 
both the blue and red wings [i.e., at very 
slightly shorter and longer wavelengths, re­
spectively, than the 6562.8 A H-o. centerline]. 
In the centerline there was a hot spot to the SE 
of the large spot. This may well have been a 
faint subflare. The red wing showed no unusu­
al features, but the blue wing showed a bright 
double-lobed small spot leading the main re­
gion by some 5-10°. 

On SEP 17, the large spot was seen to be in 
a large disorganized penumbra. To the N a 
small spot had detached with penumbra. 
Following this, to the SE, was another small 
spot. There were bright faculae among all the 
spots of this region. In H-o., a flare was in 
progress during Garcia's blue-wing photo­
graph, and had just ended in the later center­
line photograph. The chromosphere was bright 
between the largest spot and the N spots. 

Little change took place on the following 
day, but by SEP 19 the group had reached na­
ked-eye visibility. The main spot was by then 
very complex, with one large umbra and about 
a dozen small umbrae in one large penumbra. 
To the N was a massive portion of penumbra, 
disorganized and fragmented, containing a 
scattering of small umbrae. Following this 
were four spots, the largest two of which were 
connected by a thin penumbral bridge. 

By SEP 20, the large spot was followed by 
four smaller spots, one of which was slightly 
larger than the others and contained about a 
half-dozen umbrae. The N spots had merged 
into one larger spot, and the follower spots 
were unchanged. On SEP 21, Hill and Glaser 
observed that the spots following the main 
spot had merged into a larger spot with many 
penumbral extensions. The follower was now 
two smaller spots with several umbrae in each. 
Glaser further noted, in H-o., plage wings to 
the N and S coming from between the leader 
and follower spots, and then sweeping forward 
around the leader. 

This region reached the central meridian 
on SEP 22, when the large spot consisted of 
two large umbrae and a half-dozen smaller 
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umbrae in one penumbra. It contained penum­
bral extensions reaching E toward a lone fol­
lower which itself was composed of several 
umbrae in one rudimentary penumbra. Also, 
there were some pores and small umbra! spots 
scattered about among the previous spots. 

On SEP 23, a new observer, Kazmer, 
joined with Maxson, VanHoose, and Ryder in 
noting continuing dissolution of the region. In 
fact, the follower had lost nearly all its pen­
umbra. The remainder of AR5698's passage 
across the disk was marked by fragmentation, 
reduction of area, and dissolution. It was last 
seen on SEP 27, as only a medium-sized main 
spot surrounded by a few umbra! spots. 

Rotation 1821 [5,6] 
(1989 OCT 08.79 to Nov 05.09) 

Sunspot Maximum 
Number Mean _ _,C..:D""a"'te'-'-)-

Minimum 
CDates) 

RI 158.7 216 (NOV 04) 97 (OCT 27) 

RA 161.2 230 (NOV 04) 98 (OCT 26) 

Activity-level statistics rose slightly from 
the lows of Rotation 1820. However, for the 
amateur astronomer there was a marked in­
crease in activity, particularly in H-o.. As with 
the previous rotation, Rotation 1821 included 
many C- and D-class groups that caught the 
interest of both the professional and the ama­
teur communities. As a result, many of the 
data records for this rotation are on loan, leav· 
ing some apparent gaps in coverage. While 
this is unfortunate for the purposes of this re­
port, it must be kept in mind that such use of 
our data is the raison d'etre of our Section! 

The largest region of this rotation was 
AR5747, which was first seen on OCT 13. 
This was one day earlier than NOANSESC 
lists its appearance, but Maxson caught it as a 
depression or notch on the limb on a photo­
graph on the 13th. (Good work Paul!) The 
next day, a number of observers saw the re­
gion as a large spot of some four umbrae with 
a sprawling penumbra in a larger facular fili­
gree. It was preceded by two small spots with 
penumbra in the same facular network. These 
preceding spots were designated AR5744. In 
H-o., a complex quasi-circular plage was seen 
extending from the following end of AR5744 
to the leader of AR5747. 

On OCT 15, the large spot had turned into 
three umbrae, still in a complex penumbra. 
One umbra had separated to the SW and a 
piece of umbra separated to the S. There still 
were a large number of faculae. The entire 
group, which comprised only one main spot, 
was "S"-shaped on the next day, with wings of 
penumbra spiraling off to the N and S, con­
taining many small umbrae. In the main body, 
there were a half-dozen umbrae in an arc. As 
for the next two days, because of flare activi­
ty, the data in our files are on loan. However, 
by OCT 19, the penumbral wing to the S had 
detached and had broken up. The wing to the 
N was then in the process of detaching, form­
ing a massive unit with enclosed umbrae. 
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Figure 18. Sunspot group AR5747, photo­
graphed by Mike Luciuk on 1989 OCT 23, 
14h46m U.T. 20.3-cm. (8.0 in.) Schmidt­
Cassegrain, f/30, 1!250-Sec. exposure on 
Kodak 2415 Film. North at top. 

Morris caught a spectacular flare in H-a 
on OCT 19, 15h47m U.T. The entire region re­
sembled a complex, spidery, bright plage of 
ribbons radiating from the center of the re­
gion. It was a 4B optical flare, classed X13 in 
X-Ray ["4" means an area of over 1,200 mil­
lionths of the disk; "X13" indicates an energy 
of 13x104 watts per square meter], and the 
biggest since the great flare that occurred in 
AR5395 in March, 1989. This probably pro­
duced a white-light flare that easily could have 
been seen, but we received no reports of such. 

OCT 20 constitutes another data gap, but 
on OCT 21 the spot to the N which was the de­
tached penumbral wing was connected to the 
main spot only by a tendril of penumbra. The 
main spot itself consisted of four large umbrae 
in one penumbra. To the S, the small spot had 
detached with more pores and umbra! spots 
around it. On OCT 22, the main spot contained 
one large umbra with four or five smaller de­
tached spots to the W and S. There had been 
little change in the N and S spots. In H-a the 
fireworks continued. Garcia photographed a 

Class 2B flare (X2.9 X-Ray [2.9x104 watts 
per square meter]) in progress at 18h00m U.T. 
It showed a classical double-ribbon appear­
ance. 

There were three main concentrations of 
spots in the above groups on OCT 23, as 
shown in Figure 18 (above). The leading por­
tion showed three or four umbrae aligned N-S 
in one penumbra. Following this, in the mid­
dle of the group, was a small umbra in a pen­
umbra. The following concentration contained 
a large umbra and a few small umbrae in one 
penumbra elongated N-S. All of these were 
connected by penumbral bridges. 

The last day of this rotation for which we 
have data on hand for AR 5747 was OCT 24, 
when Luciuk and Kavanagh observed the 
group near the limb. All three portions had be­
come smaller and had separated. But all was 
not over- Luciuk photographed yet another 
large flare; a Class-3B (X5.7) at 19h12m 
U.T.! 
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Rotation 1822 [6,7] 
(1989 NOV 05.09 to DEC 02.40) 

Sunspot Maximum 
Number Mean CDates) 

RI 172.9 236 (NOV 06) 

RA 170.7 230 (NOV05) 

Minimum 
CDates) 

124 (NOV 16, 
17, & 19) 

125 (Nov 16) 

Again, in this rotation there were many 
Class-C, -D, and -E groups, but they tended 
to be smaller than before. The largest group 
with good coverage is ARS783, reaching an 
area of only 1,000 millionths of the Sun's 
disk. While this rotation's high sunspot counts 
were not so high as those of Rotations 1818-
1819, the lows were substantially higher, rais­
ing the mean significantly. As with the previ­
ous rotation, some data remain on loan, result­
ing in a few apparent gaps in coverage. 

ARS783 was first noted on Nov 05 as a 
group of 3 spots. The leader spot had 4-6 um­
brae in a small rudimentary penumbra. Fol­
lowing it were two spots aligned N-S. TheN 
follower held several umbrae in a rudimentary 
penumbra, and the S follower consisted of 5 
umbrae in an E-W elongated penumbra. 
Faculae were seen between the leader and fol­
lowers. Two days later, the leader and N fol­
lower appeared merged in a whole-disk draw­
ing by Ryder. The leader held 5 umbrae in an 
E-W elongated penumbra. The remaining fol­
lower was to the SE, with two umbrae in an E­
W elongated penumbra with umbral spots be­
tween the leader and the follower. 

On NOV 09, the group reached its maxi­
mum area, on the central meridian. The leader 
then had a dozen smaller umbrae in the E-W 
elongated penumbra that reached 10° across. 
The follower had only 5-6 umbrae in a rudi­
mentary penumbra. Luciuk and Maxson found 
the groups as some 20° long on Nov 10. By 
then, the leader had two umbrae, parallel and 
elongated N-S in one penumbra, followed by a 
teardrop-shaped umbra in a rudimentary pen­
umbra, connected by a tendril of penumbra. 
The follower spot was now two spots, each 
with 3-4 umbrae in an E-W elongated rudi­
mentary penumbra. Between these was a scat­
tering of small spots with rudimentary penum­
brae and some pieces of detached penumbra. 

On Nov 11, the two umbrae in the leader 
had broken down into strings of smaller um­
brae, but their orientation stayed the same. 
Following them were only 4 small spots in a 
row, each with 3-4 umprae in rudimentary 
penumbra. An H-a photograph by Melillo 
showed the region as quiet. A number of ob­
servers on Nov 12 reported the group to be a 
leader, composed of a line of umbrae in one 
penumbra, but then breaking up. A small spot 
was detached from the leader on the following 
side. Following this, the 4 spots of the previ­
ous day were merging and falling back away 
from the leader. On Nov 13, the leader was 
breaking up into pieces with a disorganized 
penumbra on the leading side. The follower 
was consolidating. A most fantastic event was 
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occurring-pieces of the leader were detach­
ing and rapidly falling back into the follower! 
These pieces were probably bits of the leader 
on the following side of the "neutral line" that 
divided the magnetic polarity of the group. It 
is not unusual for this divider to run through 
one of the spots in a group. Here, the portions 
of the leader with the same magnetic polarity 
as the follower were simply detaching and 
joining the area of like polarity. On NOV 14, 
the group was showing definite signs of aging. 
The leader was becoming round and symmet­
rical, with all detached spots and penumbral 
pieces moving E into the follower. The fol­
lower was now larger and was condensing 
more with the umbrae consolidating in the 
penumbra. This continued as the group neared 
the limb, passing out of sight on Nov 16. 

Rotation 1823 [8,9] 
(1989 DEC 02.40 to DEC 29.73) 

Sunspot Maximum 
Number Mean _-->..!CD=o.at.,e,s)L.,_ 

Minimum 
CDate) 

RI 159.6 249 (DEC 28) 77 (DEC 15) 

RA 159.2 232 (DEC 27) 90 (DEC 15) 

This rotation included many groups, some 
larger than those of the previous two rotations. 
Once again, these were mainly of Modified 
Zurich Classes C and D. Even so, the overall 
activity was down from Rotation 1822. 

The largest region of this rotation was 
AR5852, which came onto the disk on DEC 22 
in the S Hemisphere. It shared the disk with 
another large region, AR5854; somewhat 
smaller and in the N Hemisphere. The former 
was seen first as several umbrae in a rudimen­
tary penumbra, followed by a collection of a 
half-dozen umbra! spots and pores. On DEC 
23, it was much the same, but on the next day 
the leader had been reduced to two spots with 
rudimentary penumbrae, while the follower 
had grown to two spots with rudimentary pen­
umbrae! There was a scattering of umbra! 
spots about the follower. When many of us 
were enjoying Christmas Day, Clement and 
Maxson recorded a sudden spurt of growth. 
The leader was then two collections of 3-4 
umbrae each, aligned in E-W rows, surround­
ed and connected by disorganized penumbra. 
The follower was a jumble of penumbrae and 
small umbrae, connected to the leader by a 
penumbral bridge. This was followed by sev­
eral small umbrae in a rudimentary penumbra. 

The group was visible to the naked eye on 
DEC 26, when Garfinkle recorded the group as 
a large jumble. The leader was several small 
spots with penumbrae and light bridges. In the 
middle were two large umbrae in one penum­
bra, while the follower comprised two smaller 
spots. The group reached the central meridian 
on the next day, when the leader was a fairly 
round spot with penumbra, followed by a 
smaller spot with penumbra. The middle spot 
was the largest, with a dozen umbrae in an ir­
regular penumbra with penumbral light bridg­
es connecting it to the leader and followers. 
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Following were two spots, as on the day be­
fore, and a string of smaller spots that ran 
under the follower, with the largest on the fol­
lowing end. This string dissolved rapidly be­
tween 16h30m and 18h30m U.T. 

The next data in our files are for DEC 30. 
The leader by then had merged with the small 
spot following. The middle spot was only a 
small umbra in a large irregular penumbra. 
The follower was two smaller round spots, 
aligned E-W with a penumbral island between 
and to the S of these. Although this was the 
day of maximum area, the groups had the 
form of an aged spot. Dissolution and reduc­
tion in size and complexity continued as the 
group neared the limb. 

CONCLUSION 

The volume of data in this report, more 
than for any previous report, showed strong 
peaks on Saturdays and Sundays! The reason 
is obvious. Ideally, we would want equal vol­
ume for all days, but we realize that this is not 
likely. Still, this reporting period often had 
weekends that had over a dozen observers re­
porting, and weekdays with only one or two 
observers. While it is true that solar observing 
is best done in the pre-noon (local) hours, it is 
also true that a few data are better than no 
data. If you can observe only in the late after­
noon, then please do so. Also, I encourage ob­
servers to do an all-day patrol at their observ­
ing site. I did so some years ago and was quite 
surprised to find that the seeing was quite 
good several hours before local noon, and then 
about four hours after local noon! Try it-you 
may find a new observing window! 

On many instances in this report, there 
were flares of significant strength that should 
have produced white-light flares. It is a pity 
that no observers are yet maintaining a white­
light flare patrol. It is not difficult to do so, 
provided that one uses the Mcintosh Sunspot 
Classification System to guide one as to which 
groups need patrolling. Even the H-a. observ­
ers included in this report failed to check the 
Sun in white light when such a flare was tak­
ing place. These data are of great importance 
to us and to the professional community. Such 
observations can be carried out with modest 
equipment of almost any aperture. Those in­
terested in beginning such patrolling are invit­
ed to contact this Section Recorder. 
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GETTING STARTED: RECORDING YOUR SOLAR SYSTEM OBSERVATIONS 

By: Walter H. Haas, A.L.P.O. Director Emeritus 

PREFACE 

Many years ago, this Journal had a frequent column titled "For the Beginner." More re­
cently, a number of readers have commented that the contents of J.A.L.P.O. have become 
overly technical and thus somewhat unintelligible and uninteresting to many members. It ap­
pears to be the proper time to reintroduce the basic concepts of Solar System observation, 
here beginning with the essential documentation without which even the best observation is 
useless. This issue's column is written by the founder of our organization. Future issues, we 
hope, will contain such columns written by others of our more-experienced members. 

ABSTRACT 

Even the highest-quality observation is useless unless it is accompanied by the proper 
supporting information. This includes: name and address of observer; station of observation; 
telescope used-aperture, type, and equivalent focal length; date and time in a specified time 
system; object observed; magnification used; seeing or atmospheric steadiness; atmospheric 
transparency; color filters used, if any; and any other items helpful to evaluate the observa­
tion. This article describes standard terms and conventions for recording these data. 

A story is told of Sir Christopher Wren, 
the famous architect of St. Paul's Cathedral in 
London. King Charles II graciously invited Sir 
Christopher to an audience at court. Knowing 
his propensity to forget appointments and 
knowing the importance of promptness with 
royalty, Sir Christopher wrote himself a 
note-and then went about his other business. 
Some time later he carne upon his note and 
was shocked to discover that his audience was 
on the next day. Hurriedly he prepared himself 
and went to meet his king. After the usual in­
troduction, the monarch spoke, "Sir 
Christopher, we are delighted that you are 
with us on the appointed day. We are also de­
lighted that you have come at the time we 
asked. However, we beg your permission to 
point out that your appointment was for one 
year ago today." 

To be sure, similar incompleteness of our 
recorded data is not likely to expose us to 
royal displeasure. Still, let us define Class A 
as the group of all observers who look at or 
photograph the planets, the Moon, the Sun, 
comets, or meteors. Further, let Class B desig­
nate those persons who submit their observa­
tions to places where they will be carefully an­
alyzed or studied in a scientific manner. 
Finally, let Class C be those persons who 
properly document their submitted observa­
tions. We may accept as a fact of life in the 
real world that Class B will be small com­
pared to Class A. However, is there any rea­
son or even an excuse why Class C should not 
be exactly as large as Class B? It is disap­
pointing for a Jupiter Recorder of the A.L.P.O. 
to discover that a fine-looking photograph of 
the Giant Planet was made on "Tuesday 
November," and clearly no positional infor­
mation will ever be obtained. When a comet is 
reported to have a tail 12 degrees long, we re­
ally need to know something of the accompa­
nying sky conditions; for example, transparen­
cy, twilight or moonlight present, and amount 
of artificial lighting. 

The following items should be recorded 
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and reported with every visual observation of 
a bright planet or a lunar feature: 

1. The name and address of the observer. 

2. The station of observation if not the 
same as the address. 

3. The telescope employed; aperture, type, 
and equivalent focal length. 

4. The date, including the year, in a 
specified time system. 

5. The time in the same time system. The 
date and the time together allow us to 
calculate essential relevant physical 
parameters. 

6. The object observed. 

7. The magnification or magnifications 
employed. 

8. The seeing or atmospheric steadiness. 

9. The atmospheric transparency. 

10. The color filters used, if any. 

11. Any other items helpful to evaluate 
the observation-admittedly a very 
flexible matter. ' 

As remarked above, this list was devel­
oped for the visual lunar and planetary observ­
er. The photographic observer will not want to 
omit any of these items, although Number 7 
should be replaced by equivalent focal length 
or some other measure of photographic scale. 
The photographer will also want to report such 
additional items as exposure time, film type 
and speed, whether or not the film has been 
hypered, and the developer employed. 

The observer of comets will want to state 
the size and degree of condensation of the 
coma, the length and direction of any tail, the 
estimated stellar magnitude, and perhaps the 
angular motion and right ascension and decli­
nation. The visual observer of meteors must 
tell what region of the sky he or she is watch-
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ing. This article cannot supply complete re­
quirements for all possible Solar System ob­
servations. The interested reader should get 
this information from the person or society to 
whom he or she is contributing his or her ob­
servational data. Meantime, some discussion 
of the eleven items listed above may be in­
structive and helpful. 

The reported station of observation is or­
dinarily just the village, town, or city at, or 
nearest to, the site of observation. Its geo­
graphic location can be used, for example, to 
compute the local time of sunrise, sunset, or 
the beginning or ending of twilight and thus to 
evaluate the brightness of the sky background 
and its effect on the observation, in case the 
observer failed to note these relevant circum­
stances. Again, the brightness of the Moon in 
total eclipse or of a bright comet may be deter­
mined by means of comparisons to stars of 
known stellar magnitude. If we are to correct 
for the effect of atmospheric extinction, we 
must find the altitude above the horizon of 
each object involved; the needed computation 
requires latitude, longitude, and the time of 
observation. It will almost always suffice for 
these applications to know the latitude and 
longitude of the observer to within a few min­
utes of arc. It is true that there are some valu­
able and specialized observations where the 
observer's latitude, longitude, and elevation 
above sea level must be given with great accu­
racy; but these are perhaps of limited interest 
to the beginner. Examples are occultations of 
stars by asteroids or by the rings of Saturn. 

The date and time must always be given 
in a known time system. An excellent practice 
for beginners is to use a double date, the first 
one the civil date before midnight and the 
second one the civil date after midnight. The 
date always includes the year (Remember Sir 
Christopher?). The best system to choose is 
surely Universal Time (U.T.) because that 
system is widely used in our tables of astro­
nomical data. (Although Ephemeris Time and 
Dynamic Time sometimes appear in such ta­
bles, the differences between them and 
Universal Time are very minor for our purpos­
es.) Unfortunately, our clocks and watches run 
on a civil time, not Universal Time. Even 
more unfortunately, most of us change to 
Daylight Saving Time during a large part of 
each year. In North America the values listed 
below must be added to local civil times in 
order to obtain Universal Time. Of course, the 
same amounts are subtracted when we go 
from U.T. to a civil time. [Note: "ST" means 
Standard Time; "DT", Daylight Time.] 

Hawaii ST .......................... 10 hours 
Hawaii DT, Alaska ST.. ..... 9 hours 
Alaska DT, Pacific ST....... 8 hours 
Pacific DT, Mountain ST ... 7 hours 
Mountain DT, Central ST.. 6 hours 
Central DT, Eastern ST..... 5 hours 
Eastern DT, Atlantic ST.... 4 hours 
Atlantic DT........................ 3 hours 

Experience has shown that errors are often 
made in these conversions. It is an excellent 
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practice for the novice to record both his local 
time and his Universal Time, allowing blun­
ders in the conversion to be spotted. The local 
civil time must be treated as being in a 24-
hour system starting at midnight, the same as 
U.T. Thus 5 A.M. on your watch is 5 hours, 
but 6 P.M. is 18 hours (12 + 6). Note that the 
U.T. date may differ from the civil date. Thus 
7 P.M. on November 7 PST. is 3 hours on 
November 8 by U.T. Likewise, 5 hours by 
U.T. on November 15 is 23 hours or 11 PM on 
November 14 for an observer on CST. 

As an obvious mechanical solution to 
these puzzles, I suggest the purchase of an ac­
curate watch made to run on U.T. Don't try to 
use it to get to the office on time, but make it 
your telescope's close companion. Many mod­
els would record the U.T. date for you, and 
maybe even know about leap years. If the 
watch face only runs up to 12 hours, you can 
still easily learn when to add 12 hours. 

There is now a necessary question: with 
what precision should the time be recorded? 
Many years ago I ceased to believe that the 
fine lunar photographs by my colleagues were 
actually usually taken on the even hour or 
half-hour. The criterion on time becomes a 
matter of how rapidly changes are occurring in 
whatever object we are observing-for exam­
ple, as Mars rotates or as the early morning 
solar lighting of a lunar crater advances. A 
practical working rule is to record the time of 
each observation to the nearest whole minute. 
There are some exceptions. Thus the eclipse 
disappearance or reappearance of a Galilean 
Satellite of Jupiter should be timed to the near­
est second by the visual observer. When lunar 
features are at the edge of the moving umbra! 
shadow during an eclipse, the observed times 
may properly be expressed to the nearest one­
tenth of a minute. Lunar occultations of stars 
are recorded to one-tenth of a second. 

The discussion above obviously assumes 
that the observer knows the correct time. He 
or she must be using a sufficiently accurate 
watch or clock, and he or she must at times 
check against WWV shortwave or telephone 
signals or some other exact source. 

Having the correct time, we can now go to 
an astronomy handbook and compute quanti­
ties needed to interpret the observation. 
Examples are the central meridian of longi­
tude on Mars and the height of a meteor radi­
ant above the horizon. 

As for the telescope, the most important 
item to record is its aperture in centimeters. 
Diehard conservatives may use inches. 
Whether you choose English or metric units, 
be consistent! The focal length in centimeters 
or inches is of interest; or what is equivalent, 
report the focal ratio. Another item of interest 
is the type of telescope; refractor, Newtonian 
reflector, Schmidt-Cassegrain, and so forth. 

We now consider three transient parame­
ters which affect the quality of the observa­
tion: the magnification employed, the seeing 
or atmospheric steadiness, and the atmospher­
ic transparency. 

As is well known, the magnification is 
computed as the focal length of the primary 
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lens or mirror, or sometimes the equivalent 
focal length of a compound optical system, di­
vided by the focal length of the eyepiece. Of 
course, an observation may be made with two 
or more different eyepieces and correspond­
ingly more than one magnification. It may 
sometimes be of interest to record the type of 
eyepiece; for example, 1/2-inch Ramsden, or 
6-mm orthoscopic. When a Barlow Lens is 
employed, that fact should be noted. 

The atmospheric seeing is of the greatest 
importance in the recording of the finer lunar, 
solar, and planetary detail. While words such 
as "poor," "excellent," and "terrible" have 
some value, it is better to try to be more quan­
titative. The ideal would perhaps be to specify 
the magnitude of the image blur created by the 
atmospheric tremors and the time interval over 
which they occur-say, 1.5 seconds of arc 
every second of time. Both items are tricky to 
evaluate with simple methods and often 
change rapidly while one is observing. Many 
American amateur observers employ a subjec­
tive scale ranging from zero (worst) to ten (ab­
solutely perfect). The practice has been found 
to be satisfactory even if not optimum. In 
Europe many observers employ the Antoniadi 
Scale of I (best) to V (worst). Probably any 
well-known scale is permissible if it is clearly 
defined. 

Worthy of study as you gain experience is 
a seeing scale proposed by Drs. Clyde 
Tombaugh and Bradford Smith and described 
in Sky and Telescope, Vol. XVII, No. 9, July, 
1958, p. 149. The amount of image blur is de­
termined by comparison to double stars of 
known separation, and this amount is the actu­
al attained resolution for the telescope used at 
the time of observation. Perhaps the chief 
weakness of this method is the need to find 
double stars in order to estimate the seeing, 
and it appears almost essential to me to use the 
object being observed to make the estimates. 

The transparency of the atmosphere af­
fects telescopic observation of lunar and plan­
etary detail and greatly influences observa­
tions of comets and meteors. (The lucky solar 
observer can be less concerned about transpar­
ency.) Subjective scales are often used, as 
with the seeing, but it is better to consider 
transparency to be the stellar magnitude of the 
faintest star visible on a clear, dark sky. We 
might do well to follow the practice of some 
observers of meteors; they use star counts in 
selected, familiar regions of the sky to deter­
mine the faintest stars that can be seen. 
Unfortunately, subjective corrections must 
often be made for moonlight, twilight, day­
light, and even the visual acuity of the observ­
er. The estimate must naturally refer to the lo­
cation in the sky of the object being observed. 
If Mars is 20 degrees above the horizon, do 
not search for the dimmest star visible in the 
zenith. It has been pointed out that the observ­
er having an artificially brightened urban or 
suburban sky may find the naked-eye visibili­
ty of stars to be an imperfect guide to visibility 
limits in the telescope. This problem may de­
serve more study. Thus as with the seeing, we 
estimate the transparency on a scale which is 
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useful but hardly perfect. 
The color filters employed, if any, come 

number 10 in the list above, but there are out­
standing observers, like Jeff Beish and Don 
Parker, who would surely make this item 
number 1 or number 2. Viewing an object in a 
selected wavelength gives critical information 
about the physical nature of what we see or 
photograph. Color filters assist the observer by 
lessening irradiation of the image, by reducing 
the effect of seeing tremors, by diminishing 
the amount of atmospheric dispersion of the 
image through the use of a smaller spectral re­
gion of transmission, and by giving us a pic­
ture of our object of study in selected wave­
lengths; for example, certain kinds of 
Martian clouds are best revealed in blue or vi­
olet light. It is absolutely essential to employ 
commercial color filters whose transmission 
characteristics are accurately known. In the 
United States the easiest choice is probably 
the gelatin Wratten Filters of the Eastman 
Kodak Company. The Schott Filters can also 
be recommended. The observer will want a 
number of filters, according to his fields of 
study; a good set of three filters is Wratten 25 
(red), 58 (green), and 47 (deep blue). A con­
siderable literature exists on the transmission 
characteristics and applications of color filters, 
and A.L.P.O. Section Recorders will assist be­
ginners and others to find helpful materials. 

The final item is "Miscellaneous," which 
can cover many sins. What is wanted, of 
course, is any further information which 
would be helpful in the proper evaluation of 
the observation. Examples might be "Wind 
shaking telescope," "Drawing incomplete be­
cause of clouds," and "Seeing improved nota­
bly five minutes after observation started." 

The chief impression from reading the 
above may well be one of great confusion. In 
reality, we should feel challenged rather than 
confused. Most or all of the A.L.P.O. Sections 
can furnish observing forms, and these guide 
us in recording what is needed. The forms also 
help us not to forget essential items. It would 
really not be difficult to design your own form 
for a particular project or planet, but its use 
should then be coordinated with the intended 
recipient. (Indeed, Mr. Phillip Budine once de­
signed a form intended to be useful for all vi­
sual lunar and planetary observations.) 

The purpose of this article is to instruct the 
beginner in how to document the observations 
he or she contributes and to encourage him or 
her to do so. We have touched lightly upon 
such subjects as types of optical telescopes, at­
mospheric seeing, and the effective utilization 
of color filters. These have been discussed 
often and sometimes in depth in the astronom­
ical literature. I would especially recommend 
Introduction to Observing and Photographing 
the Solar System by Thomas A. Dobbins, 
Donald C. Parker, and Charles F. Capen. 
Another fine source is Clay Sherrod's A 
Complete Manual of Amateur Astronomy. 

And now, readers, take just a little more 
time while making your observations; and 
record the conditions discussed above. Thank 
you! 
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COMET CORNER 

By: Don E. Machholz, A.L.P.O. Comets Recorder 

COMET FINDS FOR THE 
FIRST HALF OF 1990 

Four new comets were discovered, and 
four returning comets were recovered, during 
the first half of 1990. Comet Austin (1989c!) 
attained naked-eye visibility but did not be­
come so bright as expected. Below, all dates 
are for 1990 unless otherwise indicated. 

Periodic Comet Wild 4 (1990a).-Paul 
Wild found this new comet at magnitude 13 
on plates exposed on JAN 21. It orbits the Sun 
every 6.2 years and was closest to the Sun on 
JUL 03 at 1.99 AU [i.e., Astronomicall!.nit; 1 
AU = 149,600,000 krn.]. It did not get any 
brighter than magnitude 12. 

Comet Cernis-Kiuchi-Nakamura 
(1990b).-On MAR 14 Kazimieras Cernis of 
the USSR discovered this, his third comet. He 
had spent 631 search hours since his previous 
find in 1983. He was using a 12-cm f/4.6 re­
fractor at 35x. The comet was then 2 degrees 
north of the galaxy M31 in the evening sky at 
magnitude 8.5. 

Tsuruchiko Kiuchi picked up this comet 
nearly two days later, using 25X150 binocu­
lars to find this, his first comet. At the same 
time, in Japan as was Kiuchi, Yuji Nakamura 
found the object using 20x 120 binoculars. 

This comet was closest to the Sun at 1.06 
AU on MAR 17 and did not become any 
brighter after discovery. Its elongation from 
the Sun increased in the evening sky for a few 
weeks, then it faded from view by mid-May. 

Comet Levy (1990c).-Former A.L.P.O. 
Comets Recorder David Levy of Tucson, 
Arizona, discovered his sixth comet on MAY 
20. He was using his 16-in (41-cm) f/5 reflec­
tor and had searched for about 60 hours since 
his previous find in August, 1989. The comet 
was then at magnitude 10 in the morning sky, 
along the northern edge of the Square of 
Pegasus. For its appearance in July, 1990, see 
Figure 19 (p. 181) and the front cover. 

This comet is probably new to the Solar 
System and it was closest to the Sun at 0.94 
AU on OCT 24. Its inclined and retrograde 
orbit brought it to within 0.43 AU of the Earth 
in mid-August, when it became a naked-eye 
object near opposition. The comet will remain 
visible to us through the Spring of 1991. 

Periodic Comet Peters-Hartley (1990d).­
Robert McNaught of Siding Spring Observa­
tory, Australia, recovered this comet on MAY 
26 at magnitude 14. This comet has an 8.1-
year orbital period and was closest to the Sun 
on JUN 23 at 1.62 AU, and is now dimming 
again. 

Periodic Comet Wolf-Harrington 
(1990e).-The A.L.P.O.'s Assistant Comets 
Recorder Jim Scotti used the 36-in (91-cm) 
Spacewatch Telescope at Kitt Peak to record 
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the image of this returning comet on JUN 14. 
It was then at magnitude 19, but should bright­
en to magnitude 13 by the end of 1990. Its or­
bital period is 6.5 years. 

Periodic Comet Honda-Mrkos­
Pajdusakova (1990f).-Jim Scotti at Kitt 
Peak and Jim Gibson at JPL and OAO 
Corporation, working at Palomar Mountain, 
recovered this comet on JUN 17 at magnitude 
20. This object has a short orbital period, 5.3 
years, and was closest to the Sun at 0.54 AU 
on SEP 12. It brightened to magnitude 8 at that 
time but now is dimming and is in the solar 
glare. 

Comet McNaught-Hughes (1990g).­
Robert McNaught and Shaun Hughes of 
Siding Spring Observatory, discovered this 
comet on plates taken on JUN 19, when it was 
at magnitude 17 and 4 AU from the Sun. We 
now know that it will reach perihelion at 2.68 
AU on 1991 FEB 27, but it is not expected to 
get much brighter. 

Periodic Comet Johnson (1990h).-Jim 
Gibson recovered this comet on JUN 17 from 
Palomar Mountain. The comet was then at 
magnitude 18, and may brighten slightly by its 
November, 1990, perihelion at 2.31 AU. Its 
orbital period is 7.0 years. 

PRESENT COMET ACTIVITY 

At the time of writing (1990 AUG 29), we 
know of four comets that should be visible in 
our skies during the last part of 1990 and the 
first part of 1991. 

Periodic Comet Schwassmann-Wachmann 
1.-This comet is in a near-circular 15-year 
orbit. It is usually near magnitude 17, but will 
occasionally outburst to magnitude 12 to 14. 
Please report all positive and negative obser­
vations of it to this Recorder (address on in­
side back cover). 

Periodic Comet Wild 2 (1989t).-This 
comet orbits the Sun every 6.2 years and will 
be closest to the Sun at 1.58 AU in December, 
1990. During the observing window covered 
in this report, its distance from the Sun stays 
between 1.58 and 1.75 AU, while its distance 
from the Earth slowly decreases from 2.5 to 
1.5 AU. 

Comet Levy (1990c).-Remaining in the 
Southern Hemisphere of the sky for these 
months, this comet should be an interesting 
binocular object. 

Comet Tsuchiya-Kiuchi (1990i).-Dis­
covered in July, 1990, this comet was closest 
to the Sun at 1.09 AU on SEP 28. It is better 
placed for Southern Hemisphere viewers, rath­
er than Northern; but its large elongation from 
the Sun will put it into dark skies for most of 
the period covered here. 
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EPHEMERIDES 

Note: In the "Elong. from Sun". colu~.'\ ~ 
refers to evening, and M to mommg viSlbihty. 

"Total Mag." values are forecasts ~dare 
subject to considerable uncertamty. 

Table 1. Ephemeris of Periodic Comet 
Schwassmann-Wachmann 1. 

1990-91 2000.0 Coord. 
U.T. Date R.A. Dec!. 
(Oh U.T.) hm o 

DEC 05 01 14.4+19 II 
10 01 13.8 +19 00 
15 01 13.6+18 50 
20 0113.5+1842 
25 01 13.7 +18 35 
30 01 14.3 + 18 30 

JAN 04 01 15.1 +18 26 
09 01 16.2 +18 25 
14 0117.6+1825 
19 0119.3+1826 
24 0121.1+1829 
29 01 23.3 +18 34 

FEB 03 01 25.6 + 18 40 
08 01 28.1 +18 48 
13 01 30.9 +18 57 
18 01 33.8 +19 07 
23 01 36.8 +19 19 
28 01 40.1 +19 31 

Elong. Total 
from Sun Mag 

0 

131 E +17.2 
126 E +17.2 
121 E +17.2 
116 E +17.3 
111 E +17.3 
106 E +17.3 

101 E +17.4 
096 E +17.4 
091 E +17.4 
087 E +17.5 
082 E +17.5 
078 E +17.5 

073 E +17.5 
069 E +17.6 
064 E +17.6 
060 E +17.6 
056 E +17.6 
052 E +17.7 

Table 2. Ephemeris of 
Periodic Comet Wild 2. 

1990-91 2000.0 Coord. 
U.T. Date ~ Dec!. 
(Oh U.T.) h m o ' 

DEC 05 13 16.5 -06 31 
10 13 30.6 -07 46 
15 13 44.7 -08 58 
20 13 58.7 -10 08 
25 1412.7-11 13 
30 14 26.7 -12 16 

JAN 04 14 40.6 -13 14 
09 14 54.3 -14 08 
14 15 07.9-14 57 
19 15 21.2-15 42 
24 15 34.3 -16 22 
29 15 47.2-16 57 

FEB 03 15 59.6-17 27 
08 1611.8-17 53 
13 16 23.4-18 15 
18 16 34.7-18 32 
23 16 45.4 -18 46 
28 1655.5-18 55 

Elong. Total 
from Sun Mag 

0 

053 M +11.0 
054 M +10.9 
055 M +10.9 
057 M +10.8 
058 M +10.8 
060 M +10.8 

061 M +10.8 
063 M +10.8 
065 M +10.8 
067 M +10.8 
068 M +10.8 
070 M +10.8 

072 M +10.9 
075 M +10.9 
077 M +10.9 
079 M +10.9 
082 M +11.0 
084 M +11.0 

Figure 19 (to the right). Drawing of Comet 
Levy (1990c) on 1990 JUL 22, 06h 30m U.T. 
by Mark Mattox at Calaveras Big Trees in t~e 
Sierra Nevada of California. He used a 12.5-m 
(31.8-cm) f/6 reflector with a 32-mm eyepiece 
(60x magnification) at a 0°.5 field of view. He 
estimated the comet's magnitude as +7.0 and 
noted a bright nucleus, fan-shaped coma, and 
a 1° tail. See also front cover. 
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Table 3. Ephemeris of Comet Levy (1990c). 

1990-91 2000.0 Coord. Elong. Total 
U.T. Date ~ Dec!. from Sun Mag 
(Oh U.T.) h m o ' o 

DEC 05 14 08.1 -40 50 038 M +7.0 
+7.1 
+7.3 
+7.4 
+7.5 
+7.6 

JAN 

FEB 

10 14 01.4 -40 51 043 M 
15 13 54.0 -40 50 048 M 
20 13 45.7 -40 48 054 M 
25 13 36.0 -40 44 060 M 
30 13 24.9 -40 34 066 M 

04 13 12.0 -40 16 
09 12 56.9 -39 47 
14 12 39.4 -39 OJ 
19 12 19.8 -37 52 
24 II 57.8 -36 13 
29 II 34.0 -33 57 

03 
08 
13 
18 
23 
28 

II 09.1 -31 02 
10 44.1 -27 28 
10 20.1 -23 22 
09 57.9-18 57 
09 38.0 -14 29 
09 21.3 -10 10 

073 M 
080 M 
088 M 
096 M 
105 M 
114 M 

124 M 
133 M 
142 M 
149 M 
153 M 
153 E 

Table 4. Ephemeris of 
Comet Tsuchiya-Kiuchi (1990i). 

+7.7 
+7.8 
+7.8 
+7.9 
+8.0 
+8.0 

+8.1 
+8.2 
+8.4 
+8.5 
+8.8 
+9.0 

1990-91 2000.0 Coord. Elong. Total 
U.T. Date ~ Dec!. from Sun Mag 
(Oh U.T.) h m o ' o 

DEC 05 07 41.3-40 29 105 M +7.7 
10 06 48.0-43 22 110 M +7.9 
15 05 53.2-44 16 112 M +8.1 
20 05 03.7 -43 21 112 E +8.4 
25 04 23.2 -41 15 Ill E +8.7 
30 03 52.2 -38 37 107 E +9.1 

JAN 04 03 29.0-35 51 103 E +9.4 
09 03 11.8 -33 13 099 E +9.9 
14 02 59.2 -30 46 095 E + 10.0 
19 02 49.9 -28 33 090 E + 10.3 
24 02 43.1 -26 34 086 E + 10.6 
29 02 38.2 -24 46 081 E + 10.9 

FEB 03 02 34.8 -23 09 077 E +11.2 
08 02 32.6-21 42 073 E +11.4 
13 02 31.4 -20 24 068 E +11.7 
18 02 30.8 -19 12 064 E +11.9 
23 02 30.9-18 07 060 E +12.1 
28 02 31.5-17 08 056 E +12.3 
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METEORS SECTION NEWS 

By: Robert D. Lunsford, A.L.P.O. Meteors Recorder 

THE DECEMBER, 1990, 
METEOR SHOWERS 

By the time that you read these pages, it 
will be time for the notable meteor showers 
of December: the Geminids and the Ursids. 

The second December shower, the 
Ursids, peaks on Saturday, DEC 22. At that 
time, the waxing crescent Moon will have 
set in the late evening, and will be absent 
during the prime after-midnight hours for 
meteor observing. Data from this shower are 
scarce, but it has been determined that at 
least two strong bursts of activity have oc­
curred during the last 50 years. The mean 
ZHR (Z.enithal Hourly Rate) is 10 per hour, 
and the radiant position lies at 14h28m/+75° 
on the morning of maximum activity. 

The observing window for the Geminids 
begins on the morning of DEC 11, when a 
waning crescent Moon will not interfere 
with meteor observing. Rates will gradually 
climb from 20 per hour on that morning 
until a peak of 100 per hour on DEC 14. 
Rates on the 15th will have fallen back 
down to 20 per hour, and activity will be 
nearly over by DEC 16. The radiant position 
for the 14th is 07h28m/+33°. Stream mem­
bers are visible all night, but the best hour 
usually occurs between 2 and 3 A.M. local 
time. The night of DEC 13-14 is probably 
the only night of the year when you could go 
outside for five minutes and be sure that you 
will see at least one meteor. If you have ever 
contemplated meteor photography, DEC 13 
and 14 are prime dates; contact this 
Recorder (address on inside back cover) for 
further information on meteor photography. 

Any observer who observes both these 
showers from dark, rural locations could 
easily be rewarded with several hundred me­
teors. I am looking forward to your results! 
(For more information, see International 
Meteor Organization Information Pamphlet 
Number 2, April, 1990.) 

RECENT METEOR 0BSERVA TIONS 

Table I, below, summarizes the obser­
vations received by the A.L.P.O. Meteors 
Section between 1990 JUN 02 and SEP 01. A 
sample plot of the observed paths of meteors 
is shown in Figure 20 (p. 186). 

Table 1. Recent A.L.P.O. Meteor Observations. 

1990 Universal Number and Type Comments* (+N = 
:U.T, I:!il.t!: Q!:!sm~:r and Lo~atiQD Iim~: Qf M!:t!:QIS S!:!:D* Limiting M!!gnitl.!d!:) 

JUN 02 J. Kenneth Eakins, CA 09:10-10:10 1 t Her; 2 SP +5.3 .. .. .. .. 10:10-11:10 (none seen) +5.3 

03 J. Kenneth Eakins, CA 09:00-10:00 1 t Her +5.1 
" " " " 10:00-11 :00 (none seen) +5.1 

04 J. Kenneth Eakins, CA 09:15-10:15 3 SP +5.1 
" " " " 10:15-11:15 2SP +5.4 

12 Mark Davis, VA 03:00-04:00 3 SP +5.1; 20% cloudy 

13 Mark Davis, VA 02:30-03:30 2SP +5.1 

17 Mark Davis, VA 03:00-04:00 2SP +5.1 
" " " 04:00-05:00 4SP +5.1 

20 J. Kenneth Eakins, CA 09:30-10:30 3 SP +5.3 

21 J. Kenneth Eakins, CA 09:00-10:00 2SP +5.3 

JUL 01 James Richardson, CA 05:15-06:15 7 SP +5.0; 40% cloudy 
" " 06:15-07:15 5 SP +5.2; 50% cloudy 

07:15-08:15 11 SP +5.7; 20% cloudy 
08:15-09:00 5 SP +6.0; 10 % cloudy 

Phyllis Eide, HI 10:40-11:45 5 SP +5.0; 50% cloudy 

16 Phyllis Eide, HI 07:00-08:00 3 SP +5.0 
Michael Morrow, HI 07:00-08:00 3 SP +5.0 
Phyllis Eide, HI 08:00-09:00 5 SP +5.0 
Michael Morrow, HI 08:00-09:00 1 SP +5.0 
Phyllis Eide, HI 09:00-10:00 3 SP +5.0 
Michael Morrow, HI 09:00-10:00 1 N. II Aqr; 4 SP +5.0 

17 Michael Morrow, HI 10:15-11:15 1 S. II Aqr; 3 SP +5.0 
" " " 11:15-11:45 1 SP +5.2 

22 James Richardson, CA 04:30-05:08 6 SP +5.5 

----------------------------- Table I continued on p. 183 ; notes on p. I86 --------------------------------

'1M Strolling Jilstronomer: J . .91..£.P.O. 182 '1/olume 34, :l{um6er 4. 91{pvem6er, 1990 



Table I -Continued. 

1990 Universal Number and Type Comments* (+N = 
U.T. Date Observer and Location Tim~ of Meteors Seen* Limiting Magnitude} 

JUL 22 James Richardson, CA 05:08-06:00 3 a Cap; 5 SP +6.0 
" " " 07:20-08:08 I a Cap; I S. o Aqr; 2 SP +6.0 

08:08-09:08 I a Cap; 3 N. o Aqr; 6 SP +6.0 
09:08-10:08 2 N. o Aqr; 6 SP +6.0 

Robert Lunsford, CA 09:17-10:17 5 a Cap; 1 N. o Aqr; 2 S. t Aqr; 1 S. o Aqr; 
2 Per; 12 SP +6.7 

James Richardson, CA 10:08-11 :08 3 u Peg; I S. o Aqr; 
1 a Cap; 8 SP +6.0 

Robert Lunsford, CA 10:17-11:17 1 S. o Aqr; 1 N. o Aqr; 
2 Per; 6 SP +6.5 

James Richardson, CA 11:08-11:50 I S. o Aqr; 4 SP +5.0 
Robert Lunsford, CA 11:17-11:47 1 a Cap; 3 Per; 9 SP +5.8 
Phyllis Eide, HI 12:20-13:20 I N. o Aqr; 1 S. o Aqr; 

3 SP +5.0; 30% cloudy 
Michael Morrow, HI 12:20-13:20 1 N. o Aqr; 1 S. o Aqr; 

3 SP +6.0; 30% cloudy 
Phyllis Eide, HI 13:20-14:20 3 SP +5.0; variable cloudy 
Michael Morrow, HI 13:20-14:20 3 SP +6.0; variable cloudy 
Phyllis Eide, HI 14:20-14:50 2 Per; 8 SP +6.0; 20% cloudy 
Michael Morrow; HI 14:20-14:50 1 Per; 4 SP +6.0; 20% cloudy 

25 Michael Morrow, HI 10:30-11:30 2 S. o Aqr +4.8; 60% cloudy 

26 Michael Morrow, HI 09:00-10:00 5 SP +5.2 
H " H 10:00-11:00 5 S. o Aqr; 2 N. o Aqr; 

2 a Cap; 1 Per; 6 SP +5.2 

27 Karl Simmons, FL 04:04-05:04 I Per; I S. o Aqr; 3 SP +6.0 
Stephen Simmons, FL 04:04-05:04 2 Per; 2 S. o Aqr; 

1 a Cap; 5 SP +6.0 
Wendy Simmons, FL 04:04-05:04 1 Per; 3 S. o Aqr; 

I a Cap; 5 SP +6.0 
Robert Lunsford, CA 07:00-08:00 3 a Cap; 1 Per; 5 S. o Aqr; I N. o Aqr; 

1 u Peg; 7 SP +6.6 
08:00-09:00 4 S. t Aqr; I a Cap; 3 S. o Aqr; 1 N. o Aqr; 

1 u Peg; 6 SP +6.7 
09:00-10:00 1 S. t Aqr;3 a Cap; 7 S. o Aqr; 1 N. o Aqr; 

1 u Peg; 2 Per; 10 SP +6.5 
10:00-11:00 I S. t Aqr; 1 a Cap; 6 S. o Aqr; 

6 Per; 12 SP +6.5 
11:00-12:00 1 a Cap; 5 S. o Aqr; 

4 Per; 9 SP +5.7 

28 Alton Smith, TN 06:00-07:00 4 S. o Aqr; 1 SP +4.5 
Phyllis Eide, HI 09:15-10:15 1 S. o Aqr; 1 N. o Aqr; 3 a Cap; 

1 PsA; 1 Per; 7 SP +5.5 
Michael Morrow, HI 09:15-10:15 1 S. o Aqr; 1 N. o Aqr; 2 a Cap; 

1 PsA; 1 Per; 6 SP +5.2 
Phyllis Eide, HI 10:15-11:15 4 S. o Aqr; 2 N. o Aqr; 

1 a Cap; 6 SP +5.5 
Michael Morrow, HI 10:15-11:15 5 S. o Aqr; 6 SP +5.3 
Phyllis Eide, HI 11:15-12:15 3 S. o Aqr; 3 N. o Aqr; 

1 u Peg; 4 SP +5.5 
Michael Morrow, HI 11:15-12:15 4 S. o Aqr; 1 N. o Aqr; 

1 a Cap; 9 SP +5.4 
12:15-12:30 1 S. o Aqr; 1 PsA; 

1 Per; 3 SP +5.5 
Phyllis Eide, HI 12:15-12:45 2 S. o Aqr; 1 N. o Aqr; 

1 Per; 3 SP +5.5 

29 Barbara Hands, NC 02:00-03:00 1 S. o Aqr + 7 .0; 30% cloudy 
Dennis Hands, NC 02:00-03:00 2 SP + 7 .0; 30% cloudy 
Alton Smith, TN 05:15-06:15 6 S. o Aqr; 3 Per; 3 SP +5.5 
James Richardson, CA 05:16-06:08 2 S. o Aqr; I S.t Aqr; 8 SP+5.5 
James Richardson, CA 06:08-07:08 1 S. o Aqr; 3 a Cap; 

I u Peg; 4 SP +5.9 

----------------------------- Table 1 continued on p. 184; notes on p. 186 --------------------------------
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Table 1---Continuedo 

1990 Universal Number and Type Comments* (+N = 
UoTo Date Observer and Location Tim~ of Meteors Seen* Limiting Magnitude} 

JUL 29 Alton Smith, TN 06:15-07:15 13 So o Aqr; 1 a Cap; 
4 Per; 2 SP +505 

James Richardson, CA 07:08-08:08 2 So S Aqr; 3 a Cap; 7 SP +600 
Alton Smith, TN 07:45-08:45 7 So o Aqr; 1 a Cap; 

4 Per; 2 SP +505 
James Richardson, CA 08:08-09:08 2 So o Aqr; 2 No o Aqr; 5 a Cap; 

1 Per; 6 SP +600 
09:08-10:08 11 So o Aqr; 1 Sol Aqr; 6 a Cap; 

1 Per; 6 SP +600 
Phyllis Eide, HI 09:20-10:20 1 So 8 Aqr; 2 u Peg; 4 SP +500; 20% cloudy 
Michael Morrow, HI 10:00-11:00 2 No o Aqr; 2 u Peg; 

1 Per; 6 SP +502 
James Richardson, CA 10:08-11:00 1 So o Aqr; 2 a Cap; 

1 Per; 9 SP +600 
Phyllis Eide, HI 10:20-11:20 2 No o Aqr; 4 u Peg; 

1 Per; 9 SP +505; 30% cloudy 
11:20-12:30 3 SoB Aqr; 2 u Peg; 

4 Per; 15 SP +505; 10% cloudy 
JUL 30 Milton Hays, FL 04:05-05:05 1 So o Aqr; 1 SP +600 

Becky Kirkwood, FL 04:05-05:05 7 So o Aqr; 6 SP +600 
David Kirkwood, FL 04:05-05:05 8 So S Aqr; 1 a Cap; 8 SP +600 
Brian Simmons, FL 04:05-04:55 8 So o Aqr; 3 SP +600 
Karl Simmons, FL 04:05-05:05 6 So o Aqr; 1 a Cap; 

I Per; 6 SP +600 
Stephen Simmons, FL 04:05-05:05 7 So 8 Aqr; 1 a Cap; 5 SP +600 
Wendy Simmons, FL 04:05-05:05 7 So 8 Aqr; 1 Per; 9 SP +600 
Becky Kirkwood, FL 05:05-06:05 12 So 8Aqr; 1 Per; 2 SP +605; 3 minute break 
David Kirkwood, FL 05:05-06:05 13 So o Aqr; 1 a Cap; 

1 Per; 7 SP +605 
Karl Simmons, FL 05:05-06:05 8 So8Aqr; 2Per; 2SP +605 
Wendy Simmons, FL 05:05-06:05 1 So 8 Aqr; 1 Per; 1 SP +605 
Alton Smith, TN 05:15-06:15 8 So8Aqr; 2Per; 2SP +5o0 
Becky Kirkwood, FL 06:05-06:35 5 So o Aqr; 3 a Cap; 

1 Per; 1 SP +605 
David Kirkwood, FL 06:05-06:35 4 So 8 Aqr; 2 a Cap; 1 SP +605; 3 minute break 
Karl Simmons, FL 06:05-06:35 1 So8Aqr; 2 Per; 2 SP +605 
Alton Smith, TN 06:15-07:15 5 So 8 Aqr; 1 Per ; 1 SP +5o5 

AUG 01 Karl Simmons, FL 04:16-04:46 1 a Cap; 1 SP +505 
Stephen Simmons, FL 04:16-04:46 1 S 0 8 Aqr; 1 a Cap; 2 SP +505 

02 George Gliba, MD 07:19-08:19 2 So S Aqr; 3 Per ; 4 SP +5.4; 30% cloudy 

11 Phyllis Eide, HI 07:00-08:00 (none seen) +500; 10% cloudy 
Michael Morrow, HI 07:00-08:00 (none seen) +5o2 
Phyllis Eide, HI 08:00-09:00 I Per; 4 SP +500; 15% cloudy 
Michael Morrow, HI 08:00-09:00 1 K Cyg; 6 SP +500 
Phyllis Eide, HI 09:00-10:00 1 Per; 1 SP +500; 25% cloudy 
Michael Morrow, HI 09:00-10:00 1 SP +408 
Phyllis Eide, HI 10:00-10:30 1 SP +5o0; 40% cloudy 
Michael Morrow, HI 10:00-10:30 1 SP +406 

12 Brian Simmons, FL 05:00-05:45 6 Per; 2 SP +500 
Karl Simmons, FL 05:00-05:45 7 Per +500 
Stephen Simmons, FL 05:00-05:45 4 Per; 2 SP +500 
Wendy Simmons, FL 05:00-05:45 2 Per; I SP +500 
Phyllis Eide, HI 07:00-08:00 (none seen) +505 
Michael Morrow, HI 07:00-08:00 2 SP +502 
Phyllis Eide, HI 08:00-09:00 2 Per; 6 SP +5o5 
Michael Morrow, HI 08:00-09:00 2 Per; 7 SP +500 
Phyllis Eide, HI 09:00-10:00 4 Per; 1 SP +505 
Michael Morrow, HI 09:00-10:00 3 Per; 1 SP +500; 30% cloudy 
Phyllis Eide, HI 10:00-10:27 1 Per; 1 SP +5o5; tape loss 
Michael Morrow, HI 10:00-11:00 3 Per; 1 SP +500; 30% cloudy 
James Richardson, CA 10:30-11:40 21 Per; 2 SP +4o0 

----------------------------- Table I continued on Po 185; notes on p 0 186 --------------------------------
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Table I -Continued. 

1990 
U.T. Date 

AUG12 

13 

Observer and Location 

Michael Morrow, HI 
Phyllis Eide, HI 
Michael Morrow, HI 
Phyllis Eide, HI 
Michael Morrow, HI 

Becky Kirkwood, FL 
David Kirkwood, FL 
Brian Simmons, FL 
Karl Simmons, FL 
Stephen Simmons, FL 
Wendy Simmons, FL 
Milton Hays, FL 
Becky Kirkwood, FL 

David Kirkwood, FL 

Karl Simmons, FL 

Stephen Simmons, FL 

Wendy Simmons, FL 

Stephen Simmons, FL 
Becky Kirkwood, FL 
David Kirkwood, FL 
Karl Simmons, FL 
Phyllis Eide, HI 
Michael Morrow, HI 
Phyllis Eide, HI 
Michael Morrow, HI 

14 Robert Lunsford, CA 
" " " 

15 George Gliba, MD 
" " " 

Robert Lunsford, CA 
" " " 

18 Phyllis Eide, HI 
Michael Morrow, HI 
Phyllis Eide, HI 
Michael Morrow, HI 
Phyllis Eide, HI 
Michael Morrow, HI 

19 Phyllis Eide, HI 
Phyllis Eide, HI 

20 Mark Davis, VA 

22 Robert Lunsford, CA 

23 Robert Lunsford, CA 
" " " 

27 Mark Davis, VA 

28 Mark Davis, VA 

31 Mark Davis, VA 

SEP 01 Mark Davis, VA 
" " 

Universal Number and Type Comments* (+N = 
Time of Meteors Seen* Limiting Magnitude) 

11:00-12:00 14 Per; 1u Peg; 2 SP+5.0 
11:59-13:00 17Per;5SP +4.5 
12:00-13:00 12 Per; 6 SP +5.0 
13:00-13:45 10 Per; 4 SP +3.0 
13:00-13:45 13Per;2SP +4.5 

03:45-04:45 4 Per; 5 SP 
03:45-04:45 9 Per; 5 SP 
03:45-04:57 7 Per; 7 SP 
03:45-04:45 3 Per 
03:45-04:45 6 Per; 2 SP 
03:45-04:45 4 Per; 4 SP 
03:55-04:55 1 Per; 2 SP 
04:45-05:45 7 Per; 8 SP 

04:45-05:45 18 Per; 9 SP 

04:45-05:45 12 Per; 4 SP 

04:45-05:45 11 Per; 10 SP 

04:45-05:45 14 Per; 4 SP 

05:45-06:05 3 Per; 1 SP 
05:45-06:17 9 Per; 1 SP 
05:45-06:17 13 Per; 3 SP 
05:45-06:17 8 Per; 1 SP 
07:30-08:30 1 SP 
07:30-08:30 I SP 
08:30-09:30 3 Per; 3 SP 
08:30-09:30 2 Per; 1 SP 

+6.0 
+6.0; 4 minute break 
+6.0 
+6.0 
+6.0 
+6.0 
+6.0 
+5.5; 10% cloudy; 

2 minute break 
+5.5; 10% cloudy; 

2 minute break 
+5.5; 10% cloudy; 

3 minute break 
+5.5; 10% cloudy; 

1 minute break 
+5.5; 10% cloudy; 

8 minute break 
+5.0 
+5.0 
+5.0 
+5.0 
+5.0; 30% cloudy 
+5.0; 30% cloudy 
+5.0; 30% cloudy 
+5.0; 30% cloudy 

07:40-08:40 4 Per; 1 a Cap; 2 SP +5.8 
08:40-09:40 4 Per +5.4 
09:40-10:40 6 Per; 2 SP +5.2 
10:40-11:20 11 Per; 1 SP +5.0 

05:55-06:55 3 Per; 2 SP +5.2 
06:55-07:55 4 Per; 5 SP +5.2 
09:00-10:00 10 Per; 4 SP +6.2 
10:00-11:00 12 Per; h: Cyg; 5 SP +6.0 
11:00-12:00 7 Per; 3 SP +5.5 

07:00-08:00 2 SP +5.5 
07:00-08:00 3 SP +5.2; 10% cloudy 
08:00-09:00 1 N t Aqr; 2 SP +5.5 
08:00-09:00 1 SP +5.3; 15% cloudy 
09:00-10:00 4 SP +5.5 
09:00-10:00 1 N t Aqr; 5 SP +5.5; 20% cloudy 

09:00-10:00 1 SP +4.5; 70% cloudy 
10:00-11:00 1 SP +4.0; 70% cloudy 

04:00-05:00 2 SP 

08:00-09:00 1 Per 

08:48-09:48 7 SP 
09:48-10:48 1 SP 
10:48-11:48 (none seen) 
11:48-12:18 2 SP 

08:08-09:08 5 SP 

08:30-09:30 1 a Aur; 3 SP 

08:20-09:20 1 a Aur; 5 SP 

06:45-07:45 9 SP 
07:45-08:45 2 a Aur; 3 SP 

+5.6; 25% cloudy 

+5.3; variable cloudy 

+5.3 
+5.0; 50% cloudy 
+5.0; 70% cloudy 
+4.8; variable cloudy 

+5.3; 15% cloudy 

+5.2; 20% cloudy 

+6.0 

+5.9 
+5.9 

-----------------------------------The notes for Table I are on p. 186 -------------------------------------
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... 

*Notes for Table 1. Abbreviations: a Aur = Alpha Aurigid; a Cap =Alpha Capricornid; K Cyg = 
Kappa Cygnid; N. o Aqr = North Delta Aquarid; N. t Aqr =North Iota Aquarid; Per= Perseid; 

PsA = Piscis Austrinid; S. o Aqr =South Delta Aquarid; S. L Aqr =South Iota Aquarid; 
SP = Sporadic; ~ Her= Tau Herculid; u Peg= Upsilon Pegasid 

Figure 20. Sample plot of meteors observed by Robert D. Lunsford on 1990 JUL 27. Meteor 
paths are plotted with an arrowhead indicating the direction of motion. The numbers by the paths 
are for identification only, and are in chronological order. Background sky chart supplied by the 
American Meteor Society; the constellation boundaries are not the "official" ones adopted by the 
International Astronomical Union. This chart is rotated so that celestial north is to the left. 
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COMING SOLAR-SYSTEM EVENTS: DECEMBER, 1990- JANUARY, 1991 

WHAT TO LOOK FOR 

We use this column to alert our readers 
about events happening in the Solar System 
during the next two months; giving the visibil­
ity conditions for major and minor planets, the 
Moon, comets, and meteors. You can find 
more detailed information in the 1990 and 
1991 editions of the A.L.P.O. Solar System 
Ephemeris. (Seep. 196 to find out how to ob­
tain this publication.) Celestial directions are 
abbreviated. The symbol " indicates arc-sec­
onds. All dates and times are in Universal 
Time (U.T.). For the time zones in the United 
States, U.T. is found by adding 10 hours to 
HST (Hawaii Standard Time), 9 hours to AST 
(Alaska Standard Time), 8 hours to PST, 7 
hours to MST, 6 hours to CST, and 5 hours to 
EST. Note that this addition may put you into 
the next U.T. day! 

THE PLANETS: SATURN FADING; MARS, 
JUPITER, AND VENUS TAKE OVER 

The only time left to observe Saturn and 
its new "Great White Spot," if it is still visible, 
is in the early evening in the southwest; it is 
best placed for S-Hemisphere observers at 
declination 22°S in Sagittarius. The Ringed 
Planet is at magnitude +0.6 and reaches con­
junction with the Sun on 1991 JAN 18. It is no 
longer practical to observe Uranus and 
Neptune, which reach conjunction on 1990 
DEC 31 and 1991 JAN 05 respectively. 

Mars is now the most prominent object in 
the evening sky, low in the east in the twilight 
S of the Pleiades in the constellation of 
Taurus. The Red Planet was in opposition to 
the Sun on Nov 27 and fades from magnitude 
-2.0 to -0.1 in December and January as its 
disk diameter shrinks from 18" to 10", remain­
ing close enough for photography and high­
resolution visual observation .. The planet is 
well-placed for N-Hemisphere observers; at 
declination 22°N at opposition. During this 
period Mars' S Hemisphere is presented to us. 

When you finish with Mars, Jupiter 
should be risirig in the E as it approaches op­
position on JAN 29. Located in Cancer, Jupiter 
is at declination l9°N and thus favorably lo­
cated for observers in the Earth's N 
Hemisphere. During December and January, 
Jupiter's equatorial diameter grows from 41" 
to 45" while its magnitude brightens from -2.4 
to -2.6. Among other features, watch the S 
Equatorial Belt as it continues to reestablish it­
self. Jupiter is providing extra excitement with 
its mutual satellite events, which are de­
scribed in the next article (pp.189-190). 

Venus, at magnitude -3.9, is slowly pull­
ing away from the Sun in the evening sky, in­
creasing its elongation from 7° on DEC 01 to 
22° on FEB 01. Its almost-full disk drops from 
99 percent to 93 percent illuminated, while it 
remains small, growing only from 10" to 11". 

The innermost planet, Mercury, has two 
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visibility periods during our two-month fore­
cast; when it is more than 15° from the Sun. 
The first is an evening apparition between 
NOV 18 and DEC 16, with a Greatest 
Elongation East of 21°.1 on DEC 06, more fa­
vorable for viewing from our S Hemisphere. 
The second "window" falls between JAN 01 
and FEB 09, centered on the date of Greatest 
Elongation West of 23°.7 on JAN 14; this 
morning apparition favors southern observers. 

During December and January there are 
several close conjunctions between pairs of 
planets, although they will all occur near the 
Sun in the sky. The only one of these involv­
ing bright planets happens on 1991 JAN 01, 
15h, when Venus passes 1°.2 S of Saturn 
while both lie l5°E of the Sun. 

There are no less than seven minor plan­
ets that reach opposition between DEC 06 and 
JAN 31 with magnitudes +10.0 or brighter. 
Their 10-day ephemerides are given in the 
1990 and 1991 A.L.P.O. Solar System 
Ephemeris, but their opposition circumstances 
are summarized below: 

Minor Planet 

16 Psyche 
19 Fortuna 
354 Eleonora 
532 Herculina 
5 Astraea 
9 Metis 
27 Euterpe 

Opposition Data 

1990-91 Stellar Declination& 
Date Magnitude Constellation 

DEC 06 +9.4 l8°N Tau 
DEC 23 +9.4 21 °N Ori 
DEC 23 +9.9 Ol 0 N Ori 
JAN 01 +9.1 19°N Gem 
JAN07 +9.1 l7°NGem 
JAN 23 +8.7 27°N Cnc 
JAN31 +8.9 l9°NCnc 

Although not in opposition, three other 
minor planets will be fairly bright: 1 Ceres at 
Mag. +8.8-8.2, approaching its opposition on 
1991 APR 17; 2 Pallas, Mag. +8.5-7.4, with 
opposition on 1991 MAR 06; and 4 Vesta, 
Mag. +6.7-7.9, which was in opposition to the 
Sun on 1990 Nov 17. 

THE MOON 

During the current two-month period, the 
schedule for the Moon's phases is: 

New Moon First Quarter Full Moon Last Quarter 

NOV 17.4 NOV 25.5 DEC 02.3 DEC 09.1 
DEC 17.2 DEC 25.1 DEC 31.8 JAN 07.8 
JAN 16.0 JAN 23.6 JAN 30.3 FEB 06.6 

The three lunations above are Numbers 
840-842 in Brown's series. The New Moon of 
JAN 16.0 marks an annular solar eclipse, 
while the following Full Moon on JAN 30.3 
has a penumbral lunar eclipse. Both events 
are described later in this article (p. I 88). 

The other significant lunar visibility con­
dition is the Moon's librations, or E-W and 
N-S tilts in relation to the Earth. Extreme li­
brations occur on the following dates: 
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South 

NOV 30 
DEC 27 
JAN 23 

East 

DEC 08 
JAN 06 
FEB 03 

North 

DEC 13 
JAN 09 
FEB 05 

West 

DEC 25 
JAN 21 
FEB 17 

Lunar E and W above follow the usage of 
the International Astronomical Union, with 
Mare Crisium near the east limb. 

ANNULAR SOLAR ECLIPSE: 1991 JAN 15-16 

During 1991 JAN 15-16, the shadow of the 
Moon strikes the Earth; first touching the 
Indian Ocean (JAN 15d 2lh 59.9m; 109° 35'.6 
E/29° 51'.9 S), and then moving across SW 
and S Australia, Tasmania, the South Island of 
New Zealand, ending in the E Pacific Ocean 
(JAN 16d Olh 45.9m; 114° 17'.4 W/00° 27'.4 
N). The Moon's umbra! shadow will not be 
quite long enough to strike the Earth, so this 
will be an annular solar eclipse; in the shadow 
track the Moon's diameter will appear smaller 
than the Sun's, leaving a ring of light at mid­
event. Naturally, an extensive area to either 
side of the track will see a partial eclipse. The 
circumstances for some stations in the eclipse 
area are: 

U.T. of Duration, 
Max. Mag- Annular Solar 

Place Eclipse nitude Phase ...AlL. 
Perth, AUS 22:00.3 .951 5m28s 6° 
Adelaide, AUS 22:09.8 .840 27° 
Melbourne, Aus 22:18.5 .877 34° 
Canberra, Aus 22:21.3 .789 38° 
Brisbane, AUS 22:22.0 .550 41° 
Wynyard, AUS (T) 22:22.6 .961 6m43s 35° 
Sydney, AUS 22:23.1 .741 40° 
Hobart, AUS (T) 22:26.4 .918 37° 

Dunedin, NZ (S) 23:03.5 .854 57° 
Christchurch, NZ (S) 23:07.8 .910 61° 
Blenheim, NZ (S) 23:11.1 .961 7m39s 63° 
Wellington, NZ (N) 23:13.0 .964 7m42s 64° 
Auckland, NZ (N) 23:15.3 .842 67° 

Suva, Fiji 23:53.4 .357 84° 
Pago Pago, AM SAM 00:39.2 .436 73° 
Moerai, Rurutu 00:57.8 .954 6m46s 52° 
Papeete, Tahiti 01:10.0 .886 47° 
Tukuhora, Anaa 01:14.7 .948 6m08s 42° 

Notes: AM SAM = American Samoa; A us = 
Australia; (N) = North Island; NZ = New 
Zealand; (S) = South Island ; (T) = Tasmania. 
Moerai is at 151° 20' W/22° 27' S. Tukuhora 
is at 145° 30' W/17° 20' S. Magnitude = the 
fraction of the apparent diameter of the Sun's 
disk covered by the Moon at maximum 
eclipse, given in units of the Sun's diameter. 

PENUMBRAL LUNAR ECLIPSE: 1991 JAN 30 

During this eclipse, the Moon passes to the 
S of the center of the Earth's shadow, and the 
penumbral magnitude is 0.906, so there should 
be strong penumbral shading on the Moon's N 
limb near mid-eclipse. Also, just prior to the 
beginning of the eclipse, or just after its end, 
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are times when the Moon's phase angle is as 
small as is possible outside of eclipse (i.e., the 
Moon is almost exactly opposite to the Sun); a 
condition highly favorable for lunar photome­
try and for studying its tonal features without 
any appreciable shadow interference. The first 
penumbral contact is at 03h 57.6m, mid­
eclipse occurs at 05h 58.6m, and last penum­
bral contact is at 07h 59.2m. Note that Jupiter 
will lie only 2°.3 NW of the Moon at mid­
eclipse. The entire eclipse can be seen from 
North and South America, Greenland, Iceland, 
Ireland, and Scotland. The beginning only will 
be visible from Africa (except the E portions), 
Europe, and W Asia. Only the end of the 
eclipse will be seen from the Central Pacific, 
N New Zealand, N Japan, and NE Asia. 

OCCULTATIONS 

One major, and eight minor, planets are 
busy occulting stars in the December-January 
period, as shown in the table below which lists 
the date, occulting object, visual magnitude of 
planet/star, and zone of visibility for each of 
these occultations. 

DEC 04.57. 31 Euphrosyne, 13.0/8.3. WU.S.A. 
DEC 08.90. Mercury, -0.3/8.8. Brazil 
DEC 12.18. 216 Kleopatra, 1 1.9/9.4. Cent. So. 

America, W Africa 
DEC 19.69. 451 Patientia, 11.8/8. 1. E Europe, 

Cent. & E Asia 
DEC 25.36. 216 Kleopatra, 11.8/8. 1. W So. 

America 
JAN 04.01. 4 Vesta, 8.1/8.0. N & Cent. Canada, 

E U.S.A., Caribbean, N So. America. 
JAN 11.72. 184 Dejopeja, 12.5/9.2. Australia 
JAN 13.50. 351 Myrrha, 13.7/1.9.China, India, 

Hawaii? 
JAN 19.22. 216 Kleopatra, 11.7/9.3. N &E 

U.S.A., W Africa. 
JAN 21.20. 230 Athamantia, 11.6/8.6. W & 

SW Europe, NW Africa 
JAN 23.05. 165 Lorely, 13.2/9.3. S Atlantic Oc. 

The occultation of the 1.9-magnitude star 
Alhena (y Geminorum) on the local evening 
of January 13 is an extremely rare event that 
can be observed with the naked eye by mil­
lions of people if they know when and where 
to look. Along the occultation track, Alhena 
will disappear for up to 8 seconds, but it is a 
spectroscopic binary star so that disappearance 
and reappearance could occur in steps. The 
nominal occultation track crosses the China 
coast near Shanghai at about 12h01m U.T., 
crosses S China, and then continues into N 
India (at about 12h03m). The path will be 
about 124 km wide, but its uncertainty 
amounts to several hundred kilometers, and 
the track could cross Japan and even Hawaii. 

Two occultations of bright planets by 
the Moon are observable in our time period, 
just one day apart. First, on DEC 18 (06h), 
Venus is occulted, 11° E of the Sun, visible 
from the S Pacific Ocean. Then, on DEC 19 
(16h), Saturn is hidden by the Moon when 26° 
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E of the Sun. The latter event will be visible 
from the SE Pacific Ocean, S South America, 
the S Atlantic Ocean, and Central Africa. 

Meanwhile, there will be two occultations 
of the + 1.2-Mag. star Antares: (1) DEC 15, 
21h (15° W of the Sun); from the Pacific 
Ocean, Hawaii, and W North America. (2) 
JAN 12, 04h (42°W of the Sun); from Asia. 

The series of passages of the Moon across 
the Pleiades open star cluster (M45) contin­
ues: DEC 01, 15h, 99-percent sunlit Moon; 
visible from Asia. DEC 29, 03h, 90-percent 
Moon; from North America. JAN 25, 12h, 71-
percent Moon; from E Asia and the W Pacific 
Ocean. 

COMETS 

Several telescopic comets will be present 
in the sky. For more information, see the arti­
cle by Don E. Machholz, "Comet Comer," on 
pp. 180-181 of this issue. 

METEOR SHOWERS 
(Contributed by Robert D. Lunsford, A.L.P.O. 
Meteors Recorder. For more infonnation see 

"Meteors Section News" on p. 182) 

The strongest annual shower, the 
Geminids, will be most active on the morn­
ings of December 13th and 14th (local time). 
Rates have often exceeded 100 per hour for 
early-morning observers with dark skies. 
Unlike the case with most showers, stream 
members may be seen at all hours of the night. 

The Ursids peak on DEC 22 under favor­
able conditions; a waxing crescent Moon that 
will set before midnight. Best seen after mid­
night, this radiant usually produces 5-10 mete­
ors per hour. 

Finally, the Quadrantids of January are 
spoiled by a waning gibbous Moon. With the 
intense moonlight, rates on the morning of 
January 3rd (local time) will be limited to 10 
per hour at best. 

THE MUTUAL ANTICS OF THE GALILEAN SATELLITES 

By: John E. Westfall, A.L.P.O. Assistant Jupiter Recorder, Galilean Satellites 

Every six years, the Earth and the Sun 
pass through the orbital planes of Jupiter's 
four Galilean Satellites. At such times, these 
four worlds occult and eclipse each other. 
Between November 13, 1990, and April 12, 
1992, more than 300 such events take place. 

These phenomena are fascinating to 
watch, even in a small telescope. They usu­
ally last just a few minutes, although some 
events take over an hour. With a mutual oc­
cultation, the two satellites will appear to 
merge into a joint image that dims near mid­
event, then brightens again as the satellites 
draw apart. In a mutual eclipse, the eclipsed 
satellite will dim or even disappear. In a 
large telescope, under good conditions, a 
mutual occultation may be seen as the disk 
of one satellite actually moving across the 
other. Likewise, in a mutual eclipse, the 
shadow of one satellite may be seen to move 
across the disk of the other. 

The next stage beyond "just looking" is 
to make a series of drawings. Likewise, the 
amount of light loss in magnitudes can be 
estimated by comparing satellites in the 
same way as that used for variable stars. 
This project may give significant results if 
the estimates are made frequently and there­
sults plotted on a graph in order to determine 
the accurate time of minimum light. 

With a medium-size telescope, the satel­
lites can be photographed in a few seconds' 
exposure, which should be done at regular 
intervals while the event goes on. One can 
tape-record the events with a sensitive video 
camera and a telescope of at least 8 inches 
(20 em) aperture. One may then use a com­
puter "frame grabber" and the tape for pho­
tometry if accurate times are also recorded. 
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Photoelectric measurements of the light 
changes during an occultation or eclipse are 
probably the most useful amateur observa­
tions. Here, a frequent series of measure­
ments is needed, each ideally timed to 0.1-
second accuracy. The most convenient way 
to do this is to have the photometer output 
read into a computer that is equipped with a 
clock card. Another approach is to speak the 
photometer readings into a tape recorder 
along with WWV shortwave time signals. 

The most serious difficulty to overcome 
in doing any photometry involving Jupiter's 
satellites is accurately to measure and sub­
tract the scattered light from Jupiter. This es­
sentially precludes doing photometry for 
events near Jupiter's limb. For more observ­
able events, we recommend placing the pho­
tometer aperture at equal and small amounts 
to the zenocentric north and the south of the 
satellite, reading the sky background at both 
locations, and then taking the mean as the 
skylight at the satellite's position. With an 
occultation, or an eclipse near opposition, 
both satellites will need to be measured; in 
such a case, it is important to measure the 
brightness ratio of the two. 

The resulting series of measurements 
can be plotted against time on a graph or can 
be analyzed statistically. From this, one can 
find the time of maximum light loss; this can 
be used to determine the satellites' orbital 
longitudes accurately. Also, the amount of 
maximum light loss is useful to find the or­
bital latitudes of the satellites; this cannot be 
done with "normal" satellite events. 

Among the mutual events, the occulta­
tions of Io by Europa are the subject of a 
special study by the "International Jupiter 

'Vo(u.me 34, 'J{_u.m6er 4. 'J.(pvember, 1990 



Watch," which hopes to map the extent and 
location of volcanic activity on lo. Those few 
so equipped will make thermal infrared mea­
surements during these occultations. However, 
it is important that the IR measures be supple­
mented by standard wide-band photometry in 
the V or B bands; ideally both, so as to get 
time-dependent (B· V) differences. Through 
such means, we can map the extent of "resur­
facing" on Io caused by the volcanic ejecta. 

P.O. Box 16131, San Francisco, CA, 94116. 
(We plan to give an interim report at our 1991 
convention.) 

-CB-V) photomen:y of occultations of Io 
by Europa should be sent to Westfall at the 
above address, who will make them available 
to the International Jupiter Watch. 

-Reports on single-color photomen:y 
and copies of video tapes CVHS format) of all 
events should be sent to: 

Communication Fred Franklin, 

Predictions for the events for November, 
1990-February, 1991, are listed below. Future 
issues of this Journal will continue this listing 
in the regular "Coming Solar System Events" 
column. See also the appropriate annual vol­
umes of the A.L.P.O. Solar System Ephemeris. 

Center for Astrophysics, 60 Garden Street 
Cambridge, MA 02138. 

and also to: 

Dr. Jean E. Arlot, Bureau des Longitudes; 
77, avenue Denfert-Rochereau; 
75014- Paris, France. 

The other aspect of communication is to 
let people know your results: Drs. Franklin, Arlot, and Westfall will be 

glad to answer inquiries from interested ob­
servers. These mutual events are not only an 
opportunity to see something interesting, but 
also to find out more about Jupiter's satellites 
and their orbits, and about Io's volcanism in 
particular. 

-The Association of Lunar and Planetary 
Observers will be happy to receive drawings. 
photographs. and visual photometry, and will 
publish and display a selection of them; these 
should be sent to: John E. Westfall, A.L.P.O., 

Schedule of Galilean Satellite Mutual Events 

The condensed table below gives: First the date (mmdd, in Universal Time). Next is the 
form of event, where the satellites are numbered 1 for Io, 2 for Europa, 3 for Ganymede, and 
4 for Callisto. The occulting or eclipsing satellite is given first, followed by "0" for occulta­
tion or "E" for eclipse, then by the occulted or eclipsed satellite; finally by "P" for partial, 
"A" for annular, or "T' for total. Then follow the Universal Times of the event's beginning 
and end, each given as hhmm. The next set of two digits is the percentage maximum light 
loss ("DL"). Finally is given the apparent distance from Jupiter's center in Jovian equatorial 
radii ("R"). Italicized events are not recommended for photoelectric photometry but may be 
observed visually. 

U.T. Event U.T. 
Date~Begin End DL.R.. 
1990-
1991 
1113 203P 0144 0151 07 09 
1120 203P 0505 0515 16 09 
1127 203P 0827 0838 23 09 

1204 203A 1148 1200 23 09 
1211 203A 1510 1524 23 09 
J2J8 2E3P 15J2 J5J5 00 11 
1218 203A 1833 1848 23 09 
1225 2E3P 1853 1904 03 11 
1225 203A 2159 2216 23 09 
1228 201P 1920 2022 03 04 

0101 201P 0613 0648 15 03 
0101 201P 1022 105109 05 
0101 2E3P 2245 2301 13 10 
0102203A0130015023 09 
OJ04 201P 175J J820 2J 02 
0105 201P 0010 0028 10 06 
0107 20J p 1949 J952 00 06 
0108 2E1A 0716 0800 71 02 
0108 2E1A 1136 1218 68 05 
0108 201P 1337 1352 12 06 
0109 2E3P 0252 0314 24 10 
0109 203A0513 0538 23 09 
0110 402P 1548 1558 62 09 
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U.T. Event U.T. 
Date~Begin End DL.R.. 
1991 
OJIJ 20JP 0906 09JJ OJ 06 
0112 2E1A 0140 0205 69 05 
0112 201P 0258 0311 13 06 
0114 20JP 2225 2234 OJ 06 
01J5 201A 0525 0557 40 OJ 
0115 2E1A 1519 1538 69 06 
0115 201P 1613 1626 15 06 
0116 2E3A 0728 0759 30 10 
0116 203A 0923 0959 23 09 
0118 201P 1153 1207 03 05 
0118 201P 1708 1746 39 02 
0118 2EJP J800 J833 54 01 
0119 2E1A 0450 0507 70 06 
0119201P 0527053918 06 
0122 201P 0132 0202 07 05 
0122 201P 0430 0530 29 03 
0122 2E1P 0527 0607 37 02 
0122 2E1A 1815 1829 71 06 
0122 201P 1837 1848 20 06 
0123 2E3P 13311443 29 08 
0123 203A 1521 1814 23 07 
0123 2E3P 1950 2050 03 05 
OJ25 2EJP J539J645 OJ 04 
0126 2E1A 0737 0750 71 06 
0126 201P 0747 0757 23 06 

U.T. Event U.T. 
Date~Begin End DL.R.. 
1991 
0129 201P 2054 2104 26 06 
0129 2E1A 2056 2108 68 06 

0202 201P 1002 1012 29 06 
0202 2ElA 1014 1026 67 06 
0205 201P 2308 2317 33 06 
0205 2E1A 2330 2341 69 06 
0209 201P 1214 1223 36 06 
0209 2ElA 1246 1256 70 06 
0213 201P 0119 0128 39 06 
0213 2E1A 0200 0209 70 06 
0216 201A 1425 1433 40 06 
0216 2E1A 1513 1522 69 06 
0220 201 A 0329 0337 40 06 
0220 2ElA 0426 0434 67 06 
0220 304P J5J7 16J2 01 J3 
0221 304P 0105 0327 12 09 
0223 201P 1634 1642 38 06 
0223 2E1A 1738 1746 68 06 
0227 201P 0539 0546 35 06 
0227 2EIA 0650 0658 65 05 
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THE GREAT WHITE SPOT ON SATURN 

On 1990 SEP 25 U.T., Stuart Wilber, an amateur astronomer in Las Cruces, New Mexico, 
discovered an intense white spot in the northern Equatorial Zone of Saturn. Such "Great White 
Spots" have appeared in 1876, 1903, 1933, and 1960; about one Saturnian year (29.4 terrestrial 
years) apart. Indeed, a notice by Frank J. Melillo in our July, 1989, issue (p.138) had alerted our 
readers to the likelihood of another outbreak at about this time. At the time of writing (late 
November, 1990), the "Wilber Spot" had diffused over the entire Equatorial Zone, making it un­
usually bright. Figure 21, below, shows three recent CCD images of this feature. 

Figure 21. Three images of Saturn showing the Great White Spot of 1990, taken at the European 
Southern Observatory at La Silla, Chile, under conditions of mediocre seeing. The two upper 
views were taken with the New Technology Telescope, the lower with the 2.2-meter reflector. 
Top: 1990 OcT 08, OOh OOm U.T., CM(I) = 036°, 1 second with Johnson-U (ultraviolet) Filter. 
Middle: 1990 ocr 16, OOh OOm U.T., CM(I) = 309°, 1 second with 4680A filter. Bottom: OCT 
23, OOh 01m U.T., CM(I) = 099°, 10 seconds with 3880A filter. Note the development of the 
spot in longitude over the 15 day-interval of these images. The Spot's saturnigraphic latitude is 
about + 12°. North is at top and IA U west to the left. 
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MINUTES OF THE 1990 A.L.P.O. BUSINESS MEETING 

By: Peter Rasmussen, Acting Secretary 

The annual A.L.P.O. Business Meeting 
was held as part of the ALCON'90 convention 
at Washington University in St. Louis, 
Missouri. The meeting was called to order by 
John Westfall at 7:05PM on August 2, 1990, 
with 19 members present. The order of busi­
ness follows. 

I. A.L.P.O. REPORTS. 

A. Finances.-The total of our three bank ac­
counts (San Francisco, Heber Springs, Las 
Cruces) as of July 29, 1990, was $3632. The 
amount owed to the Director for A.L.P.O. ex­
penses was $1735 as of that date. 

B. Staff Changes.-None. 

C. Publications.-The number of subscribers 
to the Journal, A.L.P.O. ("The Strolling As­
tronomer") for the July, 1990, issue was 658. 
Of these 78 percent were in the United States 
and 22 percent in other countries. The costs 
for the issue before that (April, 1990) were 
$607 for postage and $924 for printing, for 
687 subscribers. This averages to be $2.23 per 
subscription, or about $9 per year, but does 
not include our mailing service, envelopes, re­
newal notices, or exchange subscriptions. In 
the immediately previous year, we published 
four quarterly issues (from Vol. 33, Nos. 11-
12 through Vol. 34, No.3), totaling 196 pages. 

One hundred copies of the AL.P.O. Solar 
System Ephemeris: 1990 had been distributed; 
83 sold and 17 free. The total expenses of this 
100-page publication were $489, and the reve­
nue from sales was $505. [Regarding the 1991 
edition, see the "Announcements" section on 
p. 193.] 

D. Foreign Membership Fund.-During the 
past year, 7 foreign amateur astronomers were 
awarded !-year A.L.P.O. memberships, at a 
cost of $112 ($16 each). We also received 5 
donations totaling $94. However, the fund re­
mains at the low balance of $12, insufficient 
for a single further award unless we receive 
more donations. 

E. Membership Trends.-The number of 
members of the A.L.P.O. had recently de­
clined, as shown by the following statistics: 

Issue Date U.S.A ~ Total 

31, 3-4 9/85 545 158 703 
31, 5-6 1/86 534 154 688 
31,7-8 3/86 525 157 682 
31,9-10 7/86 516 155 671 
31, 11-12 10/86 507 157 664 
32, 1-2 3/87 523 155 678 
32, 3-4 7/87 523 154 677 
32,5-6 10/87 517 153 670 
32, 7-8 2/88 520 160 680 
32,9-10 7/88 539 163 702 
32, 11-12 10/88 555 163 718 
33, 1-3 1/89 552 154 706 
33, 4-6 4/89 546 160 706 

- Continued in upper right-
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Issue 

33, 7-9 
33, 10-12 
34, 1 
34,2 
34,3 

~ .!L.S.,A Abroad Total 

7/89 550 160 710 
10/89 551 157 708 
2/90 546 155 701 
4!90 526 161 687 
7/90 510 148 658 

F. lncorporation.-For the first time, the 
A.L.P.O. is legally incorporated. We are now 
at California non-profit corporation and we 
have applied to the Internal Revenue Service 
for approval as a tax-exempt organization [and 
now have received a favorable decision]. 

II. NEW BUSINESS. 

A.l991 Meeting.-The A.L.P.O. had received 
two invitations for our 1991 convention: (1) 
To join the Western Amateur Astronomers at 
Mammoth Lakes, California, on August 8-11, 
1991. (2) To join the Symposium for Research 
Amateur Astronomy at La Paz, Baja 
California Sur, Mexico, on July 8-12, 1991. 
The La Paz site was approved by membership 
vote after a motion was made by Mr. Stevens 
and was seconded by Frederick Pilcher. 

B. Title Change.-Director Westfall proposed 
that the title of "Director" be changed to "Ex­
ecutive Director" because, given the incorpo­
ration, we now have an entire Board of 
Directors [see below]. The title change was 
unanimously approved following a motion by 
Jeff Beish and a second by Mr. Stevens. 

C. Subscription Agency Dues Surcharge.­
Harry Jamieson moved to have a 20-percent 
surcharge for charges to subscription agencies. 
The motion was seconded by Jeff Beish and 
then approved. 

D. Other New Business.-

!. Ephemeris.-lt was suggested that we add 
the Ephemeris to the dues description at the 
top of the inside back cover of the Journal in a 
"continued account" type format along with 
the membership renewal in order to emphasize 
its importance, but not to make it a mandatory 
purchase. 

2. Membership Decline.-There was consid­
erable discussion as to the possible reasons for 
the decline in membership. It was stated that 
the decrease may be caused by the increase in 
dues; or that new members may be trying out 
the Journal, having difficulty in reading it, and 
then losing interest. A suggestion was made 
for a section of articles for the "beginner" in 
each issue. Jose Olivarez made a motion to 
simplify the Journal. This motion was second­
ed by Jeff Beish. The motion passed with 11 
in favor, 4 opposed. 

3. Future A.L.P.O. Conventions.-There was 
a discussion as to whether or not future 
A.L.P.O. conventions should be held with or 
without other organizations and at locations 
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selected by other groups. A motion to ex­
plore the option of meeting on our own was 
made by Jeff Beish, seconded by Dan Joyce, 
and approved. 

4. Associate Membership.-A motion was 
made to create the status of "Associate 
Membership" in the A.L.P.O., with annual 
dues of $3.00, which would include all the 
rights of full membership except for sub­
scription to the Journal. This motion was 
then seconded and passed. 

With no further business, JeffBeish made 
a motion to adjourn, which was then second­
ed and passed. The meeting was adjourned 
at 8:30P.M. 

lll. BOARD OF DIRECTORS MEETING 

The Business Meeting was followed im­
mediately by a meeting of the A.L.P.O. 
Board of Directors, as required by our new 
Articles of Incorporation. The initial Board 
of Directors consisted of Walter H. Haas, 

John E. Westfall, and Elizabeth W. Westfall. 
They called the Board Meeting to order and 
then appointed additional Board members, 
who had indicated previously their willing­
ness to serve. The A.L.P.O. Board of 
Directors is now constituted: 

Walter H. Haas 
Harry D. Jamieson, Treasurer. 
Jose Olivarez 
Donald C. Parker 
Elizabeth W. Westfall, Secretary. 
John E. Westfall, Chair. 

This Board is required to meet at least 
once each year and is the legal authority for 
all A.L.P.O. business. Thus, the results of 
Business Meetings by the general member­
ship are legally only recommendations. The 
first decision of the newly-constituted Board 
was to ratify all decisions made at the pre­
ceding Business Meeting. After this, the 
Board Meeting was adjourned at 8:45 P.M. 

ANNOUNCEMENTS 

Board of Directors.-The Association of 
Lunar and Planetary Observers now has a 
Board of Directors. For its composition and 
duties, see Section III of the report on our 
1990 Business Meeting, directly above. 

Staff Change.-We regret to report that 
Richard G. Hodgson is no longer able to con­
tinue as Recorder of the Remote Planets 
Section. We are grateful for his years of ser­
vice to the A.L.P.O. in the past. Fortunately, 
Richard W. Schmude, Jr., 3000 Trinity #5, 
Los Alamos, New Mexico 87544, has agreed 
to serve as Acting Remote Planets Recorder. 

Staff Address Changes.-Two A.L.P.O. 
Section Recorders have changed their mailing 
addresses effective immediately. Their new 
addresses are: 

Philip W. Budine 
Jupiter Recorder 
R.D. 3, Box 145C 
Walton, NY 13856 

Don E. Machholz 
Comets Recorder 
P.O. Box 1716 
Colfax, CA 95713 

Please also note that the distributor of the 
Minor Planets Section's Minor Planet 
Bulletin, Derald D. Nye, now resides at: 
10385 East Observatory Drive, Tucson, AZ 
85747. 

New and Revised A.L.P.O. Publications.­
In recent months, five A.L.P.O. publications 
have been produced or revised. 

An A.L.P.O. Membership Directory is 
now available from the A.L.P.O. Membership 
Secretary, Harry D. Jamieson, whose address 
is on this magazine's front cover. The price, 
including postage, is $5.00 for members in 
North America, and is $6.00 for other coun-
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tries (surface mail). Except for a very few 
members who wish to remain anonymous, this 
booklet lists all members alphabetically, fol­
lowed by listings by country and Zip Code, 
and by topic or topics of interest. Unfortunate­
ly, only a few persons have told Mr. Jamieson 
what they are interested in! Please let him 
know; the interest codes are: 0 = the Sun, 1 = 
Mercury, 2 = Venus, 3 = the Moon, 4 = 
Mars, 5 = Jupiter, 6 = Saturn, 7 = Remote 
Planets (Uranus, Neptune, Pluto), A = 
Asteroids (Minor Planets), C = Comets, H = 
Astronomical History, M = Meteors , P = 
Astronomical Photography, S =Astronomical 
Software, T = Astronomical Telescopes, and 
V = Video/CCD Astronomy. 

A new edition of the Mars Observer's 
Handbook, by Jeffrey D. Beish and Charles 
F. Capen, is now available. The price is $8.00 
postpaid from: Astronomical League Sales, 
Four Klopfer Street, Pittsburgh, PA 15209. 

The Astronomical League has also pub­
lished our Solar Section's The New Observe 
and Understand the Sun. This handbook is 
available for $5.75 postpaid and should be or­
dered from: Astronomical League Sales, Four 
Klopfer Street, Pittsburgh, PA 15209. 

Now, here are two publications that should 
also be available by the time you read this: 

The 1990-1991 edition of the A.L.P.O. 
Section Directory can be obtained free from 
the A.L.P.O. Membership Secretary; simply 
send a stamped, self-addressed envelope. This 
publication tells about the personnel, projects, 
and publications of our Observing Sections. 

Finally, The A.L.P.O. Solar System 
Ephemeris: 1991 can be ordered from: Mark 
Davis, Pioneer Apartments, Apt. E-10, 
Christian burg, VA 24073. The price includes 
air mail postage and is $6.00 for orders from 
the United States, Canada, and Mexico, and 
$8.50 for other countries. 
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Associate Memberships.-As decided at 
our recent Business Meeting, the A.L.P.O. has 
a new category of membership; Associate 
Membership. The annual dues for Associate 
Membership are $3.00, which gives a person 
all rights of membership except there is no 
subscription to our Journal. Thus, this form of 
membership might be suitable for persons in 
the family of a full member, or for members 
of clubs where the club receives the Journal. 

Subscription Agency Surcharge.-The 
Membership Secretary, and the Director be­
fore him, have found that dealing with sub­
scription agencies takes more time and post­
age than with individuals. Our recent Business 
Meeting voted to impose a 20 percent sur­
charge on all dues payments made through 
subscription agencies. This surcharge also ap­
plies whenever an invoice is required of us. 

Paying the A.L.P.O.-Sometimes we 
have problems in depositing checks that are 
mailed to us. Please remember that checks 
should be made out simply to "A.L.P.O." 
(don't add someone's name) for membership 
dues, the AL.P.O. Membership Directory, the 
AL.P.O. Solar System Ephemeris, for dona­
tions, and for payments for advertising. If you 
live abroad, remember that all checks or 
money orders must be in US$, drawn on a 
U.S. bank, and contain an American bank 
routing number. 

Reach Out and Touch the A.L.P.O.-The 
Postal Service will doubtless remain the most 
common way to contact the "head office" of 
the A.L.P.O., but there are now two electronic 
alternatives if you are in a hurry: (1) We are 
on the CompuServe computing network via 
the identification 73737,1102. (2) Our FAX 
number is 415-731-8242. 

1991 A.L.P.O. Convention.-We will hold 
our 41st Convention with the Symposium for 
Research Amateur Astronomy in La Paz, Baja 
California Sur, Mexico, on July 8-12, 1990. 
This meeting will include the very long total 
solar eclipse of July 11th; we expect 382 sec­
onds of totality at our observing site, with a 
solar altitude of 82 degrees! The Symposium 
now has over 200 registrants from North and 
Latin America, Europe, Asia, and the Pacific. 
Hotel space remains available, and we now 
have arranged an airplane charter as well as 
some seats on scheduled airlines. However, 
the number of available spaces is shrinking 
rapidly; if you plan to come, write soon to: 
Corporation for Research Amateur Astron­
omy, P.O. Box 16542, San Francisco, CA 
94116 U.S.A. The basic registration cost is 
$130; this includes a Welcome Party on 
Sunday evening (July 7), lunch and attendance 
at sessions for Monday-Wednesday, a copy of 
the Proceedings, and access to the eclipse 
viewing site on Thursday, July 11th. Added­
cost options include a Post-Eclipse Banquet 
on Thursday evening; and a Transit of Venus 
Historical Field Trip on Friday, going to the 
observing site in San Jose del Cabo used for 
the 1769 Transit of Venus. Because paper ab­
stracts will be translated into Spanish (or 
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English if submitted in Spanish) send your ab­
stract no later than December 31, 1990, ifyou 
plan to give a talk or poster paper. 

<) 
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An Introductory Bibliography for Solar System Observers. Free for a stamped, self­
addressed envelope. A 4-page list of books and magazines about Solar System bodies and how 

to observe them. The current edition was updated in September, 1989 . 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• Order from: A.L.P.O. Membership Secretary, P.O. Box 143, Heber Springs, AR 72543, U.S.A. 

(i) A.L.P.O. Section Directory--1990191. Free; just send a stamped, self-addressed envelope. 
A 10-page description of each Observing Section's personnel, projects, and publications. 

® A.L.P.O. Membership Directory. $5.00 in the United States, Canada, and Mexico; $6.00 
elsewhere. Continuously-updated list of members: alphabetically, by location, and by interest 
or interests. Make payment to "A.L.P.O." 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• Order from: Walter H. Haas, 2225 Thomas Drive, Las Cruces, NM 88001, U.S.A. 

Back issues of The Strolling Astronomer (J.A.L.P.O.). The following are still in stock but 
may not long remain so. In this list, volume numbers are in italics, issue numbers are not, 
years are given in parentheses, and prices are $1.50 per issue unless otherwise stated. 
Discounts can be arranged for purchases over $20. Make payment to "Walter H. Haas." 

1 (1947); 6. 8 (1954); 7-8. 11 (1957); 11-12. 20 (1967-68);9-10. 
21 (1968-69); 3-4 and 7-8. 23 (1971-72); 3-4,7-8,9-10, and 11-12. 
25 (1974-76); 1-2,3-4,7-8,9-10, and 11-12. 
26 (1976-77); 1-2,3-4,5-6, and 11-12 [each $1.75]. 
27 (1977-79); 3-4, 5-6, 7-8,9-10, and 11-12 [each $1.75]. 
28 (1979-81); 3-4 [each $1.75]. 31 (1985-86); 1-2, 3-4, 5-6, and 9-10 [each $2.50]. 
32 (1987-88); 1-2,5-6, and 11-12 [each $2.50]. 
33 (1989); 1-3, 4-6, 7-9, and 10-12 [each $2.50]. 34 (1990); 1, 2, and 3 [each $2.50]. 

Current Issue [34, 4]-$3.00. 

KEEPING YOUR MEMBERSHIP CURRENT-
Because all regular A.L.P.O. memberships include a subscription to the Strolling 
Astronomer (J.A.L.P.O.), the top line of your mailing label gives the volume and 

issue number for which your membership will expire (e.g., "34.04" means 
Volume 34, Number 4). We also include a First Renewal Notice in that issue and, 

if necessary, a Final Renewal Notice with the following issue. 
Please also let the Membership Secretary know if your address changes. 

CONTRffiUTING TO THE STROLLING ASTRONOMER (J.A.L.P.O.)-

We welcome reports and observations from our readers and our staff. Please submit typewritten, 
doubled-spaced copy. For articles longer than two pages, begin with a 75-150 word abstract (our 
Journal is abstracted). Cite pertinent references in full, including page numbers. Fully document 
observations with the name and address of the observer; the observing site if different from the 
observer's address; the date and time in Universal Time; the telescope type, aperture (ern. pre­
ferred), and rnagnill.cation; filters used if any; atmospheric conditions (seeing on the 0-10 AL.P.O. 
scale; transparency as the limiting stellar magnitude in the vicinity of the object); and other data 
as pertinent to the object observed. TI!ustrations are welcome but we cannot publish color. For low­
contrast objects, contrasts should be exaggerated on drawings and photographs. Also, be sure to 
indicate celestial north or south, as well as celestial east or west if the image is laterally reversed. 

With all communications with A.L.P.O. staff, 
please furnish a stamped, self-addressed envelope. 

'I1ie Stroillng 5lstrvnomer: J..ll..L.P.O. 196 'Vo(ume 34, 'J{um&er 4. 'J{sn;em&er, 1990 



THE AsSOCIATION OF LUNAR AND 
PLANETARY OBSERVERS 

Founded in 1947, the A.L.P.O. now has approx­
imately 700 members. Our dues include a subscrip­
tion to this quarterly Journal, The Strolling Astron­
omer, and are $14.00 for one year ($24.00 for two 
years) for the United States, Canada, and Mexico; 
and $16.00 for one year ($29.00 for two years) for 
other countries. One-year Sustaining Memberships 
are $20.00; Sponsorships are $40.00. Associate 
Memberships, which do not include a Journal sub-

-Solar Section-
AsSOCIATION Richard Hill 

BOARD OF (Recorder, General) 
DIRECTORS 4632 E. 14!hStrrel 

Tucson, Arizona 8571J 
Walter H. Haas 

Paul Maxson Harry D. Jamieson 
(Treasurer) (Recorder, White Light) 

Jose Olivarez 8839N. 30th Avenue 
Donald C. Parker Phoenix, Ariwna 85051 

Elizabeth W. Westfall Randy Tatum 
(Secretary) (Recorder, Monochromatic) 

John E. Westfall 1108 Ocala Road 
(Chair) Richmond, Virginia 23229 

Francis G. Graham 
AsSOCIATION (Recorder, Eclipses) 

STAFF P.O.Box209 
East Pittsbwgh, 

Director/Editor Pemsylvania 15112 

John E. Westfall ·------------
-Lunar Section-

P.O. Box 16!3! 
San Francisco, California John E. Westfall 

94116 (Recorder) 
(CompuServe 73737 J 102; (Address Wlder Direcur/F.ditlw) 

FAX 415·731·8242) 
Winifred S. Cameron 

Founder/Director (Recorder,lJIIIIlr Transient 

Emeritus PheiUimena) 

Walter H. Haas La Rlllchita de Ia Luna 
200 Rojo Drive 2225 Thomas Drive 

Las Cruces, New Mexico Sedona, Arizona 86336 

88001 Julius L. Benton, Jr. 
(Recorder, Selected Areas 

Membership Secretary Program) 
Harry D. Jamieson Associales in Astronomy 

P.O. Box 143 305 Surrey Road 
Heber Springs, Arkansas Savannah, Ge01gia 31410 

72543 
Francis G. Graham 

Book Review Editor (Recorder, &lipses and 

Jose Olivarez Plwtometry) 

1469 V alleyview Court (Address omder Sola" Sectioo) 

Wichita, Kansas 67212 Jim Phillips, M.D. 
(Recorder,lJIIIIlr Dome 

Lunar and Planetary Survey) 
Training Program 101 Bull Street 

Jose Olivarez Charleston, South Carolina 
(Address immediately above) 29401 

scription, are $3.00 per year. There is a 20-percent 
surcharge on all memberships obtained through sub­
scription agencies or which require an invoice. 

Our advertising rates are $85.00 for a full-page 
display Ad., $50.00 for a half-page, and $35.00 for a 
quarter-page. Classified Ads. are $10.00 per column­
inch. There is a 10-percent discount for a 3-time in­
sertion on all advertising. 

All payments should be in U.S. funds, drawn on 
a U.S. bank with a bank routing number, and payable 
to "A.L.P.O." When writing our staff, please furnish 
stamped, self-addressed envelopes. 

-Mercury Section- Paul K. Mackal 

Richard M. Baum, (Assistant Recorder) 

(Recorder) 
7014 W. Mequon Road, 112 
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25 Whitchurch Road Mequon, Wisconsin 53092 
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-Venus Section- Recorder, Galilean SateUitu) 
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(Recorder) -Remote Planets Section 

12911 Lerida Strre1 
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Los Alamos, New Mexico 9460 Toni Drive 
87544 Miami, florida 33157 --------------Carlos E. Hernandez -Comets Section-
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P.O. Box l716 07095 

Colfax, California 95713 
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Harry Cralle UniveiSity of Arizona 
(Assistant Recorder) Tucson, Arizona 85721 

3'Xl2 E. 29th Street (J-4) -------------
Bryan, Texas 77802 -Meteors Section-

------------- Robert D. Lunsford -Minor Planets Section-
(Recorder) 

Frederick Pilcher 161 Vance Street 
(Recorder) O!Ula Vista, California IJWI 0 

Dlinois College 
David H. Levy Jacksmville, Dlinois 62650 

(Assistant Recorder) ---------
-Jupiter Section- (Address c.e ofRecuder) 

Phillip W. Budine James V. Scotti 
(Assistant Recorder) (Recorder) 
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Walton, New York 13856 
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The Astronomical Scrapbook 
"A joy ... a feast of information about controversial 
figures and landmarks in astronomy, accounts of 
nonexistent planets, and so on, all together in a 
relaxed style." 

- Archie E. Roy, 
New Scientist 

"Underlying each story line is Ashbrook's scholar­
ship, exactitude, and love of detail. ... This is a 
gem of an anthology which can be savored time 
and again." 

- David Hughes, 
Nature 

"Joseph Ashbrook had a very special talent in both 
astronomy and journalism .... He cast his net widely 
indeed, but with unerring aim upon carefully 
selected subjects .... A fascinating collection ... not 
one dull page within its covers. I recommend it 
without reservation." 

- Kenneth Glyn Jones, 
Webb Society Quarterly Journal 

Joseph Ashbrook 

JOSEPH ASHBROOK 

For 23 years, Joseph Ashbrook's "Astronomical Scrapbook" column was the 
first thing thousands of Sky & Telescope readers turned to when their new 
issues arrived. Ashbrook was the magazine's editor until 1980. He had a 
special passion for little-known byways of astronomy and the geniuses, toilers, 
visionaries, and crackpots who traveled them. Now 91 of Joe's best articles 
have been brought together in the 83 chapters of this long-awaited volume. 

Ashbrook's meticulous scholarship was matched only by his devotion to 
amateurs and their pivotal role in astronomy over the centuries. He detailed 
the lives and work of scores of intriguing personalities, their stumbles as well 
as their successes. The great Paris telescope fiasco, the alleged invisible moons 
of Earth, the astronomical hobbies of America's last king, the precomputer 
sweatshops full of slave-driven arithmetic workers, suspicious comet hoaxes, the 
city on the Moon, the inhabitants of the Sun, the thinnest lunar crescent ever 
seen, the biggest amateur telescope mirror ever made - these topics and 
many, many more make The Astronomical Scrapbook a book for everyone. 
Copublished with Cambridge University Press. 470 pages, hardbound. 

Order 4624 7 SCRAPBOOK . .. $19.95 

Mass. residents add 5% sales tax. Foreign add 15% for postage. Payments from foreign countries must be in 
U. S. funds drawn on a U. S. bank, or by International Money Order. 

SKY PUBLISHING CORPORATION 
49 Bay State Road * P. 0. Box 9102 

Cambridge, Mass. 02238-9102 
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