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THE LUNAR SELECTED AREAS PROGRAM: A NEW BEGINNING 

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

lntroduction 

well over a decade ago, the Lunar Transient Phenomena (LTP) Patrol was intro
duced as a new program for the A.L.P.O. Lunar Section. The major thrust of the 
endeavor was to monitor visually supposed variations at the lunar surface which 
were of an ephemeral or instantaneous nature, all quite unpredictable and all 
usually lasting from just a few seconds to about thirty minutes. In addition to 
the transient events, observers were asked to record intensity data for lunar 
features suspected of exhibiting "seasonal" or long-term phenomena. The intensive 
study of selected features proceeded with investigations of areas like Alphonsus, 
Aristarchus, Eratosthenes, Herodotus, Kepler, Messier-Pickering, and Plato; and as 
data were accumulated and reports on specific features were published, new regions 
were chosen for inclusion in the program (e.g., Atlas, Ross D, Hell, Colombo, 
etc.). by 1971, it was decided by the Lunar Recorders at that time to divide the 
observational endeavor into a bona fide LTP Survey and a new Selected Areas Pro
gram, to deal more effectively with the long-term variable phenomena. Observa
tional data were collected in each program, catalogued, and analyzed. With the 
passage of time, reports appeared in the present Journal on specific features which 
were a part of the Selected Areas Program; and those which were covered by the LTP 
Survey were included in a more statistical and generalized analysis. The resUlts 
from both programs were very promising, with quite a few instances of LTP events 
and recognized "seasonal" variations apparent in the data sample. 

ln the years since 1971, the LTP Survey and Selected Areas Program have 
followed increasingly divergent paths. Observers, too, began to lose interest in 
visual work on the Moon in the course of extensive photography of our satellite by 
orbiting space probes and subsequent firsthand explorations by the Apollo astro
nauts. The question of whether or not lunar visual photographic observations with 
amateur instruments would be of any continued scientific value was raised in many 
circles with greater frequency. Indeed, this subject has been addressed in the 
literature on numerous occasions over the past two decades. Nevertheless, the 
writer is quite confident, given the results of previous efforts in the Selected 
Areas Program and those of the LTP Survey, that both programs have tremendous 
scientific value, particularly if well-planned and executed by persistent, careful 
observers. Indeed, the Selected Areas Program and the LTP Survey represent mean
ingful enterprises at the fundamental level of amateur observational astronomy; 
that is, they are pursuits which are concerned with long-term visual monitoring of 
variable phenomena occurring at the surfaces or within the atmospheres of the Moon 
and principal planets. The scope of such work is quite removed from the fact that 
spacecraft have revealed such a great wealth of information about our Solar System. 
The patient and persistent efforts of amateur astronomers in the realm of lunar 
studies, which form an integral part of the LTP Survey and Selected Areas Program, 
can supplement the findings of other energetic endeavors to add to the prolifera
tion of data and to the overall knowledge about our Moon. 

Today, although the LTP Survey persists with an active program, the Selected 
Areas Program has been quite dormant, presumably for many of the reasons cited in 
the foregoing paragraph. Encouragement, however, has been forthcoming with respect 
to the latter endeavor in recent months; and after much demonstrated interest in 
the Selected Areas Program, a revitalization recently has been in progress. In
deed, both the LTP Survey and the Selected Areas Program can have greater value if 
both enterprises are active at the same time, particularly if both programs are 
interrelated from the standpoint of data exchange. The writer is enthusiastic, 
therefore, that a new era in lunar observational work is about to unfold, at least 
from the standpoint of those programs which are within the purview of the philoso
phy of amateur lunar and planetary observational astronomy as noted earlier. The 
Selected Areas Program is an area of lunar observation in which practically any 
amateur astronomer can participate, regardless of aperture or experience; and if 
painstakingly followed for an extended length of time, the program can unquestiona
bly produce some meaningfUl and scientifically useful results. 

Observational Programs 

Quite aside from the LTP Survey, the Lunar Selected Areas Program is concerned 
chiefly with monitoring regular and cyclical long-term variations during several 
lunations of specifically designated areas. ln general, the program is designed to 



investigate carefully, with respect to each feature, the following possible 
phenomena: 

1. Tonal and/or Color Variations. Observers are to watch for any variation 
in tone or color, or in the size and shape of an area of tone or color, 
which is not related to varying solar illumination (i.e., the phenomenon 
does not exactly repeat from lunation to lunation). Areas apparently most 
subject to such behavior in lunar features are radial bands, dark patches, 
and nimbi or haloes. 

2. Shape or Size Changes. Careful attention must be paid to any change in 
apparent morphology of a feature not traceable to changing illumination or 
libration. 

3. Shadow Anomalies. Observers should watch for any deviation of a shadow 
from absolute black or for a shadow with an anomalous shape or coloration, 
in most cases not traceable to varying illumination. 

4. Appearance or Disappearance of Features. Although such changes are 
exceedingly rare, not to mention controversial, observers should monitor 
any features which are suspected of being present during the course of an 
observing session but are presumably absent on earlier·maps or 
photographs, or features should be noted which are apparent on earlier 
maps or photographs but are not so readily apparent today. 

5. Eclipse-Induced Changes. Observations are sought of one or more of the 
aforementioned phenomena which might occur during an eclipse of the Moon 
or immediately thereafter. 

Most of the phenomena listed above are related to anomalous variations in 
morphology, tone, or hue, which cannot be attributed to changing solar angle or 
libration, and which do not repeat systematically from lunation to lunation. While 
searching for such phenomena forms one of the principal goals of the Lunar Selected 
Areas Program, it is of equal importance, and indeed essential, to establish the 
normal aspects of features under all conditions of illumination, particularly the 
normal brightness or albedo at all ages of the Moon (and even more significantly at 
various phase angles). 

Generally, the Lunar Selected Areas Program will incorporate some of the 
methods pioneered years ago by previous colleagues, but significant changes shall 
be adopted in the overall functional scope of the endeavor. Several areas had been 
selected in the past for inclusion in the program, and rather massive files exist 
on some areas like Plato and Alphonsus. A few published report~ have appeared in 
the present Journal, while some data remain in various states or levels of anal
ysis. The initial effort has been directed to acquire remaining files on the older 
Selected Areas Program, to organize and catalogue the available information, to 
perform whatever analytical work is deemed worthwhile, and subsequently to publish 
reports as they are warranted. 

Following considerable thought and consultation with various colleagues in
volved in current lunar research, it has been decided to announce the following 
lunar features for incorporation into the newly reorganized Lunar Selected Areas 
Program: 

Atlas Copernicus Plato Theophilus Tycho 

All of the features noted above are easy to locate and are important for intensive 
study on a long-term basis. Complete outline charts and forms have been generated 
and have been made available to those who express interest in the work of the 
Selected Areas Program. lt is worth mentioning, incidentally, that a few of the 
areas now a part of the program have indeed been included in past lunar studies. 
lt has been determined, however, that the regions listed are worthy of continued 
extensive observations due to their importance. 

lt is useful to reiterate here that the standard observational practice shall 
be to monitor visually all of the selected lunar features as objectively as possi
ble, with regular sessions at the telescope throughout many lunations, adhering 
systematically to the methods and procedures of the program. Observers should bear 
in mind that, while aperture is not of prime importance (larger apertures certainly 
have advantages over smaller ones when seeing is good), excellent optics are re
quired for the effective study of lunar detail and for watching subtle, elusive 
phenomena. Individuals should be well acquainted with the characteristics of their 
telescopes and accessories; and they should be aware of the effects of scattered or 
reflected light, irradiation, and aberrations caused by the eye, the instrument, 
and the atmosphere. 
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1he general observational procedures of the Lunar Selected Areas Program, as 
it exists following reorganization, can be outlined as follows: 

1. Participating observers should concentrate on one feature, and certainly 
no more than two features, throughout any given lunation. Each observa
tion should be placed on a separate form in order to permit filing of 
reports by selected area. 

2. Observations should be conducted using only the standard forms provided, 
employing the same telescope and magnification(s) for all observations 
(and certainly throughout the lunation in question). 

3. Very careful records must be kept of the date and time (UT) of observa
tion, the colongitude versus time (Ul), the field orientation of the 
ocular, etc. Space is provided on the standard forms for most of this 
information (details as to how to compute colongitude are supplied upon 
request). 

4. Observations should be attempted only when the Moon is at an altitude of 
25° or more above the horizon in order to eliminate most of the effects of 
atmospheric dispersion and poor seeing. 

5. Seeing in the relative proximity of the Moon must be carefully appraised 
utilizing the standard A.L.P.O. Seeing Scale of 0 (poorest) to 10 (per
fect), and transparency should be quantified as the faintest star that can 
be detected by the fully aark-adapted eye at the time of observation. 
Both seeing and transparency should be monitored throughout the observing 
session. 

6. For each lunar feature, a reference outline chart has been provided with 
several marks or points chosen to help standardize observations. Points 
have been given prescribed letters to reference the following for each 
selected area in assigning albedo values: 
A. A letter has been given to each cardinal point (N, S, E, and W in the 

lAD sense) on the inner walls of craters (or on the exterior sides of 
a lunar mountain or dome). 

B. A letter has been assigned to the summit(s) of central peak(s) that 
might exist (or summit of a specific feature which is a lunar 
mountain). 

C. Several points have been established on the floors of craters and in 
surrounding environs. 

It is exceedingly important for individuals to recognize at the outset 
that the identical features are always used for systematically assigning 
albedo values in every lun'ation and from one lunation to the next 
successive lunation. Painstaking care must be exercised to insure that 
the location(s) of the intended point(s) being estimated is precisely 
established from reference to the accompanying outline charts. Also, any 
additional points chosen by the observer should be carefully noted. 

Table l. Elger's Albedo Reference Scale and Examples 

Numerical Value 
0.0 

Lunar F'eatures as Examples 
Black shadows 

1.0 
1.5 
2.0 

2.5 

3.0 

3.5 
4.0 
4.5 
5.0 

5.5 
6.0 
6.5 
7.0 
7.5 

Darkest parts of Grimaldi and Riccioli 
Interiors of Billy, Boscovitch, and Zupus 
Floors of Endymion, LeMonnier, Julius Caesar, Cruger, and 

Fourier. 
Interiors of Azout, Vitruvius, Pitatus, Hippalus, and Marius. 

Interiors of Taruntius, Plinius, Theophilus, Parrot, Flamsteed, 
and Mercator. 

interiors of Hansen, Archimedes, and Mersenius. 
Interiors of Manilius, Ptolemaeus, and Guerik~. 
Surface around Aristillus and Sinus Medii. 
Walls of Arago, Landsberg, and Bullialdus; surfaces around 
Kepler and Aristarchus. 

Walls of Picard and Timocharis; rays of Copernicus. 
Walls of Macrobius, Kant, Bessel, M6sting, and Flamsteed. 
Walls of Langrenus, Thaetetus, and LaHire. 
Theon, Ariadaeus, Bode B, Kepler, and Wichmann. 
Ukert, Hortensius, and Euclides. 
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Table l. Elger 's Albedo Reference Scale and Examples (Continued) 

Numerical Value Lunar Features as Examples 

8.0 
8.5 
9.0 
9.5 

10.0 

walls of Godin, Bode, and Copernicus. 
walls of Proclus, Bode A, and Hipparchus C. 
Censorinus, Dionysius, MBsting A, and Mersenius B and C. 
Interior of Aristarchus and LaPeyrouse. 
Central peak of Aristarchus. 

7. In Table I Eager's scale of albedo values is presented with examples at 
full phase (0° phase angle). Observers need initially to familiarize 
themselves (at Full Moon) with all of the steps and examples in Elger's 
scale and to establish a permanent reference grey scale. This can be done 
by using selectively exposed film, graded pencil shadings, or a good 
commercial photographic grey scale wedge, to match each step (in inte
grated light) in Elger's grey scale. Once established at the telescope, 
the grey scale is exclusively used as a reference for albedo estimates; 
and the albedo (observed) of every point chosen for the feature under 
scrutiny is matched to the nearest grey of the scale. It is essential to 
employ the telescope and magnification(s) which will always be used in 
actual observations when setting up the grey charts for reference pur
poses. 

b. The outline chart on the observing form which is devoid of albedo 
reference points is utilized for any drawings that the observer might 
choose to execute. To provide such drawings will add much to the value of 
the observations. While artistic drawings are pleasing to look at, ac
curacy is the prime consideration in depicting form, position, and shape 
of lunar features (techniques for drawing lunar features can be provided 
upon request). 

9. Albedo observations can be carried out employing red, green, and blue 
color filters (of known wavelength transmissions) in much the same way as 
that describea in Item 7 for no filter, but a reference scale for estimat
ing albedo values for each filter at Full Moon for each feature must be 
established. Of particular interest are any regions which appear enhanced 
in one filter while subdued in another. 

10. written descriptive notes to accompany each observation are important, and 
they should include information that might not be apparent in examining 
the drawing and the albedo chart. Things worth mentioning might be fea
tures that are obvious only under low or high Sun angles, the nature and 
extent of bright rays and/or bands visible in the vicinity of the feature, 
and the general morphological appearance of the region and its environ
ment. Any anomalous or unusual aspects should be carefully noted and 
referenced. 

11. Although our program is chiefly concerned with long-term phenomena, any 
transient (LTP) events which might be noticed in the course of an observa
tion should indeed be recorded. More details are available on the LTP 
Program from the appropriate Lunar Recorder; but individuals might 
evaluate transient phenomena with respect to time and duration, whether 
they represent brightenings or darkenings (suddenly), short-term anomalous 
fluctuations in hue, shadow peculiarities, obscurations, etc. ln any 
case, LTP events should be brought to the attention of the Recorder imme
diately. 

12. Observations should be kept in duplicate, the originals being sent to the 
Lunar Recorder at the end of a given lunation without delay. 

The foregoing information should be sufficient for pctential observers to get 
underway with a viable program, but a comprehensive Lunar Selected Areas Observing 
Manual is in preparation which will outline all of the methods and techniques of 
interest to participants in the program. Also, and quite importantly, a special 
section of the Manual will deal with photoelectric photometry of selected lunar 
features which are presently being followed by visual methods. There are quite a 
few lunar features which need more extensive photoelectric photometry; in fact, 
there are many areas which have not been systematically measured at all. The 
details of this potentially meaningful endeavor are being worked out with great 
care in the hope that photoelectric work can become an integral part of the Lunar 
~lected Areas Program in due course. 

Readers are cordially invited to participate in the observational pursuits of 
the Selected Areas Program; and the writer hereby issues an appeal to all 
interested individuals, including those who took part in the older enterprise, to 
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JOln with us in what is certainly a valuable, challenging endeavor. All inquiries 
should be addressed to : Dr. Julius L. Benton, Jr., A.L.P.O. Lunar Recorder, 1100A 
Vincent Road, warrington, Pennsylvania 18976. 
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PHOTOELECTRIC PHOTOMETRY OF THE DECEMBER 3Q.._ 1982 TOTAL LUNAR ECLIPSE 

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

L.Note .Qy E.ditor. The following article is an excellent if specialized example of 
the lunar photoelectric photometry which Dr. Benton is inviting observers to 
undertake in the preceding article in this issue. While total lunar eclipses in 
.North America will be rare for the next several years, as Dr. Westfall notes, 
perhaps our overseas colleagues can make similar investigations of eclipses visible 
to them. lt may be helpful to read the next article in conjunction with the 
general description of the same eclipse in J.A.L.P.O., Vol. 29, Nos. 11-12, pp. 
259-264 and with the author's similar measures of the July 6, 1982 total lunar 
eclipse in J.A.L.P.O., Vol. 29, Nos. 7-8, 166-171. lnterested readers are invited 
to correspond with Messrs. Benton and Westfall, whose mailing addresses appear on 
the back inside cover.] 

Introduction 

The December 30, 1982 total lunar eclipse was the last total lunar eclipse to 
be visible from .North America until April 24, 1986. As if to make up for the 
forthcoming hiatus, this was a most unusual event. Even though the Moon passed 
well north of the umbral center--the Moon's north limb was only 6 arc-minutes south 
of the umbra's northern edge--the December eclipse proved considerably darker than 
the July 6, 19b2 one, when the Moon passed almost centrally through the umbra. 
both eclipses indicate that, currently, the darkest portion of the umbra is well 
north of its center, an asymmetry probably due to volcanic dust in the stratosphere 
of the northern hemisphere of the Earth. The photoelectric observations summarized 
here reinforce these general conclusions. 

Instruments and Methods 

1he site used for the observations reported here was in San Francisco. Al
though an urban site, unusually clear skies allowed a limiting visual magnitude of 
about +4.5 at mid-totality. The telescope used was a 25.4-cm. Cassegrain at 
f/16.5. An Optec SSP photoelectric photometer was used, with a 0.5-mm aperture 
(24.6 arc-seconds witg this telescope) and a V filter with a peak 75-percent 
transmittance at 5550 A. 

Three bright craters, Anaxagoras, Copernicus, and Tycho, were measured 
repeatedly throughout the eclipse, with comparisons with the nearby star 
~ Geminorum as time permitted. Altogether 31 measures were made of Anaxagoras, 

22 of Copernicus, and 26 of Tycho, along with 12 measures of 1~Gem. The observing 
period was Ob:41.5- 13:30.6, Universal Time, with timing done to a 0.1-minute 
accuracy. 

Sources of Error 

The photoelectric readings of ,U.Gem showed unacceptably-high variations, with 
a root-mean-square coefficient o·f variation of ±10.2 percent (:!:0.11 magnitude), 
possibly due to varying amounts of reflected light from the nearby Moon. 
Accordingly, the stellar readings were not used to calibrate the lunar readings. 
On the other hand, repeated measures of the three selected craters, when outside, 
or in the outer portions of, the penumbra, showed good agreement, both in the short 
term and between penumbral immersion and emersion; the root-mean-square variation 
for the 39 readings made for points 60 or more arc-minutes from the umbral center 
was :!:0.055 magnitude (:!: 5.2 percent). Thus, the only adjustments made to the 
measures were (i) the subtraction of sky background, and (ii) comparison of each 
reading to the mean of the pre- and post-eclipse readings for the appropriate 
crater. Despite the variations in the Moon's altitude (decreasing from 73~5 to 
23~2) and thus in the air mass (increasing from 1.043 to 2.534) during the period 
of observation, there was no statistically-significant difference between pre- and 
post-eclipse measures. 

Although errors appear acceptably small for the brighter phases of the 
eclipse, they undoubtedly were much larger during totality. First, the craters 
selected could not be detected during most of the umbral ingress or egress periods 
because glare from the penumbra rendered the faint umbra invisible. Indeed, even 
during totality, Copernicus was never seen, and only 3 readings could be made of 
Anaxagoras, along with 7 of Tycho. Second, even when a selected crater could be 
detected in the umbra, it was so faint that the photometer reading was marginal. 
1hus 4 of the 10 umbral measures are considered upper brightness limits only, while 
the remaining 6 may well be uncertain by a factor of two (i.e., ± 0.7 magnitudes). 
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ln order to facilitate comparisons between the two 1982 total lunar eclipses, 
the results for the December 30th eclipse are here presented using diagrams similar 
to those used in the writer's previous report on the July eclipse (JALPO, ~ 
(August, 1982), 168-171). 

Figure 1 (p.7) maps the photometric results, expressed in terms of visual 
magnitudes light reduction relative to full sunlight, with positions in units of 
arc-minutes N-S and ~-w of the umbral center. As with the July, 1982, eclipse, the 
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light fall-off in the penumbra fitted the expected regular pattern predicted by 
simple geometry. Unfortunately, due to the few and uncertain umbral measures, our 
picture of the distribution of light within the umbra is much less clear. Never
theless, it is quite evident that this was an extremely dark eclipse. It also 
appears clear that the distribution of umbral illumination was not symmetric about 
the umbral center; shading was most intense in the north-central portion of the 
umbra--this conclusion was confirmed by long-exposure photographs (2 min. and 4 
min. exposures at f/10 and 1000-mm focal length on Fujichrome 400) made near mid
totality, and which showed the Moon's north limb as the brightest zone, the Moon's 



central portion as the darkest, and the south limb (i.e., closest to the umbral 
center) as somewhat brighter than the lunar center. The ~imum dimming within the 
umbra appears to be about 16 magnitudes (i.e., 4.0 X 10- of full sunlight). This 
is roughly confirmed by the writer's naked-eye estimate of +3.5 - 4 for the lunar 
visual magnitude near mid-totality, and his estimate of the Danjon luminosity as 
0.5. Comparison of the December 30th umbral "map" with the similar diagram of the 
July 6th event suggests that the extremely dark northern umbra in the later eclipse 
can be consistently extrapolated from the pattern observed in the earlier. 

Figure 2 (p.6) graphs visual magnitude reduction against distance from the 
umbral center. This graph closely resembles the corresponding one for the Jul3 6, 
19b2, eclipse; both indicate an approximate 6-magnitude reduction (4. X 10- of 
direct sunlight) at the edge of ~he geometric (unenlarged) umbra, and a value of 
about 4.5 magnitudes (1.6 X 10-) at the apparent umbral edge. In the December 
eclipse, the gradient of brightness change in this zone was about 1.3 magnitudes (a 
factor of about 3.3 times) per minute of arc. This diagram also indicates bright
ness variations of 1.5- 2 magnitudes (a factor of 4 - 6 times) even wel~ within 
the umbral interior. 

ON THE ALBEDOES OF SOME LUNAR FEATURES 

By: Peter H~dervari, Georgiana Observatory, 
Center for Cosmic and Terrestrial Physics, H. 1023 Budapest, 

11. Arpad fejedelem utja 40----41, Hungary 

Abstract 

Although we have about 362.5 kilograms in rocks from the Moon, the "classical" 
method which employs the albedo-values of different lunar regions can give us some 
further information about the composition of the outermost layer of the Moon. This 
article treats such an investigation, with a particular emphasis on the crater
classes of Baldwin. 

Baldwin (1949, 1963) has classified the lunar craters into five groups on the 
basis of their appearance. The Class 1 craters are believed to be the youngest 
ones; they are almost all post-mare features and have not been distorted by 
subsequent craters which came into being in the same region. Baldwin is of the 
opinion that Classes 2--3--4 craters are progressively older and that they are more 
and more distorted by the later overlapping and overlying craters. This statement 
is based on the impact theory. His Class 5 craters are partly or entirely filled 
with lava-flows which solidified eons ago. 

Plotting the albedoes according to the 5 classes (Fig. 3), one can recognize 
that, generally speaking, Class 1 craters have relatively high albedoes, ranging 
from O.ObO to 0.152, while the lava-filled ones, belonging to Class 5, are charac
terized by relatively small values, ranging from 0.059 to 0.114 in our examples. 
while the volcanic ash of Vesuvius has a high albedo, other igneous materials, 
particularly the lavas of basaltic composition, have small values (Fielder, 1961), 
corresponding excellently to the albedoes of the lava-filled craters, as is seen in 
Fig. 3. The albedoes of basins, shown also in Fig. 3., are from Sytinskaya ( 1953). 

lt can be seen from the graph that the majority of the basins are covered by 
(basaltic) lavas, having a basic character (Si02-content varies from 48 to 52 
percent). The lavas covering Hare Nectaris, Mare Frigoris, and Palus Somnii may 
represent a transition between the basic and acidic rocks. Neutral rocks have a 
Si02-content of 52--65 percent, while in acid rocks the Si02-content is higher than 
65 percent. lt is also shown in Fig. 3 that the lunar continents (upland areas) 
are made of neutral rocks and acidic ones. 

ln the figure, albedo values are after van Diggelen (1959), Fielder (1961, 
1965), and Sytinskaya ( 1953), as well as from the volumes of Catalogue of Active 
Volcanoes of the Earth, published by the International Association of Volcanology. 

References 
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2. baldwin, R.b., 1963: The Measure of the Moon. The University of Chicago 
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Figure 3. Albedoes of some lunar features and terrestrial volcanic rocks. Legend: 
AL: albedo values. 1, 2, 3, 4, and 5: crater classes of Baldwin; 1 means the 
youngest craters, 4 the oldest ones, 5 is craters partly or completely filled with 
solidified lava sheets. A: craters; B: quartz porphyry (Si02 content is approxi
mately 72 percent); C: trachyte lava (59 percent); D: lava of Hekla volcano, 
lceland (54 percent); E: basalt lava (48 percent); F: lava of Vesuvius, Italy 
(46.7 -- 50.9 percent) and lava of Etna, Italy (46.7 -- 50.3 percent), respective
ly; G: volcanic ash of Vesuvius; H: Mare Fecunditatis; I: Sinus Iridum; J: Mare 
Lrisium; K: Sinus Medii; L: upland area (lunar continent); M: Palus Somnii; N: Mare 
f'rigoris; 0: Mare Serenitatis; P: Mare Tranquillitatis; R: l"lare Vaporum; S: Oceanus 
Procellarum; T: Mare Nectaris; U: Mare Imbrium; V: Mare Nubium; ac: acidic composi
tion; n: neutral composition; ba: basic composition; tr1: transition from neutral 
to acidic; tr2 : transition from basic to neutral. The numerals in the second 
column mean the Si02-content in percent. 

4. Fielder, G., 1965: Lunar Geology, Lutterworth Press, London. 
5. Syntinskaya, N.N., 1953: "Summary Catalogue of the Absolute Values of the 
Visual Reflecting Power of 104 Lunar Features" (in Russian). Astr. Zhur., .3Q, 295. 
6. Van Diggelen, J., 1959: "Photometric Properties of' Lunar Crater Floors." 
hecherches Astronomiques de L'Observatoire d'Utrecht, XIV, 2, 1--114. 

GALILEAN SATELLITE TRANSITS AND OCCULTATIONS: JULY .=. DECEMBER, ~ 

By: John E. westfall, A.L.P.O. Assistant Jupiter Recorder, Satellite Timings 

The Galilean satellite timing program is now encouraging the timing of 
satellite transits and occultations as well as of eclipses. In order to aid 
observers of these phenomena, the table on pages 12 and 13 gives the predicted 
Universal Times of these events for the second half of 1983. Note that observed 
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times may differ from those predicted by up to several minutes. 
The 569 times given are based on a listing generously furnished by Professor 

Paolo Gregorio of the lnstituto di Fisica Tecnica e lmpianti Nucleari, Politecnico 
di Torino, Turin, Italy. His predictions are derived from the "E-2" ephemeris 
developed by Dr. Jay Lieske of the Jet Propulsion Laboratory, and were given to a 
precision of 0.1 minute, Ephemeris Time. The values here have been converted to 
Universal Time (assuming6 T = +d!l9) and have been rounded to 1 minute. 

hach entry in this table is arranged as follows: 
Satellite (1 = Io, 2 = Europa, 3 = Ganymede) and event type (T = transit, 

0 = occultation, i = ingress, e = egress, d = disappearance, r = reap
pearance); 

Month number (2 digits) and day number (2 digits); 
Hour U.T. (2 digits) and minute U.T. (2 digits). 

Generally, telescopes with apertures of 4 in. (10 em.) or greater are suitable 
for timing these events. For each event, observers are requested separately to 
time these phenomena to 1-second precision: (1) first limb contact with Jupiter, 
(2) central contact (satellite bisected by Jupiter's limb); (3) last limb contact. 
A.L.P.O. observers are encouraged to time these events, and should contact the 
wirter for observing forms for recording and reporting their timings at the address 
on the back inside cover. 

VISUAL OBSERVATIONS OF 8ATURN IN THE 1981-82 APPARITION 

By: G. Adamoli (Unione Astrofili Italiani) 

Abstract 

Analysis is presented of 93 visual observations of Saturn made in the first half of 
19&2 by chiefly Italian amateurs employing 10- to 30-cm aperture telescopes. The 
NEB was suspected of having moved north since 1980. Some spot activity was 
recorded on the S edge of the NEB and in the EZn during April-June. One observer 
saw the Encke Division on Ring A. 

General Remarks - This report covers a seven month period from 1981, December 
26 to 1982, July 28, during which 13 Italian amateurs plus one from England 
contributed a total of 93 visual observations of Saturn, telescope apertures being 
in the 10-30 em range (see Table I). Most observations were made in April-June, 
around and soon after opposition, which occurred on April 9, 1982, when the planet, 
at declination -5° in Virgo, showed a 1?!2 polar diameter. Axis tilt varied 
between +9n and +1~5 so that observation of the north hemisphere was favored, 
while the south equatorial region was occulted by the rings. 

Statistics - Statistical study was made of a total of 1031 intensity estimates 
of features on the 0-10 English scale (Alexander, p. 448), 605 color estimates, and 
265 latitude measures on drawings. Means were derived for the intensity data (see 
'Iable 11) and latitude data (see Table III). A summary of the general trend, if 
any, in the color estimates is reported here as Table IV. All such estimates are 
heavily dependent on subjective judgement, aperture employed, seeing and 
transparency conditions, and observational experience. However, it is hoped that 
statistical analysis and comparison among results of many independent observers can 
lead us to recognize objective phenomena on the planet. 

The Rings - The relatively low tilt of the ring system to our view did not 
prevent observers from distinguishing its main components, though only near the 
ansae. The system appears to have recovered normal brightness, after a period of 
general dullness (Adamoli, 1982). Palumbo on March 31 suspected the following ansa 
to be darker than the preceding one, though seeing was bad during this observation. 

Ring ~ was a difficult feature, as pointed out by a large spread in the 
intensity estimates ( 1.0 to 5.2) and the many different opinions about its color: 
some observers saw it green; others, greyish or yellowish. Only two observers 
suspected it to be divided into two regions of differing intensity, the outer being 
the darker; Gambato, using a larger instrument in generally fair seeing, saw the 
t.ncke Division on both ansae. Measurement of his 6 drawings yields Encke's posi
tion as about 2/5 of the way from the outer to the inner edge of Ring A, its width 
being 1200 ± 400 km (standard deviation). lhe Cassini Division was seen by all 
observers, though limited to the ansae. In good seeing it was considered to be 
practically black. Measurement of its width on drawings gives a large spread over 
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Predicted Galilean Satellite Transits and Occultations: 
July 1- September 28, 1983 

10d 0701 0837 1Ti 0719 2227 3Ti 0806 2312 1Ti 0824 0749 2Ti 0910 1609 
2Ti 0701 1508 1Te 0720 0037 3Te 0807 0135 1Te 0824 0959 2Te 0910 1835 
2Te 0701 1728 30d 0720 0150 10d 0807 1211 30d 0824 2050 1Ti 0911 0039 
3Ti 0702 0507 30r 0720 0410 20d 0807 2217 30r 0824 2319 1Te 0911 0249 
1Ti 0702 0556 10d 0720 1934 20r 0808 0042 10d 0825 0456 3Ti 0911 1905 
3Te 0702 0720 20d 0721 0405 1Ti 0808 0933 20d 0825 1641 3Te 0911 2135 
1Te 0702 0806 1Ti 0721 1655 1Te 0808 1143 20r 0825 1906 10d 0911 2146 
10d 0703 0304 1Te 0721 1904 10d 0809 0639 1Ti 0826 0218 20d 0912 1116 
20d 0703 1008 10d 0722 1401 2Ti 0809 1626 1Te 0826 0428 20r 0912 1342 
1Ti 0704 0023 2Ti 0722 2214 2Te 0809 1849 10d 0826 2324 1Ti 0912 1908 
1Te 0704 0233 2Te 0723 0036 1Ti 0810 0401 2Ti 0827 1052 1Te 0912 2118 
10d 0704 2130 1Ti 0723 1122 1Te 0810 0611 2Te 0827 1316 10d 0913 1616 
2Ti 0705 0417 1Te 0723 1332 30d 0810 1301 1Ti 0827 2047 2Ti 0914 0530 
2Te 0705 0638 3Ti 0723 1545 30r 0810 1527 1Te 0827 2257 2Te 0914 0755 
30d 0705 1847 3Te 0723 1804 10d 0811 0108 3Ti 0828 1055 1Ti 0914 1338 
1Ti 0705 1850 10d 0724 0829 20d 0811 1132 3Te 0828 1323 1Te 0914 1548 
1Te 0705 2100 20d 0724 1718 20r 0811 1358 10d 0828 1753 30d 0915 0903 
30r 0705 2102 1Ti 0725 0550 1Ti 0811 2230 20d 0829 0559 10d 0915 1045 
10d 0706 1557 1Te 0725 0800 1Te 0812 0039 20r 0829 0825 30r 0915 1135 
20d 0706 2318 10d 0726 0256 10d 0812 1936 1Ti 0829 1516 20d 0916 0036 
1Ti 0707 1317 2Ti 0726 1127 2Ti 0813 0542 1Te 0829 1726 20r 0916 0303 
1Te 0707 1527 2Te 0726 1350 2Te 0813 0805 10d 0830 1222 1Ti 0916 0807 
10d 0708 1024 1Ti 0727 0018 1Ti 0813 1658 2Ti 0831 0010 1Te 0916 1017 
2Ti 0708 1728 1Te 0727 0227 1Te 0813 1908 2Te 0831 0235 10d 0917 0514 
2Te 0708 1949 30d 0727 0529 3Ti 0814 0302 1Ti 0831 0945 2Ti 0917 1851 
1Ti 0709 0744 30r 0727 0751 3Te 0814 0527 1Te 08 1 11 4 2Te 0917 2117 
3Ti 0709 0835 10d 0727 2124 10d 0814 1404 30d 0901 0051 1Ti 0918 0236 
1Te 0709 0954 20d 0728 0632 20d 0815 0049 30r 0901 0321 1Te 0918 0447 
3Te 0709 1050 1Ti 0728 1845 20r 0815 0314 10d 0901 0651 3Ti 0918 2315 
10d 0710 0451 1Te 0728 2055 1Ti 0815 1126 20d 0901 1918 10d 0918 2344 
20d 0710 1229 10d 0729 1552 1Te 0815 1336 20r 0901 2144 3Te 0919 0146 
1Ti 0711 0211 2Ti 0730 0041 10d 0816 0833 1Ti 0902 0414 20d 0919 1357 
1Te 0711 0421 2Te 0730 0304 2Ti 0816 1858 1Te 0902 0624 1Ti 0919 2106 
10d 0711 2318 1Ti 0730 1313 2Te 0816 2122 10d 0903 0120 1Te 0919 2316 
2Ti 0712 0638 1Te 0730 1523 1Ti 0817 0555 2Ti 0903 1329 10d 0920 1814 
2Te 0712 0900 3Ti 0730 1927 1Te 0817 0804 2Te 0903 1554 2Ti 0921 0812 
1Ti 0712 2038 3Te 0730 2148 30d 0817 1653 1Ti 0903 2243 2Te 0921 1038 
30d 0712 2216 10d 0731 1020 30r 0817 1921 1Te 0904 0052 1Ti 0921 1535 
1Te 0712 2248 20d 0731 1946 10d 0818 0301 3Ti 0904 1459 1Te 0921 1746 
30r 0713 0034 1Ti 0801 0741 20d 0818 1406 3Te 0904 1727 10d 0922 1243 
10d 0713 1745 1Te 0801 0951 20r 0818 1631 10d 0904 1949 30d 0922 1314 
20d 0714 0140 10d 0802 0447 1Ti 0819 0023 20d 0905 0837 30r 0922 1548 
1Ti 0714 1505 2Ti 0802 1355 1Te 0819 0233 20r 0905 1103 20d 0923 0318 
1Te 0714 1715 2Te 0802 1618 10d 0819 2130 1Ti 0905 1712 1Ti 0923 1005 
10d 0715 1212 1Ti 0803 0209 2Ti 0820 0816 1Te 0905 1922 1Te 0923 1215 
2Ti 0715 1950 1Te 0803 0419 2Te 0820 1040 10d 0906 1418 10d 0924 0713 
2Te 0715 2211 30d 0803 0912 1Ti 0820 1852 2Ti 0907 0249 2Ti 0924 2134 
1Ti 0716 0932 30r 0803 1136 1Te 0820 2102 2Te 0907 0514 2Te 0925 0000 
1Te 0716 1142 10d 0803 2315 3Ti 0821 0656 1Ti 0907 1141 1Ti 0925 0434 
3Ti 0716 1208 20d 0804 0901 3Te 0821 0923 1Te 0907 1351 1Te 0925 0645 
3Te 0716 1425 20r 0804 1126 10d 0821 1558 30d 0908 0455 10d 0926 0142 
10d 0717 0639 1Ti 0804 2037 20d 0822 0323 30r 0908 0726 3Ti 0926 0327 
20d 0717 1453 1Te 0804 2247 20r 0822 0549 10d 0908 0848 3Te 0926 0559 
1Ti 0718 0400 10d 0805 1743 1Ti 0822 1321 20d 0908 2156 20d 0926 1639 
1Te 0718 0610 2Ti 0806 0310 1Te 0822 1530 20r 0909 0022 1Ti 0926 2304 
10d 0719 0107 2Te 0806 0533 10d 0823 1027 1Ti 0909 0610 1Te 0927 0114 
2Ti 0719 0902 1Ti 0806 1505 2Ti 0823 2133 1Te 0909 0820 10d 0927 2012 
2Te 0719 1124 1Te 0806 1715 2Te 0823 2357 10d 0910 0317 2Ti 0928 1056 

12 observers ( 1000 to 4000 km); however, the general mean (2400 ± 1000 km, s.d.) is 
not far from the currently ~c?e~ted value (2700 km) (BAA Handbook~. p. 102); 
one must remember that the D1V1s1on's apparent size at the ansae is only a fraction 
of 1". 

. Ring & was seen at the ansae divided into rings B1 and B2. The first was the 
br1ghtest part of the planetary image together with the EZn. Observers saw B2 as a 
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Predicted Galilean Satellite Transits and Occultations: 
September 28 - December 31, 1983 

2Te 0928 1322 1Te 1016 1242 30d 1104 1514 1Te 1122 1716 2Te 1212 0710 
1Ti 0928 1734 10d 1017 0742 30r 1104 1754 10d 1123 1219 10d 1212 2354 
1Te 0928 1944 3Ti 1017 1620 20d 1104 1948 2Ti 1124 0929 1Ti 1213 2108 
10d 0929 1442 3Te 1017 1855 1Ti 1104 2202 1Ti 1124 0935 20d 1213 2312 
30d 0929 1729 20d 1018 0052 1Te 1105 0013 1Te 1124 1146 1Te 1213 2320 
30r 0929 2004 1Ti 1018 0502 10d 1105 1914 2Te 1124 1158 3Ti 1214 0350 
20d 0930 0601 1Te 1018 0712 2Ti 1106 1421 10d 1125 0649 3Te 1214 0634 
1Ti 0930 1203 10d 1019 0212 1Ti 1106 1632 1Ti 1126 0405 10r 1214 2038 
1Te 0920 1414 2Ti 1019 1916 2Te 1106 1650 20d 1126 0411 1Ti 1215 1538 
10d 1001 0912 2Te 1019 2144 1Te 1106 1844 30d 1126 0436 1Te 1215 1750 
2Ti 1002 0019 1Ti 1019 2332 10d 1107 1345 1Te 1126 0617 2Ti 1215 1805 
2Te 1002 0246 1Te 1020 0142 3Ti 1108 0532 10d 1127 0120 2Te 1215 2035 
1Ti 1002 0633 10d 1020 2042 3Te 1108 0811 1Ti 1127 2235 10r 1216 1508 
1Te 1002 0843 30d 1021 0627 20d 1108 0912 2Ti 1127 2255 1Ti 1217 1008 
10d 1003 0342 30r 1021 0904 1Ti 1108 1102 1Te 1128 0047 1Te 1217 1221 
3Ti 1003 0742 20d 1021 1415 1Te 1108 1314 2Te 1128 0125 20r 1217 1506 
3Te 1003 1016 1Ti 1021 1802 10d 1109 0815 10d 1128 1950 30r 1217 2047 
20d 1003 1922 1Te 1021 2012 2Ti 1110 0346 1Ti 1129 1706 10r 1218 0939 
1Ti 1004 0103 10d 1022 1512 1Ti 1110 0533 20d 1129 1735 1Ti 1219 0439 
1Te 1004 0313 2Ti 1023 0841 2Te 1110 0615 3Ti 1129 1852 1Te 1219 0651 
10d 1004 2212 2Te 1023 1109 1Te 1110 0744 1Te 1129 1917 2Ti 1219 0731 
2Ti 1005 1342 1Ti 1023 1232 10d 1111 0246 3Te 1129 2134 2Te 1219 1002 
2Te 1005 1608 1Te 1023 1442 30d 1111 1940 10d 1120 1421 10r 1220 0410 
1Ti 1005 1932 10d 1024 0942 20d 1111 2235 1Ti 1201 1136 1Ti 1220 2309 
1Te 1005 2143 3Ti 1024 2043 1Ti 1112 0003 2Ti 1201 1221 1Te 1221 0121 
10d 1006 1641 3Te 1024 2319 1Te 1112 0214 1Te 1201 1348 20r 1221 0430 
30d 1006 2146 20d 1025 0338 10d 1112 2116 2Te 1201 1451 3Ti 1221 0818 
30r 1007 0022 1Ti 1025 0702 2Ti 1113 1712 10d 1202 0851 3Te 1221 1104 
20d 1007 0844 1Te 1025 0912 1Ti 1113 1833 1Ti 1203 0606 10r 1221 2240 
1Ti 1007 1402 10d 1026 0412 2Te 1113 1941 20d 1203 0700 1Ti 1222 1739 
1Te 1007 1613 2Ti 1026 2206 1Te 1113 2045 1Te 1203 0818 1Te 1222 1952 
10d 1008 1111 2Te 1027 0034 10d 1114 1546 30d 1203 0905 2Ti 1222 2057 
2Ti 1009 0305 1Ti 1027 0132 3Ti 1115 0958 10d 1204 0322 2Te 1222 2328 
2Te 1009 0532 1Te 1027 0343 20d 1115 1159 1Ti 1205 0036 10r 1223 1710 
1Ti 1009 0832 10d 1027 2243 3Te 1115 1237 2Ti 1205 0147 1Ti 1224 1209 
1Te 1009 1043 30d 1028 1050 1Ti 1115 1303 1Te 1205 0248 1Te 1224 1422 
10d 1010 0541 30r 1028 1328 1Te 1115 1515 2Te 1205 0417 20r 1224 1755 
3Ti 1010 1200 20d 1028 1701 10d 1116 1017 10d 1205 2152 30r 1225 0117 
3Te 1010 1434 1Ti 1028 2002 2Ti 1117 0637 1Ti 1206 1907 10r 1225 1141 
20d 1010 2207 1Te 1028 2213 1Ti 1117 0734 20d 1206 2024 1Ti 1226 o64o 
1Ti 1011 0302 10d 1029 1713 2Te 1117 0906 1Te 1206 2119 1Te 1226 0852 
1Te 1011 0512 2Ti 1030 1131 1Te 1117 0945 3Ti 1206 2320 2Ti 1226 1023 
10d 1012 0011 2Te 1030 1359 10d 1118 0447 3Te 1207 0203 2Te 1226 1254 
2Ti 1012 1628 1Ti 1030 1432 30d 1119 0008 10d 1207 1623 10r 1227 0611 
2Te 1012 1856 1Te 1030 1643 20d 1119 0123 1Ti 1208 1337 1Ti 1228 0110 
1Ti 1012 2132 10d 10 1 114 1Ti 1119 0204 2Ti 1208 1513 1Te 1228 0322 
1Te 1012 2342 3Ti 1101 0106 1Te 1119 0416 1Te 1208 1549 20r 1228 0719 
10d 1013 1841 3Te 1101 0344 10d 1119 2318 2Te 1208 1743 3Ti 1228 1247 
30d 1014 0206 20d 1101 0624 2Ti 1120 2003 10d 1209 1053 3Te 1228 1533 
30r 1014 0442 1Ti 1101 0902 1Ti 1120 2034 1Ti 1210 0807 10r 1229 0042 
20d 1014 1129 1Te 1101 1113 2Te 1120 2233 20d 1210 0948 1Ti 1229 1940 
1Ti 1014 1602 10d 1102 0614 1Te 1120 2246 1Te 1210 1019 1Te 1229 2153 
1Te 1014 1812 2Ti 1103 0056 10d 1121 1748 30d 1210 1334 2Ti 1229 2348 
10d 1015 1312 2Te 1103 0324 3Ti 1122 1424 10d 1211 0524 2Te 1230 0219 
2Ti 1016 0553 1Ti 1103 0332 20d 1122 1447 1Ti 1212 0238 10r 1230 1912 
2Te 1016 0820 1Te 1103 0543 1Ti 1122 1504 2Ti 1212 0439 1Ti 1231 1410 
1Ti 1016 1032 10d 1104 0044 3Te 1122 1705 1Te 1212 0450 1Te 1231 1623 

20r 1221 2044 

duller component occupying about 1/4 of the entire ring (with some disagreement 
about this value). Ring B1 was of a yellow-white color, while B2 was found usually 
more greyish. 

Ring k was seen in both ansae by four observers; Adamoli's and Macario's 
drawings yield its width as 55% ± 6% (s.d.) of the space between the inner edge of 
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Table 1. - Contributing Observers 

Observer Location Instrument(s) 

G. Adamoli Verona, Italy 108 mm refr. - 200 mm refl. 
P. Amoroso Milan, Italy 200 mm refl. 
M. Arpino Milan, Italy 155 mm refl. 
s. Baroni Milan, ltaly 200 mm refl. 
M. Bondanza Milan, Italy 114 mm refl. 

N. Galliena Milan, Italy 155 mm refl. 
G. Gamba to Spinea (Venice), Italy 310 mm refl. 
s. Gargano Corsica (Milan), Italy 200 mm refl. 
M. Giuntoli Pieve a N. (Pistoia), Italy 114 mm refl. 
A. w. Heath Long Eaton, Nottingham, England 300 mm refl. 

G. Maca rio Cava dei T. (Salerno), Italy 101 mm refr. - 200 mm refl. 
A. Morbidelli Milan, Italy 114 mm refl. 
E. Palumbo Salerno, ltaly 114 mm refl. 
A. Sala Milan, Italy 114 mm refl. 

Table III. - Saturnicentric Latitudes 

Mean No. Mean No. 
Feature Latitude Measures Feature Latitude Measures 

SPR, N. edge -51~2 19 NEBn, S. edge +23n 41 
SE.Bs, S. edge -27.4 8 NEBn, N. edge +27.4 63 
SEBs, N. edge -23.5 8 NTB, center +48.0 2 
NEBs, S. edge +16.7 63 NPR, S. edge +61.6 20 
NEBs, N. edge +20.5 41 

Table IV. - Color Estimates 
Feature Color Feature Color 

Ring B1 yellow-white SEB Int. z yellow 
Ring B2 yellow-grey EZ yellow-white 
Ring C across globe grey NEg brown 
Shadow rings on globe brown? NEB Int. 2. yellowish? 
SP.k grey NTrZ yellow-grey 
STrZ yellow NPR yellow-grey 
SEBs brownish? 
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Ring b and the globe, while Gambato apparently recorded only the outer and brighter 
part of the C ring. 

The ring system seen projected on the globe was a difficult feature to some 
observers, and so it appears that its brightness was not much different from that 
of the disk. As is shown by the intensity estimates, Ring B was much duller across 
the globe than at the ansae, while Ring A proved about equal throughout its 
circumference. There was no single opinion about color (yellow-grey or brownish). 
Ring ~ across the Globe was seen with difficulty. Eight observers reported it on 
drawings, 33 of which were measured yielding its mean width at the CM, expressed as 
a percentage of the polar diameter, as 3.4 :t 0.8% (s.d.), as compared to a value, 
which can be derivea from the previously discussed estimates of the Ring C width at 
the ansae, of 2.7 :t 0.3% (s.d.). The two values are in fair agreement. 

The Ring &hadow was distinctly seen only after opposition as a black line 
south of the rings crossing the globe; measurement on 49 drawings by 12 observers 
gives its mean width at the CM as 2.4 :t 0.4% (s.d.) of the polar diameter. A 
brownish tint was occasionally found by three observers, and it did not look so 
dark as the globe shadow. Gargano on June 3 in fair seeing saw it darker on its 
following end, and suspected indentations on its south border. 

The Globe Shadow appeared very black whenever seeing and instrument were 
adequate. Figure 4, which is constructed from 49 drawing measures of its width, 
shows its usual shrinking in size near opposition, and the error bars (s.d.) give 
an idea of the accuracy one can expect in measures of this kind. This shadow had 
to most observers a diverging profile, or a concave outline toward the near ansa. 
On June 14 Morbidelli noted that the regions of the rings adjacent to the shadow 
appeared darker than elsewhere - an effect opposite to the Terby White Spot 
(Alexander, p. 225). 

The Globe - The rings and their shadow occulted a region on the globe between 
the equator and a latitude of about 15°-20"S. Farther S, many observers were able 
to see both a belt and the polar region. The South Polar Region seemed darker than 
in 19b1. There was no clear indication of color, though Gargano saw at times a 
greenish tint. Between the SPR and the ring shadow, four observers saw a belt 
which, having a latitude of about 25°S, may correspond to the (South Equatorial 
Belt, south) Shbs (while the ~' if present, was hidden by the rings). Zones S 
and ~ of it (respectively, the South Tropical Zone and the South Equatorial Belt 
lntermediate L.one) were yellow and of normal intensity. 

~orth of the rings, the (Equatorial Zone, north) ~ was bright, of a yellow
white tone. Gambato and heath, using larger instruments, recorded some activity in 
May. Gambato saw this zone on May 11, 1982 crossed by two faint streaks, and on 
the 15th he could glimpse three streaks on the threshold of vision. On May 29 
Heath saw a faint white spot just beyond the CM. 

The ~orth Equatorial Belt too proved a very interesting feature. The darkest 
belt on the globe, it was usually found of a brown tint, and was seen double by 
most observers, the two components being separated by a very narrow Intermediate 
L.one of a yellow color. This belt appears to have gradually moved N in recent 
years (Heath, 1981; Adamoli, 1982). Gambato and Heath recorded some dark spots on 
its S edge, probably associated with the dark streaks seen in the EZn. Gambato saw 
a spot on May 14, while glimpsing other indistinct mottlings along tne belt. He 
timed another spot on the CM on June 1. Heath, for his part, on April 15 felt that 
the S edge of the NEB showed a ragged appearance, while on May 25 he saw a faint 
dark feature just past the CM at 22h 15m, U.T. A probable identification of this 
feature with the May 14 spot and with the faint streak in the EZ~ on May 11, both 
observed by Gambato, yields a rotation period of about 10h13m15~· (i"15s). 

North of the ~Eb, despite the favorable tilt of the planet's axis, no other 
belt was seen, if exception is made of two observations in May of a faint northerly 
~orth Temperate Belt. The ~TrZ and the ~PR resembled their south analogues in 
intensity, having also a similar yellow-grey tone, with low contrast throughout the 
region. The ~PR was less extended than the SPR, confirming the 1981 results 
(Adamoli, 1962). 

Acknowledgement. Thanks are expressed to all the observers, whose work has 
made this report possible. A special note is deserved for the valuable contribu
tion, both as regards quantity and quality, of our overseas correspondent, Mr. A. 
w. heath from England. 
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JUPITER 11'< 1981-82: ROTATIO~ PERIOD.S 

By: Phillip W. Budine, A.L.P.O. Jupiter Recorder 

The highlights of the 1981-82 apparition were: the continuing observation of 
the remnants of the South Tropical Zone Disturbance and the gradual darkening of 
the Red Spot and the prominence of the Red Spot Hollow area. 

Some data pertinent to the apparition follow: 
Date of Opposition: April 26, 1982. 
Solar Declination of Jupiter: -3~01. 
Equatorial Diameter: 44'!45. 
Zenocentric Diclination of Earth: -3~29. 
Stellar Magnitude of Jupiter: -2.0. 

This report is based on 1189 visual central meridian transit observations 
submitted by 16 observers of the A.L.P.O. When plotted on graph paper, 781 
transits form usable drifts for 48 Jovian spots distributed in 7 different 
atmospheric currents. The contributing observers are listed below by name and 
number of transits (t) submitted along with the station of observation and 
telescope(s) employed: 

Bagger, ~laus. Birkerod, Denmark. 8.3 em Refr., 20 em. Refl. 259t. 
Benninghaven, Claus. Burlington, IA. 20cm Refl. 69t. 
Budine, Phillip W. Walton, ~. Y. 10cm Refr., 8.8cm Cat. 225t. 
Daniels, Mark. Wichita, Kansas. 20cm Refl. Sketches. 
Lerner, Eric. Cranford, ~. J. 15cm Refl. 25t. 

Maksymowicz, M. Chapet, France. 20cm Refl. Sketches. 
McNamara, Geoff. Allawah, Australia. 16cm Cat., 20cm Refl. 103t. 
Olivarez, Jose. Wichita, Kansas. 20cm & 25cm Refls. 25t. 
Osawa, T. F'ukuoka, Japan. 20cm & 32cm Refls. 93t. 
Parker, Dr. Donald c. Coral Gables, Fl. 32cm Refl. Photos. 

Pedersen, Steen. Hinnerup, Denmark. 20cm Refl. 16t. 
Robotham, Rob. Springfield, Ontario, Canada. 8.3cm Refr., 15cm & 20cm Refls. 

22bt. 
Sherrod, Clay. N. Little Rock, Ark. 31.3cm Refl. Descriptive Report. 
Tatum, Randy. Richmond, Va. 1 Ocm Refr., 15cm & 25cm Refls. 40t. 
Troiani, Daniel M. ~hicago, 11. 25cm & 35.3cm Refls. 103t. 
Vandermark, Benjamin P. Walton, N.Y. 6.4cm Refr. 3t. 

The distribution of transit observations by months is as follows: 

1981' November 2 1982, March 81 1982, July 121 
December 4 April 128 August 28 

1982, January 15 !-'lay 455 September 1 
February 23 June 262 

ln the tables which follow the first column gives an identifying number or 
letter to each object; the second column indicates whether the object was dark (D) 
or bright (W) ana whether the preceding end (p), center (c), or following end (f) 
was being observed. The third column gives the first and last date of observa
tions; the fourth column, the longitudes on those dates. The fifth column gives 
the longitude at opposition, April 26, 1982, whenever the feature existed at that 
time. The sixth column gives the number of observed transits. The seventh column 
indicates the number of degrees in longitude that the marking drifted in 30 days, 
negative when the longitude decreased with time. The eighth column indicates the 
standard deviation of this drift. The ninth column shows the corresponding rota
tion perioa in hours, minutes, and seconds. 

South Temperate Current .ui,_ edge STB. STeZ), System II 

.!iQ_,_ ('!~ark Limiting Dates Limiting h h Transits Drift ±sD Period 

b Wp Dec.27-Aug. 4 230°- 123° 172° 19 -14n 0~8 9 55 21 
1 we Dec.27-Aug. 4 236 - 129 178 28 -14.7 0.5 9 55 21 
~ Wf Dec.27-Aug. 4 241 - 134 183 14 -14.7 0.8 9 55 21 
D hp Jan. 4-Aug.10 32b - 229 279 17 -13.6 0.9 9 55 22 

(text continued on page 21) 
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Figure 5. Drift chart, longitude vs. date, of important features on Jupiter in 
System n during the 1981-l:i2 apparition. Observations by members of the A.L.P.O. 
Jupiter Section. Prepared and contributed by Phillip w. budine. See also text of 
his report on page 17 ~~- Here Q and f refer to the terminal ends of the 
~uth 1ropical ~one Disturbance. 

Figure 6. Photograph of Jupiter by Dr. 
Donald C. Parker on January 2, 1982 at 10h 
36m, U.T. 32-cm. reflector. Film TP2415. 
Exposure 3 seconds at F I 110. Seeing 8 
(scale of 0 to 10 with 10 best). Trans
parency 5 (limiting visual stellar magni
tude). CM(I) = 312. CM(Il) = 42°. The Red 
Spot area is near the center of the disc. 
South at top. 
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Figure 7. Drawing of the Red Spot area and its vicinity by Daniel M. Troiani on 
May 18, 1982. 36-cm. refl., 410X. Seeing 8, transparency 5. The labels on the 
vertical lines are observed longitudes. All sketches in this report are simply 
inverted views with south(S) at the top. 
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Figure 8. Drawing of the Red Spot area and its vicinity by Rob Robotham on July 
10, 1982. 15-cm. refl., 135X. Seeing 5-8, transparency 3-5. 
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Figure 9. Drawing of the Red Spot area and its vicinity by Daniel M. Troiani on 
June 11, 1982. 25-cm. refl., 283X and 374X. Seeing 5, transparency 5. 

F'igure 10. Drawing of the Red Spot area and its vicinity by Jose Olivarez at 1h 
5oiD, U.T. on August 20, 1982. 20-cm. refl., 152X. Seeing 3-2, transparency 3. 
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(text continued from page 17) 

South Temperate Current lli edge STB, STeZ), System 11 (Cont'd.) 

.!'&,__ Mark Limiting Dates Limiting h h Transits Drift ±sD Period 

2 we Jan. 4-Aug.10 334°- 235" 285° 26 -13~6 0~5 9:55:22 
E wf Jan. 4-Aug.10 339 - 240 290 15 -13.6 0.9 9:55:22 
F wp Jan. 2-Jul.12 115 - 355 54 15 -18.8 0.7 9:55:15 
3 we Jan. 2-Jul. 12 120 - 0 59 16 -18.8 0.8 9:55:15 
A wf Jan. 2-Jul. 12 125 - 5 64 6 -18.8 0.3 9:55:15 
4 We ~lay 25-Jul. 5 122 - 86 8 -30.0 0.2 9:55:00 

Mean Rotation Period: 9:55:19 
(without No. 4). 

The three long-enduring white ovals of the STeZ Current continued to be 
observed by A.L.P.O. Jupiter Section observers. Their order of conspicuousness was 
the same as in the 1980-81 apparition, namely: DE, BC, and FA. Their lengths in 
longitudinal degrees were as follows: BC=11°, DE:11°, and FA=10°. The preceding 
end of oval F'A reached the center of the Red Spot (conjunction) on April 27, 1982; 
ana the center of FA was in conjunction with the Red Spot on May 14, 1982 at 50° 
(11). 

Great Red Spot (STrZ), System II 

1-'Jark Limiting Dates Limiting h h Transits Drift ±sD Period 

RSp Dec. 21-Jul.17 43"- 44° 44" 43 +0~15 0~01 9:55:41 
RSc Dec . 21-Jul. 17 51 - 52 52 64 +0. 15 0.02 9:55:41 
h::>f Dec. 21-Jul. 17 59 - 60 60 54 +0. 15 0.03 9:55:41 

Mean Rotation Period: 9:55:41 

'lhe Red Spot had a mean longitudinal length early in the apparition of 20°. 
by mid-apparition the mean length was 22°. ~ear the end of the apparition the mean 
length was again 20°. During the early part of the apparition the Red Spot was 
prominent in the southern portion of the Red Spot Hollow, but after mid-apparition 
it was even darker and had increased its latitudinal breadth. However, the Red 
Spot Hollow aspect predominated for the northern areas. 

South Tropical Zone Disturbance. (STrZ), System ll 

l~o. ~lark Limiting Dates Limiting h h Transits Drift ±sD Period 

Dp Jan. 2-May 9 130°- 119° 120° 13 -2~6 0~2 9:55:37 
2 De Mar. 21-Jul. 21 287 - 272 277 17 -3.7 0.2 9:55:36 
3 Df 1-'Jar. 6-Jul.21 310 - 294 301 24 -3.5 0. 1 9:55:36 

Mean Rotation Period: 9:55:36 

The South Tropical Zone Disturbance which first developed in the 1978-79 
apparition was observed in 1980-81 and in 1981-82 was still observed, but not as a 
prominent developed feature. however, the preceding and following ends were still 
recorded by A.L.P.O. observers as rather prominent features (remnants of the 
Disturbance) and were seen until the latter part of the apparition. No. 1 in the 
table above is the preceding end of the STrZ Disturbance, and No. 3 is the 
following end. No. 2 is a darker section preceding the following end of the 
Disturbance. 

South edge .SE.B8 , STrzn, System li 

.!'&,__ fvJark Limiting Dates Limiting h h Transits Drift ±sD Period 

1 Df ~Jar. 6-Jul. 10 40°- 41° 40° 16 +0~2 0~1 9:55:42 
2 Df Apr. 24-tvJay 1b 47 - 45 47 7 -2.5 0.3 9:55:37 

Mean Rotation Period: 9:55:40 

No. 1 is the dark preceding shoulder of the SEbs where it forms the bay for 
the Red Spot Hollow. lt was marked by a very dark following section of the SE.Bs 
locateo in the bay border north of the Red Spot. 
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Figure 11. Drawing of the Red Spot area and its vicinity by Rob Robotham on June 
23, 1982. 20-cm. Cassegrain, 160X and 200X. Seeing 4-8. Transparency 5. Note 
South Temperate Zone oval FA. 
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South Equatorial Belt Current, lli edge ~' SEB lli System II 

~ Mark Limiting Dates Limiting h h Transits Drift ±sD Period 

De Apr . 15-May Hl 107°- 91° 102° 10 -14~6 0.6 9:55:21 
2 De Jun.19-Jul.10 84 - 77 7 -10.0 0.1 9:55:27 
3 we Jun . 19-Jul. 17 119 -100 20 -19.0 0.1 9:55:15 

Mean Rotation Period: 9:55:21 

Nos. 1 and 2 are dark spots on the south edge of the SEBn and had a suitable 
drift to be included in this current. No. 3 was the most prom1nent feature of this 
current, being a bright white oval in the SEB Z. It was watched carefully for any 
development into a Disturbance, but none was observed. 

North Equatorial Current. lli edge NEB, ~ System l 

No. Mark Limiting Dates Limiting h h Transits Drift ±sD Period 

1 De Mar . 16-Jul. 8 14°- go 10° 29 -1~3 0~1 9:50:28 
2 we May 12-Jun. 1 31 - 32 6 +1.4 0.1 9:50:32 
3 De Apr.17-Jul.15 51 - 48 51 12 -1.0 0.8 9:50:29 
4 De Mar.24-Jun.27 90 - 61 76 11 -9.1 0.8 9:50:18 
5 De Apr.24-Jun.28 101 - 76 101 12 -11.4 0.6 9:50:15 

6 De Mar. 7-Jun. HJ 114 - 105 110 23 -2.6 0.1 9:50:26 
7 we tvJar. 5-Jun. 9 127 - 116 125 16 -3.4 0.2 9:50:25 
b De May 29-Jun . 18 125 - 115 7 -14.3 0.4 9:50:11 
9 De Apr. 15-Jul. 2 155 - 128 152 9 -10.4 0.8 9:50:16 

10 wp Apr . 2-May 29 162 - 148 158 7 -7.4 0.9 9:50:20 

11 we Apr. 2-May 29 170 - 155 165 8 -7.9 0.1 9:50:19 
12 Wf Apr. 2-May 29 179 - 160 171 6 -10.0 0.4 9:50:17 
13 De May 22-Jul. 9 171 - 162 8 -5.6 0.8 9:50:23 
14 We Mar.24-Jun.19 203 - 204 203 9 +0.3 0.1 9:50:30 
15 Wf Mar.24-Jun.19 209 - 209 209 7 0.0 0.0 9:50:30 

16 De Apr.15-Jun.18 207 - 226 210 19 +9.0 0.4 9:50:42 
17 De Mar. 24-Jul. 9 226 - 201 219 19 -6.9 0.3 9:50:21 
1b We May 9-Jun.17 242 - 230 6 -9.2 0.5 9:50:18 
19 wf May 9-Jun. 19 247 - 234 7 -9.3 0.7 9:50:17 
20 De May 4-Aug. 4 252 - 240 22 -3.9 0.1 9:50:25 

21 we tvay 16-Jun.29 259 - 257 7 -1.3 0. 1 9:50:28 
22 De May 11-Jul.31 265 - 265 15 0.0 0.0 9:50:30 
23 De May 18-Jul. 30 297 - 290 13 -2.9 0.2 9:50:26 
24 De Jan. 2-Jul.10 330 - 323 325 33 -1.1 0.3 9:50:29 
25 we May 13-Aug.14 346 - 341 13 -1.6 0.1 9:50:28 

Mean Rotation Period: 
(Nos. 1-3, 6-7, 13-15, 20-25): 9:50:28 
(Nos. 4-5, 8-12, 18-19): 9:50:17 
(No. 16): 9:50:42 

No. 16 was moving in the slow current of the North Equatorial Current. 

North Tropical Current ..ill.,_ edge NEB, NTrZ), System II 

~ ~lark Limiting Dates L;i,witing h h Transits Drift ±sD Period 

De Mar. 7-May 30 36° - 17° 25° 18 -6~8 0~3 9:55:31 

The feature in the table above was a dark condensation located on the north 
edge of the North Equatorial Belt and moving in the North Tropical Current A. 

BOOK REVIEWS 

The .Sun, Our Star, by Robert W. Noyes. Harvard University Press, Cambridge, 
Massachusetts 02138. 263 pages. 1982. Price $20.00. 

Reviewed by Jose Olivarez 

Published in December, 1982, The Sun. Our Star is the most up-to-date book 
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available on the Sun. It is also a clear, non-technical account of the intense 
magnetic fields and energies underlying the observed solar morphology. 

At the beginning of Chapter Two, titled "Studying the F'ace of the Sun," Dr. 
Robert Noyes sets the primary goal for his book: "To find out how astronomers seek 
answers and to learn some answers for ourselves" - an approach that proves very 
rewarding to the reader. What follows is a fantastic account on the structure of 
the solar photosphere and on how powerful magnetic fields are chiefly responsible 
for the sunspots, prominences, corona, and flares. Indeed, according to Dr. Noyes, 
the observed solar morphology is entirely due to the chaotic motion of the Sun's 
Convection Zone which produces the observed granulation and the magnetic fields 
whose strengths and loopings in turn create the sunspots, suspend prominences in 
the corona, and serve as the storage reservoirs for flares. The details on how 
astronomers have come to know these things are clearly related in the seven 
chapters that follow. These chapters (Chapters 3 through 9) make fascinating 
reading and will reward the reader with useful new insights about the face of the 
Sun. 

A new book on the Sun, however, would be incomplete without an up-to-date look 
at the Sun's other important characteristics. In Chapter Three, the riddle of the 
Sun's fuel supply and the workings of the solar furnace are discussed; and Chapter 
Four presents the current view of sunspots and their rhythms. Here we learn that 
sunspot umbrae are really holes or cavities in the photosphere and that the Maunder 
Ninimum was a real, though perhaps strange, event when the sunspots were missing 
form the face of the Sun between the years 1645 and 1715. 

ln Chapter 9, Dr. Noyes discusses the enormous voids in the corona - the so
called coronal holes - which are known to be the source of the solar wind. Like 
sunspots, coronal holes are temporary structures where the energy which normally 
heats the corona goes instead towards accelerating the corona outward to become the 
solar wind. 

Finally, Dr. Noyes traces the evolution of the Sun from its birth nearly 5 
billion years ago from a cloud of dust and gas to its present state and, 
eventually, to a red giant stage when it will fill our sky and boil away the 
oceans. Then, with the Sun dying as a black dwarf star several billion years from 
now, Dr. Noyes concludes the story of the Sun, our star. 

The Sun. Our Star is an excellent and thorough book expressly written for the 
layman who wants to understand the Sun and should be useful and engaging reading to 
all A.L.P.O. members who have expressed an interest in the Solar Section. 

* * * * * 
The Milky Way: The Structure and Development of Our Star System, by Ludwig 

Kuhn. John Wiley and Sons, lnc., N.Y. 10158. 151 pages. Price $31.95. 

Reviewed by Winifred Sawtell Cameron 

This relatively short book about our galaxy, the Milky Way, is presented in an 
interesting, different, and non-mathematical way. It is divided into 11 chapters, 
starting with a view of our system as seen by the naked eye. It is a brief 
description of constellations, old catalogs, and brightness scales. There are a 
number of photographs; but these are of the system as seen in telescopes, not with 
the naked eye. The second chapter reviews the various hypotheses offered in the 
past as to the system's structure and origin. The third chapter discusses light 
and electromagnetic waves, ways of studying them, and determining distance. Next, 
nebular star systems and energy production are addressed. This section is followed 
by one about the various kinds of stars that make up the galaxy. Then, star and 
galactic motions and ways of detecting these and the Sun's place in the Milky Way 
are treated. The final discussion is of more modern concepts of galaxy formation 
and ends with astronomy and its role in determining more about our Earth and our 
place in the universe. 

As the book was written in English by a German, there were a number of 
misspellings and misleading terms used, such as the word atmosphere where I think 
vicinity was meant, and the word stars when galaxies or clouds (Magellanic) was 
meant. 

Some errors 1 found are: 

p. 16 - ln discussing the discovery of the planet Uranus he describes it as 
the 6th largest when it is really the third, but is the 6th planet (not counting 
the Earth) from the Sun. 
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p. 24 

p. 26 
p. 35 
p. 57 
p. 65 
p. 70 
p. 144 

Attheend of Paragraph 2 he used the word preference whenithink 
reference was intended. 
Frequency is misspelled. 
The diagram has slight line where I think sight line is meant. 
Every for~· 
The globular cluster in Hercules (M13) is misidentified as M3. 
Hal for halo. 
1able 4 - the 20 brightest stars, Archemar should be Achernar. 

The book is generally educative and useful to the beginner in astronomy, 
although I think the price is high for the value. 

* * * * * 
Satellites of Jupiter, edited by David Morrison. The University of Arizona 

Press, Tucson, Arizona 85719. 1982. 974 pages. Price: $49.50, hardcover. 

Reviewed by Phillip W. Budine, A.L.P.O. Jupiter Recorder 

This book is the in-depth technical "bible" on the satellites of Jupiter. It 
is a voluminous piece of work with 47 collaborating authors and is the result of 
lAU Colloquium No. 57, "The Satellites of Jupiter," held in Hawaii on May 13-16, 
1980, which was sponsored by the Institute for Astronomy of the University of 
Hawaii. This masterpiece also includes an in-depth analysis of the Voyager data on 
the Jovian satellites. More than half of the book is devoted to volcanic activity 
recorded on Io, and the observations are described in the preface as "the most 
significant discovery" of the space missions. 

The Satellites of Jupiter will be particularly useful for research workers in 
the planetary sciences, including astronomy, space physics, and geology. The book 
contains 165 line drawings, 180 photographs including eight color plates, and an 
appendix of cartography and nomenclature for the Galilean satellites. 

The 24 chapters comprise: "Introduction to the Satellites of Jupiter," "The 
Rings of Jupiter," "Orbital Evolution of the Galilean Satellites," "Structure and 
Thermal Evolution of the Galilean Satellites," "The Outer Satellites of Jupiter," 
"Amalthea," "Composition of the Surfaces of the Galilean Satellites," "Radar 
Properties of Europe, Ganymede, and Callisto," "Interpreting the Cratering Record: 
Mercury to Ganymede and Callisto," "Cratering Time Scales for the Galilean 
Satellites," "Experimental Simulation of Impact Cratering on Icy Satellites," 
"Craters and Basins on Ganymede and Callisto: Morphological Indicators of Crustal 
Evolution," "The Geology of Ganymede," "The Geology of Europa," "The Geology of 
lo," "Volcanic Eruption Plumes on Io," "Volcanic Eruptions on Io: Implications for 
Surface Evolution and Mass Loss," "Dynamics and Thermodynamics of Volcanic 
Eruptions: Implications for the Plumes on Io," "Hot Spots of Io," "Io's Surface: 
lts Phase Composition and Influence on Io's Atmosphere and Jupiter's 
Magnetosphere," "The Atmospheres of Io and Other Satellites," "Emissions From 
Neutrals and Ions in the Jovian Magnetosphere," "In Situ Observations of Io Torus 
Plasma," and "Origin and Evolution of the Jupiter Satellite System." There is also 
a glossary in the back of the book. 

This book is a must for the planetary scientist. However, the general layman 
will get a limited benefit from this book; but the beginner should not really 
consider it until he has developed a keener awareness of math, physics, geology, 
and astronomy. The book is well written, but it is quite technical with many "dry" 
sections and formulae scattered throughout the various chapters. The book is 
primarily geared to the research scientist. The qualified reader should have this 
fine book on his bookshelf; I highly recommend it. It will be the classic on this 
subject and currently is the only in-depth book on the subject: the Satellites Q( 
Jupiter. 

NEW BOOKS RECEIVED 

weather Forecasting for Astronomy, by Michael Baird. Winmark Press, Box 148, 
Stratford, CT 06497. 1982. 107 pages. Paperbound. Price $12.95, postpaid in the 
U. S. Notes by Dr. James Q. Gant, Jr. 

This book is well printed with excellent illustrations and diagrams. It is a 
must for amateurs as well as professional astronomers who need to brush up on 
weather and its effects on astronomical seeing. The book is divided into three 
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sections, and each is well done. The price is reasonable for these days of 
inflation. lt is my opinion that, after careful reading, the astronomer will gain 
a greater knowledge of weather in general and astronomical seeing in particular. 

* * * * * 
Daytime Star. The Story of Our Sun, by Simon Mitton. 

597 5th Avenue, New York, N.Y. 1001'(. Papercover. 1983. 
J. hussell Smith. 

Charles Scribner's Sons, 
Price $6.95. Notes by 

The original hardbound edition of this book appeared in 1981. It was reviewed 
in Volume 29, Nos. 3-4 of The Journal of the A.L.P.O. The chapters are The Ancient 
Sun, Our Nearest Star, Probes for our Nearest Star, The Architecture of the Sun, 
The Alchemist's Crucible, The Puzzle of Solar Neutrinos, Lifespan of Our Sun, 
Surface and Atmosphere, Activity and the Solar Cycle, Into Space, Sun and Earth, 
and Our Sun-Our Future. 

There is a bibliography and a sui table index. 

* * * * * 

Our Planets at £Glance, Stock Number 033-000-00859-7. Superintendent of 
Documents, U. S. Government Printing Office, Washington, D. C. 20402. 16 pages. 
Paperbouna. Price $2.75. Notes by J. Russell Smith. 

Page 2 contains a chart entitled NASA Planetary Exploration. Topics recorded 
are: Interplanetary Spacecraft, Comparing the Planets, Mercury, Venus, Earth, Moon, 
Mars, Jupiter, Galilean Satellites, Saturn, Uranus and Neptune, Pluto, and Beyond. 
The booklet is illustrated with black and white photographs. 

when you see the booklet, I believe you will agree that it deserves a place on 
your desk or book shelf. 

* * * * * 

Voyager Flights to Jupiter and Saturn, Stock Number 033-000-00854-6. 
Superintendent of Documents, U. S. Government Printing Office, Washington, D. C. 
20402. 60 pages. Paperbound. Price $5.50. Notes by J. Russell Smith. 

This publication has a large format, 9 1/211 x 12"; and it might be thought of 
as a picture story since it has one or more colored photographs on nearly every 
page. These photographs are excellent and were ~ade by Voyager. 

In 1985 Voyager will be in the vicinity of Uranus and will make close-up 
observations of that planet. Observations of Neptune will be made in 1989. 

If you are interested in the planets, you should have this book. 

* * * * * 

Space Telescope, by Joseph J. McRoberts. Superintendent of Documents, U. S. 
Government Printing Office, Washington, ~C. 2040~ 1982. 64 pages. Well 
illustrated and softbound. Stock Number 033-000-0062. Price $5.50. Notes by J. 
Russell Smith. 

This is a well illustrated booklet of 8 1/2 by 11 inches; and if you are 
interested in this topic, you will want this booklet because it is authored by a 
well qualified writer. After an Introduction, one finds the following topics: 
Space Telescope Background, The Spacecraft, Space Instruments, Putting It .lJ..p_.._ 
Making lt Work, The Space Telescope Institute, Astronomy Enters the Space ~. Some 
Things Space Telescope Will ~ and Space Telescope Responsibilities. 

THE 1979-1980 APPARITION OF SATURN AND EDGEWISE PRESENTATION 
OF THE RING SYSTEM (Concluded) 

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

(Note .Qy Editor. The first part of Dr. Benton's Saturn Report appeared in 
Journal ALPO, Vol. 29, Nos. 11-12, pp. 236-248. Readers will find there a 
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discussion of the geometry of the 1979-bO edgewise presentations of the rings to 
the Earth and the Sun, the nomeclature of the belts and zones, a list of 
contributing observers, and a number of selected drawings and photographs.] 

The Rings of Saturn 

A voluminous amount of background information has appeared in this Journal and 
elsewhere prior to and during the 1979-80 Saturn apparition, adequately dealing 
with the specific theoretical events anticipated as Saturn slowly moved from an 
approximate helicentric longitude of 16b 0 40' to 178°4')' (the period from 1979, 
October 22 through 19b0, August 12). The planet was under scrutiny by astronomers 
all over the world, but we should not forget the 5Pr2,t~~~r6results of the Pioneer 
ana Voyager flybys also taking place in 1979-&0. ' ' ' ' 1 

Earlier in this report, pertinent phenomena concerning the three passages of 
the Earth through Saturn's ring plane during 1979-&0 were discussed. Readers 
interested, however, in a very thorough treatment of the prerequisite geometric 
conditions for edgewise presentation of the rings to our line of sight are 
encouraged to consult the appropriate literature cited1 ~n the bibliography 
following this report and at the end of the Saturn Handbook. 

The following analytical treatment of observations or attempted observations 
of the rings of Saturn throughout 1979-80 has been arranged in such a way as to 
present the submitted data as clearly and as concisely as possible, all in an 
effort to improve one's understanding of the collective material. 

Visibility of Saturn's Rings. Due to the small angles of inclination of 
~aturn's ring plane to our line of sight during the 1979-80 period, observers 
could see neither the northern nor the southern face of the rings to any advantage 
in order to facilitate consistent studies of the various ring components as in 
previous apparitions. The greatest significance of observations in 1979-80 rather 
ha<l to oo with whether or not the ring system could be seen with various apertures 
at different times throughout the apparition. 

lt has been mentioned elsewhere that the ring system should have been 
theoretically visible up to 1979, October 27 (the first passage of the Earth 
through the ring plane), after 19&0, March 3 to just before 1980, March 12 (the 
date of the second passage of the Earth through the plane of the rings), and afteg 
19b0, July 23 (the final edgewise orientation of the rings to our line of sight). 
More importantly, the periods during which the ring system of Saturn was 
tneoretically invisible, regardless of the aperture of the telescope employed, were 
frolJ11979, October 27 to 1960, March 3 and from 1980, March 12 through 1980, July 
23. 

A complete report on the visibility of the ring system with respect to date 
and aperture of the telescope used is presented chronologically in graphical form 
in Figure 14, covering the period from 1979, October 22 through 1980, August 12. 
In this tme frame, 261 observations were amassed (one of the observations in the 
total represents the photograph of Saturn taken by Voyager I). 

Initial examination of the graph in Figure 14 shows that apertures used to 
study Saturn's rings ranged from 7.6 ems. (3.0 ins.) to 154.0 ems. (61 ins.); and 
as noted earlier in this report, 93.5% of the observations were made with 
instruments of 15.2 ems. (6.0 ins.) aperture and larger (excluding the Voyager I 
photograph). The remaining 6.5% belonged to apertures under 15.2 ems. (6.0 ins.). 
The graph also shows the dates when the rings were edgewise to the Earth and the 
Sun, the time of opposition, the total observations by date and by aperture, and an 
explanation of the appropriate symbolism utilized. 

Specific results derived from the data in Figure 14 are perhaps worth 
discussing in some detail. Particularly, for the first two passages of the Earth 
through Saturn's ring plane, the rings were visible to within a day before actual 
e~gewise orientation; and for the final ring passage in July, one observation was 
submitted on the exact date of the event. 

1he success of observers in attempting to see the rings of Saturn during given 
periods throughout 1979-80 might be best presented in tabular form. First, with 
reference to periods in Figure 14 when the rings should have been theoretically 
visible to observers, the following table should be examined: 

(text continued on page 30) 
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Figure 14A. 1he observed visibility of Saturn's rings from October 22, 1979 to 
harch 20, 1960 with different apertures. All directions are in the IAU sense, not 
directions in the sky. See also text of Julius Benton's report on pg. 26 et ~· 
and on pages 236-248 of Journal ALPO, Vol. 29, Nos. 11-12. This diagram prepared 
for publication by John B. westfall. 
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F'igure 14B. The observed visibility of Saturn's rings from March 21, 1980 to 
August 12, 1980 with different apertures. The totals refer to all observations 
submitted during the 1979-80 apparition by ALPO Saturn Section members. All 
directions are in the IAU sense, not directions in the sky. See also text of 
Julius Benton's report on page 26 et ~· and on pages 236-248 of Journal ALPO, 
Vol. 29, Nos. 11-12. This diagram prepared for publication by John E. Westfall. 
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Periods of No. of Ob- No. of At- Positive At- Negative At-
Theoretical serving tempted Ob- tempted Obser- tempted Ob-
Ring Visi- Dates by servations vations by servations 
bility Period by Period AQerture by AQerture 

1979, Oct. 22 
through 1979, 3 4 4 (25. 4 ems.) 
Oct. 26 

1980, Mar. 4 3 (20.3 ems.) 
through 1980, 7 14 7 (25.4 ems.) 1 (24.0 ems.) 
Mar. 11 3 (30.5 ems.) 

Following 
1980, Jul. 23 11 12 9 (25.4 ems.) 3 (15.2cms.) 

Totals: 21 30 3 (20.3 ems.) 3 (15.2 ems.) 
Observing Attempted 20 (25.4 ems.) 1 (24.0 ems.) 
Dates Observa- 3 ( 30. 5 ems. ) or 

tions or 
26 Positive 4 Negative 

(86.67%) (13.33%) 

The information presented above refers to attempted observations exclusively, 
as well as to only those apertures used to pursue such endeavors. Observations, 
therefore, with smaller or larger apertures were nonexistent in the data sample for 
the periods discussed. Looking back to Figure 14, the reader will note a few dates 
on which one observer saw the rings with one aperture, while another individual 
using the same or a different aperture could not see the rings at all. Generally 
the visibility of the rings, according to our data, was favored by larger apertures 
for the periods tabulated above. The reader will also note in Figure 14 several 
dates on which positive results were obtained by different individuals using the 
same or different apertures. Comparatively speaking, out of the total attempted 
observations for the three periods tabulated above, 86.67% were positive sightings 
of the rings, while 13.33% represented negative, unsuccessful sightings of the 
rings. 

More importantly, it is of interest to examine the periods in Figure 14 when 
the rings of Saturn were theoretically invisible to observers on Earth regardless 
of' the aperture employed: 

Periods of' No. of Ob- No. of' At- Positive At- Negative At-
Theoretical serving tempted Ob- tempts to see tempts to 
lnvisibility Dates by servations Rings by see Rings by 
of' the Rings Period by Period AQerture AQerture 

2 (15.2 ems.) 2 (10.2 ems.) 
3 (20.3 ems.) 1 (10.5 ems.) 

1979, Oct. 27 1 (21.7 ems.) 8 (15.2 ems.) 
through 1980, 43 54 3 (24.0 ems.) 5 (20.3 ems.) 
Mar. 3 12 (25.4 ems.) 14 (25.4 ems.) 

1 ( 30. 5 ems . ) 2 ( 30. 5 ems. ) 

2 (7.5 ems.) 
8 (8.3 ems.) 

2 (8.3 ems.) 1 (10.5 ems.) 
6 (15.2 ems.) 1 (11.0 ems.) 
1 (20.3 ems.) 15 (15.2 ems.) 

19Cl0, Mar. 12 7 (24.0 ems.) 3 (20.3 ems.) 
through 1980, 101 176 61 (25.4 ems.) 3 (24.0 ems.) 
July 23 13 (30.5 ems.) 19 (25.4 ems.) 

9 (35.6 ems.) 12 (30.5 ems.) 
2 ( 154. 0 ems. ) 5 (61.0 ems.) 

1 (123.0 ems.) 
5 (154.0 ems.) 
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Periods of 
Theoretical 
Invisibility 
of the .kings 

Totals: 

No. of Ob
serving 
rates by 
Period 

144 
Observing 
rates 

(Continued) 

No. of At
tempted Ob
servations 
by Period 

230 
Attempted 
Observations 
( 1 Voyager 
photo) 

Positive At
tempts to see 
Rings by 
Aperture 

2 (8.3 ems.) 
8 (15.2 ems.) 
4 (20.3 ems.) 
1 (21. 7 ems.) 

10 (24.0 ems.) 
73 (25.4 ems.) 
14 ( 30. 5 ems . ) 
9 (35.6 ems.) 
2 ( 154.0 ems.) 

or 
123 Positive 

(53.48%) 

Negative At
tempts to 
see Rings by 
Aperture 

2 (7.5 ems.) 
8 (8.3 ems.) 
2 (10.2 ems.) 
2 (10.5 ems.) 
1 (11.0 ems.) 

23 ( 15. 2 ems. ) 
8 (20.3 ems.) 
3 (24.0 ems.) 

33 (25.4 ems.) 
14 (30.5 ems.) 
5 (61.0 ems.) 
1 (123.0cms.) 
5 (154.0 ems.) 

or 
107 Negative 

(46.52%) 

As before, we are limiting our consideration in the table above to submitted 
observations using the specific instruments employed in their execution. Despite 
the fact that the rings of Saturn should not have been theoretically visible during 
the periods indicated above, observers recorded the rings simultaneously at both 
ansae fairly frequently during the time frames cited. In an analysis of the 
attempts to see ~turn's rings with various instruments, success was usually better 
with larger apertures. Out of the 230 attempted observations, 53.48% were positive 
and 46.52~ were negative in terms of overall visibility of the ring system. Look
ing at Figure 14, the reader will note many instances on a given date when ob
servers with various apertures confirmed each other's impressions, while there 
exist also times when conflicting reports as to the visibility of the rings emerg
ed. Interestingly, a few cases exist in Figure 14 where observations carried out 
with larger instruments were negative, while the ring system was perceived by 
individuals using smaller apertures. 

It should be pointed out that several factors other than aperture, many of 
which are exceedingly difficult or impossible to correct for, affected the data in 
Hgure 14. !''or instance, seeing undoubtedly was variable from place to place, as 
well as was the atmospheric transparency. The altitude of Saturn above the horizon 
at the time of observation additionally probably played a significant role in the 
overall detectability of the rings, as did moonlight, artificial illumination, etc. 
One could cite differences among individuals in terms of experience at the tele
scope, psychophysical peculiarities of the eye, visual acuity, contrast sensitivi
ty, etc., as well as variable degrees of optical excellence inherent in the tele
scopes used. Mention must be made also of systematic errors which are always 
apparent in such a mass of observations. These factors have been mentioned in an 
effort to come up with a list of things which must be considered in making inter
pretations, evaluations, and conclusions about the data submitted. We shall, as in 
the past, attempt to alleviate as much subjectivity as go~ible in order to yield 
reliable results where variable phenomena are concerned. • 

Specific Detail in the Rings of Saturn. As mentioned throughout this report, 
the exceedingly small values of & during 1979-80 rgndered studies of the individual 
ring components very difficult or impossible. Even so, at times when the 
illuminated side of the rings opened up a degree or so to our line of sight, a few 
people remarked that .king B was the brightest of the ring components, followed by 
Ring A and Ring C in overall order of intensity. No observations of Cassini's 
Division (AO or B10) were obtained. Many individuals noted also on the illuminated 
side of the rings some nonuniformities in brightness as one progressed outward 
linearly from Saturn's globe in the ring plane. The ring ansae were sometimes 
described as being of unequal length on the two sides of the globe or as exhibiting 
discontinuities along their otherwise symmetrical extent. The Crape Band (Ring C 
in front of the globe) was not usually conspicuous, and observers often confused it 
with the shadow of the rings on the globe. 
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The face of the rings which was unilluminated frequently displayed a variety 
of nonuniformities in overall brightness and extent at both ansae. Bright conden
sations or spots on several occasions were reported in the ring plane (features 
which could not readily be attributed to satellite positions). Such condensations 
and their location were probably due to the fact that, when observed from the 
unilluminated side, the ring system frequently shows reversals in brightness or 
intensity; that is, the components or other details that are normally bright appear 
dark, while those that are ordinarily the darkest regions show up as the lightest 
ones. One should expect such an interpretation if the intensity of the ring at 
various positions is related to particle density when illuminated from the opposite 
side. Such areas seen in 1979-60 were quite varied in number, intensity, and 
conspicuousness; also, they were more prominent in larger instruments, when the 
seeing and transparency were better than average, and were easier to detect during 
the last two ring passages (note that the first ring passage of the Earth took 
place on 1979, October 27, which followed conjunction of Saturn with the Sun fairly 
closely). 

bicolored Aspect of the Rings. Reports of brightness differences between the 
east and west ansae of Saturn when compared in red and blue filters (and in inte
grated light) were lacking during 1979-60, although a few observers noticed that 
there were some obvious differences in the extent and visibility of the ansae, as 
noted previously. 

Saturn's Satellites 

The rings of Saturn were essentially absent during most of 1979-80, making 
observational opportunities for the satellites very good; also, because of the 
diminution of glare from the rings in 1979-80, many observers were able to record 
satellites which were usually invisible in a given aperture in other apparitions. 
In order to enhance satellite visibility, some individuals used occulting bars in 
eyepieces. Observers reported regularly throughout the apparition Titan, Tethys, 
Rhea, Dione, and lapetus, while Enceladus was noticed less often, and ~limas was 
only occasionally seen. 

Magnitude estimates of the satellites of Saturn, made much easier in 1979-80 
due to the absence of asymmetrical glare from the ring system, were carried out by 
only a very few observers. westfall was the only individual to pursue a systematic 
program of visual and photoelectric magnitude measurements, and readers are 
re~ erred to th9 0r9~ucV,of4 of his work in a published report which has appeared in 
thls Journal.9, • ' 1 ' 

lransi ts, shadow transits, eclipses, and occultations of the satellites of 
Saturn were Pf<e~~c~~d 3n this Journal and elsewhere prior to and during the 1979-80 
apparition.9, 0, • '1 Unfortunately, only one or two observers followed up on 
these important and very worthwhile endeavors. westfall again pursued satellite 
phenomena religiously throughout various periods during 1979-80, and his results 
have f~en published in this Journal and need not be described in detail again 
here. 

Conclusion 

Despite very few observations submitted on the satellites of Saturn, observers 
dia follow the planet and its unusual ring phenomena of 1979-80 r·ather well for 
most of the apparition. Regular observers of Saturn are to be commended for their 
continued and systematic efforts, ana new individuals who joined us in 1979-80 are 
encouraged to continue their support and meaningful work in subsequent periods. 
The writer would like to enlist more individuals in the programs of the A.L.P.O. 
Saturn Section. All interested participants are encouraged to write to the Section 
to obtain available observational and educational materialf~ which are now becoming 
more comprehensive. For instance, the Saturn Handbook , already a meaningful 
guiae to visual observations of Saturn, is being revised, expanded, and published 
in a different format to use at the telescope. New forms are being provided also, 
which depict the correct inclination of the rings as in the past, but with room for 
aata to be recorded without undue use of additional paper. Simultaneous observing 
programs, highly encouraged for their valuable productivity, are being emphasized 
more and ~ore as we try to improve the worth of the efforts of the diligent visual 
observer. 

Finally, it has come to the attention of the writer that many individual have 
observations of Saturn (and other planets) quietly tucked away in a desk drawer and 
have never submitted any of the data to appropriate observing Sections throughout 
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the A.L.P.O. For those individuals it is worthwhile to encourage the submission of 
these data, regardless of how dated or useless they may appear. No observation is 
of value to science unless it is recorded and submitted to appropriate places where 
the information can be used singly or collectively with the results of other 
observers. Also, various astronomical organizations throughout the United States 
and abroad have observing sections devoted to work on Saturn and other planets. 
Because of the potential usefulness of any accumulated data, groups which maintain 
files of reports should consider sending these to appropriate A.L.P.O. Sections as 
well. ln the end, our efforts are awaiting the additional cooperation and systema
tic pursuits of others; and individuals or groups sincerely interested in useful 
planetary observations, particularly on Saturn, are heartily invited to embark upon 
many intriguing experiences with us. 
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A STATISTICAL COMPARISON BETWEEN THE ORBITAL INCLINATIONS OF 
APOLLO--AMOR-TYPE ASTEROIDS AND SHORT-PERIOD COMETS 

P~ter Hederv~ri, Georgiana Observatory, Center for Cosmic and Terrestrial Physics, 
H. 1023 Budapest, II. Arp~d fejedelem utja 40----41, Hungary 

The Apollo-type Minor Planets are characterized by perihelion distances 
varying from 0.19 A.U. (1566 Icarus) to 0.94 A.U. (PL-6344), while the perihelion 
distances of the Amor-type asteroids are between 1.02 (1978 DA) and 1.30 A.U. (the 
latter is an arbitrary, but generally accepted, limiting value). The collective 
name of these Minor Planets between 0.19 and 1.30 A.U. is Apollo--Amor objects. 
The ecliptical inclination of their orbits varies from 1° (2101 Adonis and 1947 XC, 
respectively) to 68° (1973 NA). Their aphelion distance is between 1.14 A.U. (2062 
Aten) and 4.21 (PL-6344). Their diameter ranges from 0.2 kms. (1976 UA) to 8 kms. 
(1978 SB), approximately. 

The distribution of the oribital inclination angles appears to be perfectly 
random in the sense that angles between 1° and 68° can occur equally often, and the 
values are distributed unequally. A pronounced maximum is present, however, be
t ween 1 ° and 10 °; and a roughly exponential decrease is experienced towards the 
larger inclination values. 
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Analyzing the inclination-data of a total of 113 short-period comets, we find 
a surprisingly similar distribution, suggesting that the members of the Apollo-
Amor group may be extinct cometary nuclei, that is, the nonvolatile residues of 
formerly active nuclei of comets, which have now been completely outgassed during 
their numerous perihelion passages, as was first proposed by E. J. Opik. 

In a recently published paper, Wetherill 1 has tabulated some data on altoge
ther 31 Apollo--Amor-type objects, including the orbital inclinations. Making a 
graph for the distribution of the inclination angles (Fig. 15), we can recognize 
that: (a) the distribution is perfectly random, but (b) a distinct maximum is to be 
found between 0° and 25°, where there are 24 objects in all. As regards the finer 
distribution, the following data are found: 

Between 1° and 10°: 10 cases are known; 
between 1JO and 20°: 8; 
between 21° and 30°: 7; 
between 3JO and 40°: 2; 
between 41° and 50°: 1. 

' between 51° and 60°: 1 ; and finally 
between 61° and 70°: 2 cases are to be found. 

The decrease is roughly exponential. Generally speaking, it can be stated that the 
orbits having a small inclination angle relative to the ecliptic are in the great 
majority compared to those orbits which have large angles. Fig. 16 displays the 
distribution of angles according to 10°-wide intervals. 

The present author has investigated, furthermore, the distribution of the 
inclin~ion angles of 113 short-period comets, employing the data published by 
Marsden. Among these 113 comets there are altogether 72 which have made more than 
one appearance; the rest have been observed at only one appearance. The results 
are as follows: 

There were 91 comets altogether where the angle was between 0° and 25°. Hence 
the ratios are the following: 

Total number of cases 

0° -- 25° interval 

over 25° 

ratio 

Apollo--Amor asteroids 

31 

24 

7 

24 : 7 = 3.43 

Short-period comets 

113 

91 

22 

91 : 22 = 4.14 

lt can be seen that the agreement is conspicuously good. Let us now look at 
the finer distribution for the comets: 

Interval. degrees 
1 10 
11 20 
21 30 
31 40 
41 50 
51 60 
61 70 
71 80 
81 90 

Number of cases 
51 
36 
10 
5 
3 
1 
1 
1 
1 

Interval. degrees 
91 100 

101 110 
111 120 
121 130 
131 140 
141 150 
151 160 
161 170 
171 180 

Number of cases 
0 
0 
1 
0 
1 
0 
0 
2 
0 

As one can see, the distribution is again roughly exponential (Fig. 16); and 
the rule is that the majority of the cometary orbits are characterized by small 
inclination angles, exactly as.~ith the Apollo--Amor-type asteroids. 

It was suggested first by Opik, and was discussed recently by Wetherill1, that 
the members of the Apollo--Amor group may be extinct cometary nuclei, that is, the 
nonvolatile residues of the nuclei of formerly active comets, which have been 
totally outgassed by repeated passages of their perihelion. This supposition is 
proved by the dimensions of these asteroids, which are of the same order of magni
tude as for the cometary nuclei. The statistical investigation of the distribution 
of orbital inclinations leads to the same conclusion. Such a surprisingly good 
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Fig. 15 Histograms of the inclinations to the ecliptic of (A) 113 short-period 
comets,. and (B) 31 Apollo-Amor-Type Asteroids. Prepared and contributed by Dr. 
H~dervari. See also text of his article on pages 33 and 34. 
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Figure 16. Graphical representation of the inclination to the ecliptic over 10-
degree intervals of (A) 113 short~eriod comets, and (B) 31 Apollo-Amor-Type 
Asteroids. Prepared by Peter H6dervari; see also his text. 
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agreement in the distribution of the angles in question between the Apollo--Amor
objects and the short-period comets can't be the result of mere chance. On the 
contrary: the agreement is a proof of Opik's theory. 
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BURNING BRIDGES 

By: Richard Hill, Recorder, Assn. of Lunar & Planetary Observers-Solar Section, 
4632 E. 14th St., Tucson, AZ 85711 

Abstract 

Light-bridges are the bright intrusions into sunspots. Different types occur 
at different stages of sunspot evolution. Some massive types of light-bridges 
appear to signal significant changes in the sunspot, most notably the dissolution 
of the sunspot. ln this paper the general process of sunspot dissolution is 
reviewed with respect to the role light-bridges play in dissolution. Several 
recent examples (SESC Active Regions# 4138 and 4150) are described in detail. 
[~ESC is the Space Environment Services Center in Boulder.] 

Introduction 

As soon as a sunspot group forms, the process of sunspot dissolution can be 
observed. Often this dissolution appears to be initiated by the intrusion of a 
wide, massive light-bridge. Light-bridges are loosely defined as any bright 
material which divides a sunspot or any part of it into smaller parts. They vary 
greatly in brightness and width, with brightnesses greater than the photosphere to 
brightnesses less than the penumbrae being commonly observed. Younger sunspot 
groups, Zurich classes A and B, are not seen to have light-bridges since at these 
stages the groups consist only of pores and small umbral spots. In the later 
classes, Zurich classes C to G, and prior to full maturity of the sunspot affected, 
the light-bridges take the form of narrow streamers which subdivide the umbrae 
often leaving the penumbrae untouched. These light-bridges usually have short 
lifetimes ( 1 to 2 days) and are not the types seen as the precursors of dissolu
tion. After a sunspot has reached full maturity, the light-bridges will be wide 
and clearly granular. At this stage they often appear to be nothing more than the 
intrusion of photospheric material into the sunspot. Not all of these light
bridges signal the end of the sunspot. However, when the light-bridge is a signal, 
it will first divide the secondary, smaller, following sunspots in the group. Then 
the remaining fragments lose their penumbrae, shrink to pore size, and fade. The 
leading sunspot in a group is most often the last to go. It will be subdivided by 
light-bridges until it is roundish, with a symmetric, radial penumbra. Then it too 
will dissolve and fade over the course of a rotation or two, first losing its 
penumbra, then shrinking to pore size and fading (Mcintosh, 1981; Vazquez, 1973). 

Light-bridges were first studied by Fr. S. Chevalier (1916), who described 
them as being similar to faculae. Later researchers (Bray & Loughhead, 1964) have 
shown them to be composed of cells much like the photospheric granulation. 

The dissolution of a sunspot has been linked to the "re-establishment of 
normal photospheric conditions" (Vazquez, 1973). Indeed, it often appears that the 
sunspot, rather than dissolving or fading, is being swamped by the photosphere like 
the sinking hull of a ship. The granular structure observed in the different forms 
of light-bridges lends credence to this impression. 

Procedures 

The photographic observations presented herein were made using a 12.5-inch, 
f/6 Newtonian reflector stopped to 12.0 ins. (we suspect the primary of having some 
edge defects). Filtration was accomplished using 3 filters of aluminized mylar 
(Solar Skreen material by R. Tuthill lnc.) of different densities. In this way we 
could use different combinations for different modes of image projection. For 
these photographs (Figures 17 and 18) we used 5 mm. eyepiece projection and only 
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one layer of about N.D. 3. All exposures were 1 I 1000 of a second on Kodak's 2415 
Technical Pan Film using a Canon FTb camera body (35 mm. format). The film was 
processed in D-19 for 5 minutes at 20°C with agitation at 30-second intervals (see 
Eastman Kodak Pamphlet # P-255). Maximum resolutions realized were 1-2 arc 
seconds. This amount is the best that can be observed at our site since the 
observatory is in an urban environment. The telescope is housed in a roll-off roof 
observatory which has horizons for 5 hours on either side of the meridian along the 
ecliptic. 

Observations* 

SESC Active Region # 4150 (Figure 17) 

This region was first observed on 4-22-83 (April 22, 19b3) with a massive 
light-bridge already well involved in the main, leader sunspot. This light-bridge 
divided the sunspot into a large and a small spot, though they were not completely 
separated on this date. A small row of umbral spots linked the two main umbral 
regions, and the perimeter of the penumbra was unbroken. The largest umbra was 
further divided by three streamer light bridges running roughly east-west. A small 
umbral segment, separateo from the main mass of the largest umbra, situated to the 
west had a long umbral projection that reached to the west clear across the 
penumbra. The smaller spot had an umbra which was bisected by a streamer light
bridge as well. To the south of the large umbra, the penumbra had a projection 
that extended into the photosphere. 

By 4-23-83 the light-bridge had broken through the eastern side of the 
penumbra. Even so, there was a small island of penumbral material in the light
bridge to the east that had small thread-like projections that extended to the 
large umbra. The light-bridge itself was brighter than on the previous day; and 
the smaller spot was more detached, though not totally so. Some evidence of 
streamers crossing the two umbrae could be seen in the photographs, but they were 
not so bright as on 4-22. Two umbral spots had formed east of the main umbra with 
a small bay of the light-bridge material between the two. Counterclockwise from 
these, about 60°, twin umbral projections had formed that cut completely across the 
penumbra. Two streamers could be made out in the large umbra, one cutting north
south (on the east side) and the other east-west (to the south). The penumbral 
projection to the south on 4-22 had rotated counter-clockwise by 20° to 30° and had 
separated almost completely from the penumbra proper. The umbral projection had 
also rotated in the same direction from due west to the northwest. ~leanwhile, the 
sunspot count (SESC) had more than doubled from the previous day (8) to 20. The 
count at our observatory on 4-22 was 9 and was not taken on 4-23 due to mechanical 
failure of the heliostat. 

On 4-24 the light-bridge had separated more than 180° of the penumbra from the 
larger umbra, and had faded back to photospheric brightness. The smaller spot was 
only attached by a slender thread of penumbral material. To the south the light
bridge was crossed by many threads of penumbral material while the penumbral pro
jection to the southwest had merged with the main penumbra. The two spots to the 
east had coalesced to form one spot to the south of the main umbra, and the twin 
umbral projections that were to the south the day before had also coalesced into a 
small umbral spot west of the former one. East of the main umbra the little 
penumbral island was still connected to the main umbra by two thin streamers of 
penumbral material, but the streamers were not so distinct as on the day before. 
In the main umbra there were hints that light-bridge streamers were still involved, 
though they were not clearly displayed on the photograph. The number of spots was 
now beginning to decline from a high of 20 on the previous day to 18. Our count 
was 16. 

The next day, 4-25, saw the virtually complete severance of the southeast 
portion of the penumbra, and of the small spot to the northeast. Along with the 
penumbral portion went the involved umbral spots. The two spots which had been due 
south on the day before had now rotated in a clockwise direction some 60° aligning 
themselves with the long axis of the detached portion. The southwest penumbral 
projection was now a semicircular lump on the penumbra and had a small umbral spot 
developing in the center. The small island of penumbral material which was to the 
east had merged with the detached penumbra at the northern end and had developed 
several umbral spots. The small spot to the northeast was now fairly well 
separated, and its umbra was bisected by a thin light-bridge. In the main umbra, 

*Readers will realize that it is difficult to reproduce the finest details and 
shadings on photographs, which may make parts of Mr. Hill's discussion hard to 
verify on Figures 17 and 18. 
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SESC Region 4150 

f p 1983 

04 221605 UT 

04 231744 

04 241804 

04 251614 

04 261603 

04 27 1608 

Figure 17. Photographs by Richard Hill showing the dissolution of sunspots in SESC 
Region 4150, April 22 to April 27, 1983. See "Procedures" on pages 36 and 37 for a 
description of his instrument and related data. The series of photographs is 
discussed in detail on page 37 et ~· 

the southern and eastern sections were broken up by a number of the streamer type 
light-bridges. In fact, wherever the umbra bordered directly onto the photosphere, 
it was invaded by light bridges and was quite chaotic. SESC counted 17 spots on 
this day, and we agreed with that count. 
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SESC Regio~t~4138 

f p 
1983 

04 08 2210 UT 

04 09 1646 

04 10 1826 

Figure 18. Photo
graphs by Richard 
Hill showing the 
dissolution of 
sunspots in SESC 
Region 4138, April 
8 to 10, 1983. See 
"Procedures" on 
pages 36 and 37 
for a description 
of his instrument 
and related data. 
Mr. Hill discusses 
these three photo
graphs in his text 
on page 40. 

On 4-26 the detach.e<i portion began to dissolve, and the main spot began to 
take on a round shape. There were several umbral projections to the east and 
southeast that st~l1. bOrdered on the photosphere; but the penumbra was, for the 
most part, becomin~ mol:"e radially symmetric. All umbrae were decreasing in area 
with the dissoluti¢11: of the small eastern spot being the most dramatic example. 
The penumbral project::\.on to the southwest had detached and joined with material 
that had separated .on' the day before. No light-bridges could be seen in the main 
umbra. The spot .count remained at 17 according to the SESC, while our count 
dropped by one to 16. 

The last day of observation, 4-27, showed a group well on its way to becoming 
Zurich class H. The m~ spot was getting quite round and smaller with only very 
slight rotation in evidence. The formerly detached material had all but vanished. 
lt was reduced to a ~emi-circular archipelago of umbral spots encircling the 
southern half of the main spot. There were no traces of light-bridges in the umbra 
of the main spot; and the official SESC spot count was only 9, while we counted 10. 
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This series is a very good example of the dissolution of a leader sunspot by 
the action of light-bridges. The spot continued to become more round and crossed 
the limb on 0~-01-83. 

SESC Active Region # 4138 (Figure 18) 

This is another case where a light-bridge moved into a sunspot and surgically 
cut off part of it, making a round and more radially symmetric leader spot. This 
group had grown rapidly from 04-06-83, when it was a Zurich class B group, to 04-
08-83, when it was class D at the time we began our observations. (Due to other 
professional observing commitments, observations were made for only three days.) 
According to the SESC, this group went from class B (BXO in the Mcintosh system) to 
D (or DAO) in only 24 hours, from 04-06 to 04-07, while nearly doubling the number 
of its spots. 

At the time of our first observation, 04-08, the group consisted of a leader 
spot, a follower spot (with a rudimentary penumbra), and a string of small umbral 
spots and pores between them. The leader spot was already being invaded by a 
light-bridge in the north. This light-bridge was a rather dim one. There was an 
umbral projection which reached across the penumbra to the east and touched the 
photosphere. The bridge had completely cut off the penumbra on the northwest side 
of the spot and had left umbral material bordering the photsphere. Also, the 
photosphere adjacent to the leader spot was brighter than the photosphere more than 
6 to 8 arc seconds away from the penumbral perimeter. The follower spot was also 
bisected by a thin light-bridge. The SESC count on this date was 18, and ours was 
15 spots. 

By the next day, 04-09, dramatic changes had taken place. The light-bridge 
had isolated the umbra in the large spot that was above the projection, and it had 
cut off a portion of the penumbra as well. More penumbral material was forming 
where the penumbra had been cut off before. The umbral projection had reduced 
itself to less than half of its former length. The small umbral spots and pores 
that stretched between the leader and follower spots were coalescing about the 
follower, which had lost its penumbra. The following spot was bisected by a thin 
light-bridge as well. The sunspot count had reached a maximum of 23 according to 
SESC, though our count was 17. 

By 04-10 the leader spot had become quite round save for the northern tip. 
The portion which had been cut off was dissolving rapidly. The small spots and 
pores had coalesced with the following spot, which had again formed a rudimentary 
penumbra. Between the two main spots two smaller spots had formed. The photo
sphere was still somewhat brighter about the leader spot, which can be best seen to 
the west of the spot. The SESC count maintained the maximum of 23, while ours 
dropped by one to 16. 

Again it can be seen that the intrusion of the light-bridge caused the main 
sunspot to become more round and radially symmetrical. Meanwhile, the rest of the 
sunspot group, having reached its maximum development, began to break down. 

Conclusion 

While the appearance of a light-bridge in a sunspot may not necessarily signal 
the dissolution of that sunspot, it appears that the wide, massive light-bridges 
intruding on the sunspots at the time of maximum development of the sunspot group 
(i.e. Zurich classes D to F) usually indicate that dissolution is occurring or is 
about to occur. Of course, this is no hard and fast rule, only an observed general 
trend. There are many cases where light-bridges and dissoluton have completely 
reduced a sunspot group to just one or two umbral spots, only to have the group 
spring back into life and go on to form new leader and follower spots. The most 
recent example of this action that we observed was SESC 4157, which was on the disk 
from 04-24-83 to 05-06-83. There are, to be sure, other processes which occur 
during dissolution. Many of them are not observable in white light, and hence are 
of little interest to most amateur astronomers. So, for the white light observer 
these light-bridges are fairly good indicators for the beginning of the end of 
sunspots. 
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A PICTURE WORTH TEN THOUSAND WORDS 

We enjoy comparing this photograph of the crater 
Copernicus with lunar photographs published by the 
great mountaintop observatories, for this is the 
work of the 31/z" Questar and was taken at sea level. 
The offset printing process cannot reproduce the 
tiny detail within the crater or the scarred terrain 
surrounding it, plainly visible on the photographic 
print, just as the shortcomings of the enlarger lens 
cannot capture all that is available on the 35mm 
negative. Nevertheless the concentric ridges of the 
crater walls are clearly seen, as well as the rugged 
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range of the Carpathian mountains and the peaks 
within neighboring Eratosthenes. 

Questar, the world's finest, most versatile tele:.;cope, 
is described in our booklet in color, with photo
graphs by Questar owners. Send $2 to cover mailing 
costs on this continent. By air to So. America, $3J50; 
Europe and No. Africa, $4; elsewhere, $4.50. 

QUE STAR 
Box C, Dept. J, New Hope, Pa. 18938 (2lil) 862-;i277 



ANNOUNCEMENTS 

A.~.P. Packet Debunking Astrology. The Astronomical Society of the Pacific is 
providing an information packet which debunks this popular superstition. Included 
are several articles explaining the dozens of careful scientific tests which have 
now shown that astrology simply does not work. The packet is intended to be useful 
to students, teachers, librarians, and the general public. There is an annotated 
bibliography for further reading and an interview with astronomer George Abell. 
Copies of the packet may be obtained by sending $2.00 (to cover costs) to: A.S.P., 
Astrology Packet Dept., 1290 24th Avenue, San Francisco, CA 94122. 

Predicted Comet Positions for 1984: A Handbook. Messrs. John Rogers, Scott 
Hanssen, and Charles Townsend have prepared and are distributing on an at-cost 
basis an unbound, 34-page handbook of comet position predictions for 1984. The 
handbook contains orbital elements, geocentric position predictions, estimated 
stellar magnitudes, and other data for 17 periodic comets. Many of these comets 
can be observed by amateur astronomers. The price of the handbook is $4.00 
postpaid within the continental United States and $5.00 postpaid elsewhere. Please 
order from Mr. Townsend at 3521 San Juan Ave., Oxnard, CA 93033. 

The authors intend the handbook as a service by amateur astronomers to amateur 
astronomers. They suggest that these comets will allow excellent advanced practice 
for participants in the International Halley Watch. They should also encourage 
amateur studies of comets: astronometry, photographic recovery, and stellar 
magnitude measurements. 

The printing of the handbook is excellent, with clear and bold type. 
Positions are supplied at either four- or eight-day intervals. A diagram to show 
the meaning of orbital elements, a list of New Moon dates in 1984, and important 
addresses useful to comet observers will all help the novice. Incidentally, the 
approaching Halley's Comet is predicted to be of magnitude 18.7 on November 4, 
1984. 

Minor Planets Bulletin Alive and Well. We are delighted to report that the 
expectea demise of the well-regarded MPB noted on page 220 of Vol. 29, Nos. 9-10 of 
this journal has been averted! The Minor Plantets Section has been reorganized as 
follows: "The Minor Planets Section is directed by its Recorder, Prof. Frederick 
Pilcher, Department of Physics, Illinois College, Jacksonville, IL 62650. The MPB 
is edited and composed by Richard P. Binzel, Department of Astronomy, University of 
Texas, Austin, TX 76712, and is distributed by Derald D. Nye, Route 7, Box 511, 
Tucson, AZ 85747. The subscription rate is $7.00 US a year (four issues) for 
surface mail and $9.00 US a year for overseas air mail. Subscription payments, 
address corrections, change of address notices, or other subscription business 
should be sent to Mr. Nye." (The Minor Planet Bulletin, Vol. 10, No. 1, Jan.
Narch, 1983, pg. 6). 

We commend Messrs. Pilcher, Binzel, and Nye for preserving the MPB. 
Interested readers are invited to subscribe, and those familiar with the economic 
realities of amateur astronomy today will recognize the need for financial support 
besides observations and other scientific contributions. 

Request for Exhibit Material at ~ A.L.P.O. Convention. As noted below, 
this years A.L.P.O. meeting will be held with the Astronomical League at Jackson
ville, FL on July 26-30, 1983. Or. Julius L. Benton, Jr., 1100-A Vincent Road, 
Warrington, PA 18976 writes as follows: "The A.L.P.O. Exhibit is an integral part 
of the Convention; and as the person in charge of setting up the display, I am 
seeking the cooperation of our staff and membership in submitting suitable material 
for the exhibition. Photographs, drawings, and qther useful items would be appre
ciated; and all due credit will be given to each contributor. Items should be 
mailed to me as soon as possible, or else display materials can be brought directly 
to the meeting. Following the close of the Convention, all materials will be 
returned to contributing individuals upon request. 

"Any questions or comments should be directed to Julius L. Benton, who will be 
pleased to offer advice, etc." 

Proceedings of Astrocon ~ Now Available. The Proceedings of Astrocon '81, 
the National Convention of the Astronomical League and the A.L.P.O. held at 
Kutztown, PA, are now available from Dr. C. R. Chambliss, Kutztown State College, 
Kutztown, PA 19530. The price is $8.00 postpaid. Checks should be made payable to 
the L.V.A.A.S. Edited by Gary A. Becker, this 174-page book in 8.5 x 10-inch 
format contains abstracts of all contributed papers, edited complete transcripts of 
the seven invited lectures, 30 pages of photographs, a complete list of conference 
participants, and summaries of the other Astrocon '81 activities. It is thought 
that this book should be of interest to all persons involved with amateur 
astronomy, and individuals planning a convention will find it especially useful 
since it details the numerous activities undertaken and includes a financial data 
sheet for the convention. 
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************************ 
METEORITE RINGS: Guaranteed heavenly, 
provocative, heirloom, each different. 
Setting: Canyon Diablo Siderite 

(Octahedrite) class. 
Mounting: Heavy silver. Limited source 

two meteorite collections. 
Man's ring pp. with insurance $55.00 
Lady's ring pp. with insurance $50.00 
State ring size - made to order 4 wks. 

*********************** 
Autographed copies of William Hoyt's 
Lowell and Mars & Planets X and Pluto, 

each $9.50 plus $2.00 postage. 
Limited Classics by E.C. Slipher 

Mars - The Photographic Story. 
~Brighter Planets - selected 

photos. 
Send SASE for price quotes and list. 

SOLAR SYSTEM STUFF 
223 W. Silver Spruce 
Flagstaff, AZ. 86001 

Error in J.A.L.P.O .• Vol. £9_,_ 
Nos . .9..::JQ. On page 210 of that issue 
we gave a reviewed book title as Ob
servations of the World. It should 
have been Observatories of the World. 

Yes. We Have An ISSN-. -The Na
tional Serials Data Program has as
signed to our journal an International 
Standard Serial Number (ISSN), namely 
0039-2502. The ISSN is a brief, 
unique, and unambiguous identification 
code. 

Replacing Missing Illustrations 
in Book Observing the Moon. Planets. 
and Comets. This book was reviewed by 
Dr. Donald Parker in J.A.L.P.O., Vol. 
29, Nos. 9-10, pp. 205-209. In regard 
to a number of illustrations missing 
in the published edition, Dr. Clark R. 
C'hapman, Planetary Science Institute, 
Suite 201, 2030 E. Speedway, Tucson, 

AZ 85719 wrote on December 18, 1982 in part as follows: "My chief purpose in 
writing is to point out that the material is not permanently lost. I have copies 
of almost all of the illustrations. ln particular, Figure 2 of the 'Theory ... ' 
chapter, whose absence is lamented by Dr. Parker, was published many years ago in 
an article about l'lercury in the J .A.L.P .0. I have the original figure plus 
expanded caption and will be happy to supply it to anyone who sends me a self
addressed, stamped envelope. 

"lf there are other figures (including photographs) missing from your copy of 
our book that you are eager to see, please list them also. I cannot promise to 
send more than the single figure, but within reason 1 shall try to be accommodating 
if the illustration is available. Please provide for identification the chapter 
name, figure number, and a brief description." 

Astronomical League-A.L.P.O. Convention at Jacksonville. The 37th Annual 
Convention of the Astronomical League will be held on July 26-30, 1983 at the 
Sheraton at St. John's Place, Jacksonville, Florida. The A.L.P.O. will partici
pate. The General Chariman is Mr. Mike D. Reynolds, 39 Sandra Drive, Jacksonville 
Beach, FL 32250. The host societies are the North East Florida Astronomical Socie
ty and the Ancient City Astronomy Club. The theme is "Communicating Astronomy in 
the 80's." The Program Chairman is Mr. Richard Sweetsir, 1147 Scotten Road, 
Jacksonville, FL 32205. 

The Sheraton at St. John's Place is one of Florida's top hotels. The rates 
for Convention attendees are $38 per room per night plus 7% tax for up to four 
persons in a room. The cost of registration for League or A.L.P.O. rr;embers is $12 
per individual or $14 per family. Checks should be made payable to "Convention 
'b3." Advance registration is requested; make arrangements with Mr. Dave 
Branchett, P.O. Box 546, St. Augustine, FL 32084. An Astrophoto Contest is part of 
this Convention; obtain information from Mr. Richard Day, P.O. Box 546, St. 
Augustine, FL 32084. Available tours include the Kennedy Space Center, Walt Disney 
World, and the newly-opened EPCOT Center. 

A whole day--Friday, July 29--features A.L.P.O. subjects. We appreciate this 
unique courtesy from the Convention planners. Dr. Alex Smith from the University 
of Florida will open the morning paper session, speaking on hypersensitization. 
After subsequent submitted A.L.P.O. papers, there will be a special A.L.P.O. 
Luncheon. Dr. Theodore R. Carr from the University of Florida will speak on the 
Voyager probes. After the Luncheon, Dr. Gerald Sharp, manager of Payloads at the 
Kennedy Space Center, will speak on the future cargo of the shuttle, and the large 
space telescope. Then there will be more A.L.P.O. papers. Further activities on 
July 29 are an A.L.P.O. Business Meeting, a possible Lunar and Planetary Workshop, 
and possible Section Reports. As you can see, plans are still developing on this 
date (June 7). 

An interesting and varied A.L.P.O. Exhibit has been a regular feature of our 
Conventions. Readers with suitable display material are asked to note Julius 
Benton's request on page 42. 

As of this date, June 8, we have a tentative total of 10 papers promised by 
our members. 1he subjects display a delightful variety. Jeff Beish will speak on 
"Computer Program for Martian Climatic Survey." Jose Olivarez will present "How to 
Maximize Your qualitative Observational Results During the Southerly Apparitions of 
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Figure 19. Photograp~ of Comet IRAS--Araki-Alcock (1983d) by William Diven of Las 
Cruces, N.Mex. near 4 30m, U.T. on May 12, 1983. Canon Pt. w 50-mm., f 1.4 lens. 
20 seconds exposure. Tri-X Film. Rated ASA 1200. Developed in ACU-1 Developer. 
The diagonal white line is an illuminated wire. 

~upiter, Saturn, and Mars." 
There are, of course, many features of this Convention not mentioned here. We 

hope to see you in Jacksonville! 

OBSERVATIONS AND COMMENTS 

~ I.R.A.S.--Araki-Alcock. Note Figure 19, a photograph of this recent 
Earth-brushing comet. On the same date John Westfall could perceive the comet's 
motion across the star background with his naked eye. 

Current Appearance Q[ Saturn. We invite attention to Mr. Mark Daniel's 
beautiful drawing of Saturn on the front cover. The observer found Ring A dusky 
yellow gray, with Encke's a diffuse line 3/5 of the w~y from the inner edge of A to 

__ ON ASTRONOMY 

BURNHAM'S CELESTIAL HANDBOOK, 3 volumes $28.85 
NEW:SKY ATLAS 2000, Field or Desk edition $15.95 

DeLuxe (colored) edition $34.95 
Atlas Catalogue, Vol. 1 $29.95 

NEW:THE SOLAR SYSTEM, ed. by Beatty et al. $24.95 
AMATEUR ASTRONOMER's HANDBOOK, by J.B. Sidgwick 

4th ed.,hard cover $24.95; soft-bd. 3rd ed. $ 6.95 
OBSERVATIONAL ASTRONOMY FOR THE AMATEUR, by 

J.B. Sidgwick, reprint of 3rd edition. 
NEW:THE PLANET JUPITER, by B.M. Peek, 

$ 4.50 

revised ed. by Patrick Moore. $24.95 
NEW:JUPlTER, by Garry Hunt & Patrick Moore. $14.95 
THE PLANET SATURN, by A.F.O'D.Alexander, reprint$ 8.00 
THE TELESCOPE, by L. Bell, reprint. $ 6.50 
THE HISTORY OF THE TELESCOPE, by H.C. King. $ 8.95 
OUT OF THE DARKNESS, the story of the discovery 

of PLUTO, by C.Tombaugh & P.Moore. 
THE NEW GUIDE TO THE PLANETS, by P. Moore. 
THE NEW GUIDE TO MARS, by P. Moore . 
NORTON'S STAR ATLAS - limited supply only -. 
ASTRONOMICAL ALMANAC FOR 1983. 

$14.95 
$11.95 
$11.95 
$18.95 
$16.00 

write for new enlarged list of astronomical literature 

HERBERT A. LliFT 
P.O.Box 91, Oakland Gardens, N.Y., 11364 
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the outer. The bril
liant white Ring B was 
brightest in its outer 
1/3. A light yellow 
Equatorial Zone was 
the brightest part of 
the globe. The North 
Equatorial Belt, gray
ish yellow in hue, was 
easily the most con
spicuous ball feature, 
with occasional glimp
ses of a darker south 
component. No other 
belts were certainly 
present in an excel
lent view. Ring C was 
quite noticeable, and 
in the best moments 
its inner edge was 
well defined and 
lightest at the ansae. 
Note the shadow of the 
rings above the pro
jected rings and the 
shadow of the globe on 
j ts right side. 
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north'' Do you like to use a planlsphere because 
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