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A BEGINNER'S GUIDE TO VISUAL OBSERVATIONS OF SATURN 

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

[Foreword Qy Editor. It is difficult to determine the proper technical level 
of writing for the readers of this journal. We receive occasional complaints that 
our articles are too advanced and also that they are too elementary. However, we 
think that we may in truth need to provide more material for our newer, less 
experienced members. The following article has been written by the Saturn Re
corder, Julius Benton, at the request of the Editor with this audience in mind. We 
hope that it will be helpful. 

Of course, novices are always encouraged to improve their skills by partici
pating in our Lunar and Planetary Training Program (see back inside cover).] 

lNTRODUCTION 

Secondary in size only to Jupiter, the planet Saturn lies at a mean distance 
from the Sun of some 9.5 A.U. (Astronomical Units). Considered solely as a globe, 
the planet is a somewhat smaller, dimmer, more quiescent replica of the giant 
Jupiter. With its symmetrical ring system, together with the brighter eight satel
lites accessible to amateur telescopes, Saturn emerges as an object of exquisite 
and unsurpassed beauty, holding a particular magnetism for the visual observer and 
photographer alfke. Aside from Saturn's purely aesthetic qualities, the planet 
exhibits numerous features requiring persistent and painstaking observation. 

At opposition, the globe of Saturn substends an angle of about 1T' (seconds of 
arc) in equatorial diameter, while the ring system's major axis spans nearly 42". 
Those experienced at observing Jupiter will note that Saturn dictates about twice 
the magnification required on the Giant Planet so that a disc of comparable size is 
produced. In addition, those with small instruments will frequently find Saturn 
relatively barren and changeless, seldom displaying the wealth of activity which is 
common on Jupiter. 

It is quite hazardous, at the outset, to establish an inflexible minimum with 
respect to aperture, particularly when it is recalled that extraordinary results 
have been achieved by experienced observers using exceedingly small instruments in 
the past. Almost any optical assistance will show clearly Saturn's ring system; 
and the major features on the disc of the planet can be revealed with a 3-inch 
(7.5-cm.) refractor, including perhaps a belt and zone near the equator of the 
planet and Cassini's Division in the ring system. A 4-inch (10-cm.) refractor or a 
6-inch (15-cm.) reflector will probably be found to be the smallest aperture suita
ble for detailed studies of the planet. Really meaningful work can be done with 
larger apertures, with a 10-inch (25-cm.) reflector or a 6-inch ( 15-cm.) refractor 
perhaps being the ideal size instrument for the more seasoned, advanced observer. 
Yet, even at these larger apertures, one will frequently find a challenge. 

In the end, the primary consideration is the quality of the instrument and the 
aspect of the observing program one is about to pursue. Perhaps the discussion in 
brief here will provide the novice embarking upon a Saturn observing program with 
at least a working knowledge of what must be mastered and what programs are mean
ingful. The more experienced individual will probably develop an appetite for more 
observational challenges, and he is directed to The Saturn Handbook for these 
endeavors. [The Saturn Handbook can be obtained from Dr. Benton at his address on 
the back inside cover.] 

PART I. THE GLOBE OF SATURN 

Like Jupiter, the planet Sa turn exhibits a series of dark belts and lighter 
zones which run parallel to the equator, and it will be noticed that the basic 
nomenclature assigned to the specific belts and zones of Jupiter is analogous for 
Saturnian features. Complete familiarization with the names of features and their 
subsequent abbreviations, which have been adopted to describe the belts and zones 
of Saturn, is essential at the outset of any serious research effort. For clarifi
cation of the terminology utilized for the global features of Saturn, it is advised 
that the reader refer to Figure 1. 

With regard to the globe of Saturn, the observing program is subdivided into 
the following rather distinct categories: 

A. Intensity Estimates (Visual Photometry). After one has observed the 
planet Saturn through a reasonable size of telescope over a fairly long period, it 
will immediately become evident that various belts and zones do not always look the 
same with respect to brightness and overall conspicuousness. We refer to the 
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relative "strength" of a belt or zone as its intensity, and a very important 
program for the planetary observer is to carry out systematic visual estimates of 
the relative numerical intensity of specific Saturnian features. A direct inten
sity scale, ranging from 0.0 (black shadow) to 10.0 (brilliant shining white), has 
been established, using the outer third of Bing B as the standard of basic refer
ence. This outermost portion of Ring B remains fairly stable in intensity, being 
assigned a constant value of 8.0 on our scale just mentioned.* All other features 
are given graded estimates using the numerical sequence. With patience and con
stant practice, one gains some expertise at this task; the results become very 
reliable with experience, as numerical averages have shown over the years. 

As one might note, intensity estimates may be attempted with any reasonable 
aperture; but the bigger the telescope, the more there will be to see. In many 
instances, a belt may be multiple with increased aperture; and it then becomes 
necessary to estimate each component of the belt separately using the scale. 

Before intensities are assigned, it is useful to mark down all belts and zones 
initially in order from the brightest to the darkest. Intensity values are then 
listed along side the features. 

B. Drawings (Cartography). The Saturn Section has prepared a series of 
blanks which permit the visual observer to make full-disc drawings of the planet 
Saturn at the telescope. Not only this, but the rings are already drawn in when 
the proper blank is utilized. Specific blanks permit the observer to select the 
proper ring inclination for the date in the apparition in question. Drawings must 
depict features as they appear in the telescope, and a certain degree of realism is 
to be stressed rather than artistic quality. Because the techniques for drawing 
Saturn are quite detailed, one is referred to The Saturn Handbook for an appro
priate treatment of this subject. The novice is strongly urged to enroll in the 
A.L.P.O. Training Program so that skill in drawing the planets in general may be 
gained (see listing of staff members on back inside cover). 

C. Central Meridian~ Transit Timings. Discrete detail is not often 
visible on Saturn; but when it does become obvious, it is most important that CM 
transits be attempted without fail. Projections or appendages from belts sometimes 
leading to extended festoons, or bright spots situated in the zones, comprise the 
most frequently recorded types of "disturbances" on Saturn. 

When CM transit timings are made, it is important that one pay particular 
attention to the time of observation; efforts to recover the same markings on 
successive nights are most important. The simplest procedure for timing CM tran
sits is to estimate to the nearest minute the time when the feature is considered 
exactly midway between the east and west limbs of the planet (on the CM). An even 
more accurate technique involves making a series of three estimates: ( 1) the last 
minute when the feature is definitely on the following (f) side of the CM; (2) the 
minute when the feature is precisely on the CM (centrally); and (3) the initial 
time when tne feature is definitely on the preceding (p) side of the CM. All 
reports of CI'J transits must include a description of the feature and a strip-sketch 
(isolated area drawing of the feature), the latitude position of the feature and 
the name of the belt or zone it is associated with, and the date and time of the 
transit in Universal Time (U1). ln Figure 1, the reader will see that Saturn is 
depicted as it appears in the eyepiece of a normal inverting telescope used in the 
Northern Hemisphere of the Earth. The direction of rotation, therefore, is toward 
the left: that is, features move across the planet's globe from right to left 
(west to east, using the lAU terminology). Preceding corresponds to the east, and 
following refers to the west, as shown in the figure. It is important for ob
servers not to get confused with field orientation in carrying out studies of 
Saturn. 

D. Latitude Measurements and Estimates. Depending on the sophistication of 
one's instrumentation, the latitudes of features on Saturn may be measured by one 
of three techniques: (1) measurement of features from sketches made at the 
eyepiece; (2) measurements on photographs of Saturn; and (3) measurements using a 
filar micrometer. 

lhe first method requires that the observer position features on drawings very 
accurately, with close attention being paid to latitude and longitude. 
Saturnicentric latitudes can subsequently be calculated by application of Crommelin 
formulae. Details of the derivation and use of these formulae are presented in The 
Saturn Handbook. 

The second procedure will produce more accurate results than the first method, 
but the sparsity of detail on photographs made with even large telescopes renders 
use of this method questionable. Furthermore, outlines are frequently indistinct 

*This choice needs to be modified when the rings are almost on edge--a matter of 
little concern for the next eight or nine years. 
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owing to the long exposures and grain of the emulsion. Accurate measurements of 
features on photographs are at best exceedingly difficult. 

The final technique mentioned above mandates that one employ a filar or 
bifilar micrometer, a piece of equipment rarely found among the ranks of amateur 
astronomers. without question, this method is the most accurate; those in a possi
ble position to make such precision measurements undoubtedly should do so. Lati
tude work would thus be indeed profitable as a regular program. 

For quite a number of years, a few observers have attempted direct visual 
estimates of Sa turn ian belt latitudes. ln this procedure, visual estimates are 
made of the fraction of the polar semidiameter subtended on the CM of Saturn by the 
belt whose latitude is desired. The value, denoted by y, is measured along the CM 
as the distance from the center of the disc to the feature being observed (positive 
when north) divided by the distance, r, from the center of the disc to either the 
north or south limb. The center of the disc may be located by reference to the 
symmetry of the rings; and it should be obvious that y/r is, at most, equal in 
absolute value to 1.0. The ratio y/r is recorded to the nearest 0.1, or even 0.01, 
whenever possible; and once this ratio is determined by visual methods, it is a 
simple procedure to compute the latitude of the belt using the appropriate formulae 
(see lhe Saturn Handbook). 

Upon comparing the so-called fourth technique above to the other more 
conventional measurement procedures, a preliminary analysis reveals a suitable 
degree of accuracy. It will be quite necessary, however, to obtain many more 
comparative latitude values by all methods before any final conclusions can be 
drawn as to the most reliable and versatile technique for the amateur. 

E. Color Estimates (Visual Colorimetry). Hues of various conspicuousness are 
often perceived on Saturn's globe, particularly with reference to the belts and the 
zones. Colors in integrated light (no filter used) are usually reported along with 
one's intensity estimates, but color estimates become even more useful if they are 
maae with color filters of known transmissions. The Eastman Kodak sets of Wratten 
Filters are especially suitable for the planetary observer. For instance, a blue 
( w 47 or W 38A) filter should enhance the brightness of features which possess a 
bluish hue, and a red (W25 or W23A) filter should make red features appear bright
er. Because the color of substances might shed some light on their chemical 
composition, colorimetry of Saturnian features should prove of some value. Yet, 
overinterpretation of such manifestations should be avoided, and the drawing of 
conclusions must proceed with caution. Since colorimetry is fairly involved, a 
full discussion can be found in The Saturn Handbook. 

PART II. SATURN'S RING SYSTEM 

As we have indicated earlier, the ring system of Saturn is responsible for its 
popularity among the more casual observers; the more serious-minded enthusiast, 
while drawn to Saturn perhaps in part by aesthetic qualities, will be inclined to 
study the planet and its mysterious ring system for answers to questions which 
continue to perplex astronomical specialists. 

The rings of Saturn are subdivided into components. The outermost of these, 
at least for our purposes, is Ring A. It is separated from the central Ring B by a 
dark "gap" referred to as Cassini's Division, visible in most telescopes having an 
aperture of 2.4 inches (6.0 em.) and larger. The innermost of the components, 
again for our purposes, is Ring C, or the Crepe Ring as it is frequently called. 
It is by far the faintest of the three major components, and it usually requires a 
moderately large telescope to be seen to any advantage. 

Voyager missions of 1981 confirmed a large, very tenuous ring external to Ring 
A, called Ring E. Ring E was originally suspected in Earth-based observations, but 
its true extent was not known to any degree of accuracy until the more recent space 
missions. Inside Ring C is another obscure component, called Ring D, a feature 
also suspected in Earth-based observations. Two other ring components, Ring F and 
.king G, external to Hing A but within Ring E, were discovered by Voyager. These 
components have no significance to the visual observer on Earth. Reference to 
Figure 1 will help illustrate the nomenclature of the ring system of Saturn. 

Observing programs for Saturn's rings might be outlined briefly as follows: 
A. Intensity Estimates (Visual Photometry). The numerical relative intensity 

of the ring system components is estimated in exactly the same way as were the 
belts and zones on the planet's globe, employing the outer third of Ring B as the 
reference standard at intensity 8.0. 

B. Color Estimates (Visual Colorimetry). As with the belts and zones on the 
globe, absolute color estimates are worthwhile in integrated light. Also, 
observation of the ring ansae with alternating red (w25 or W23A), green (W58), and 
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blue (w47 or w38A) filters has revealed in the past a curious "bicolored aspect of 
the ring system" to careful watchers. To clarify, one ansa appears brighter in one 
filter and dimmer in another. Observations supporting this phenomenon are increas
ing, and a systematic investigation is definitely in order. This program dictates 
that the observer estimate the intensity of Rings A, B, and C, in whole or in part, 
relative to the outer third of Ring B using the three filters just described. 
These transmit mutually exclusive portions of the visible spectrum. 

C. Intensity Minima in the Rings. The rings of Saturn, especially in larger 
telescopes, are seldom continuous, but appear to be interrupted concentrically 
outward by numerous ripples or "intensity minima." Of course, the most conspicuous 
one is Cassini's Division, separating Ring A and Ring B; it appears, more than any 
of the others, to have continuity all the way around the ring system. The other 
intensity minima are nearer the threshold of one's visual perception, and they 
require large apertures to be seen to advantage. lt is of great value to be able 
to characterize and position the various intensity minima, particularly because 
they are known to exhibit variations in overall prominence and location. 

Voyager missions of 1981 revealed that the rings were composed of a myriad of 
these intensity minima, but the Earth-based observer cannot hope to see at the very 
most more than about twelve, of which only about four show any real recurrent 
visibility from observing night to observing night. The most popular of intensity 
minima, aside from Cassini 's Division, is Encke's Division approximately halfway 
out in Ring A. lt sometimes has been called "Encke's complex" because of its 
apparent multiplicity on occasion. 

Observers with telescopes having apertures less than about 4 inches ( 10 em.) 
in refractors and perhaps 10 inches (25 em.) in reflectors should not attempt this 
program as a regular endeavor. In fact, a very desirable minimum aperture is 
really near 12 inches (30 em.) if one wishes to search for intensity minima under 
average seeing conditions. Those with suitable instrumentation should attempt to 
measure the position of intensity minima with respect to the edges of the rings 
when seen, preferably with a filar micrometer, but otherwise by a careful drawing. 
Comparisons with Voyager data should prove interesting. 

D. Occultations of Stars Qy the Rings. When a star is occulted by the rings 
of Saturn, one is faced with an unusual opportunity for detecting and ascertaining 
the positions of intensity minima. Variations in the observed brightness of stars 
during passage behind the ring system can reveal intensity differences which would 
not otherwise be detectable using the same telescope. It is quite unfortunate to 
note, however, that only fairly bright stars can successfully be observed during 
occultation for the majority of amateur telescopes. For example, a 7th magnitude 
star in occultation can be seen with a 6-inch (15-cm.) telescope only with diffi
culty; 8th magnitude stars can only be seen with a 12-inch (30-cm.) telescope 
through Ring A, which on the whole is much less dense than Ring B. It is not 
intended here for there to be any implication that observers with a smaller tele
scope should not attempt such work, since even the determination of exact contact 
times with the globe and ring system is most valuable. In addition, although the 
star may be lost much of the time while behind the rings, it may suddenly appear 
when behind a region of lower density. Observations of occultations of stars by 
the rings must be made with considerable care; an exact location of the observing 
site is required, and the timing of events should be carried out to the nearest 
second. 'lhe use of WWV or CHU time signals, available on any good shortwave radio, 
will be important here. 

E. Edgewise hing Presentations. At intervals of some 14 or so years, the 
rings of Saturn appear edgewise to our line of sight. At such times, observers 
should attempt to see how close to theoretical edge-on orientation the rings can be 
followed with a given instrument. Specialized observations of the rings are re
quired, and reference to The Saturn Handbook is suggested for detailed information. 

PARl Ill. SATURN'S SATELLITES 

Of Saturn's seventeen or so known satellites, only eight have any real im
portance to observers on Earth. These brighter satellites are within the reach of 
quite modest apertures if their positions are known beforehand. Ordinary apertures 
are not much help, however, in revealing anything about their surfaces. However, 
it is a worthwhile effort to attempt magnitude estimates of those satellites which 
are to be seen with various instruments. 
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Key Symbolism in Nomenclature of Saturn: 

N North 
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B BPlt 
z Zone 
F Fquatorial 
Te Temperate (Zones) 
T Temperate (Belts) 
Tr Tropical 
R Region 
p Polar 
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Fxample of Usag•;: NFDn is North F(jllatnrial Rdt, N Comp. 
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Figure 1. Diagram to show nomenclature of the globe and rings of Saturn. 
Contributed by Julius L. benton. The tilt of the rings to our line of sight 
varies; and the visibility, and even existence, of the different belts and zones 
also varies. 1he shadow of the ball on the rings is on the east side of the ball 
before :oaturn reaches opposition, and on the west side afterwards (IAU directions, 
see diagram). lhe shadow of the rings on the ball may be either north or south of 
the projected rings, according to how the tilt of the axis of Saturn toward the 
~arth compares to its tilt toward the Sun. 

~iRgni tude estimates are carried out in two fundamental ways: ( 1) using a 
ser·ies o!' standard reference stars of calibrated brightness, as is the case when 
~aturn occasionally passes through a variable star field, for example; and (2) 
reference to 1itan. 1he object here is to detect brightness variations of the 
satelli.tes ouring the course of their orbital passage. Visual estimates, unfor
tunately, tend to be mostly unreliable, and photometric work is to be encouraged. 
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Figure 2. Observing form used by the A.L.P.O. Saturn Section to make drawings of 
the planet and its rings. The observer uses the outline corresponding most closely 
to the tilt of the rings at the time of observation. Form available from Julius L. 
Benton, P.O. Box 147, New Hope, PA 18938. In this reproduction the length and 
width of the form are about 60 percent of their original values. 

Few amateurs have photoelectric photometers which would be suitable for this kind 
of work. Visually, the observed brightness of a satellite will be a function of 
its distance from the brilliant globe and rings as well as of its actual bright
ness. Estimates through visual means are limited as a consequence, but it is 
meaningful to assemble a long-term series of such estimates for comparison with 
more sophisticated techniques. When Titan is utilized as a reference, for in
stance, a stellar magnitude of 8.4 is assigned to it; the other satellite magni
tudes are then estimated in steps of 0.1 magnitudes relative to Titan. A complete 
discussion of these observational endeavors is to be found in The Saturn Handbook. 
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ASSOCIATION OF LUNAR AND PLANETARY OBSERVERS (ALPO\· THE SATURN SECTION 

Visua.l Observations of Saturn 

Obaer.ert 
Insert "Class" symbol in the ObaerTinJ: Station: 
appropriate column to right: 

Obsernr•a Addres~: 
(P) Visual Photometry 
(C) Visual Colorimetry 
(L) Visual Latitudes 

DATA p I c I L I P I c L p I c j_ L Leave Blank 

~ 
!. Year 

2. Month 

3. Day (hy UT) 

4. Time (UT) I 
5. Instrurnen· Aoerture i 

6. Ins trurnent Tvoe 

Magnification Ia) 
! i 

7. i 

8. Seeino rD*l 

9. Transoarencv fT .. ) 

10. Color Filterlsl I 
0' 0 0 0 0 0 0 0 0 

ll. B = 
FEATURES: 

!. 

2. i 

3. : 
4. I 

' 
5. 

6. 

~I 7. 

8. 
I 

9. 

10. 

11. 

12. 

Figure 3. Observing form used by the A.L.P.O. Saturn Section to record estimated 
colors, intensities, and latitudes of different features. Available from Julius L. 
Benton, P.O. Box 147, New Hope, PA 18938. The length and width of the form in this 
reproduction are about 60 percent of their original values. See also text of Dr. 
Benton's article on pg. 89 et §§Q. 

When the rings of Saturn are near or at edgewise presentation, the satellites 
undergo phenomena similar to those of the Galilean satellites of Jupiter. That is, 
Titan and some of the other Saturnian satellites experience transits, shadow tran
sits, occultations, and eclipses, plus mutual phenomena. Observations of these 
events are very interesting and useful, and detailed instructions for their execu
tion are to be found in The Saturn Handbook. 

CONCLUSIONS 

1he discussion in the foregoing paragraphs has been intended specifically for 
the novice, and the material has been presented in summary form in order to ac
quaint the beginning observer with the essentials for full participation in the 
routine programs of the A.L.P.O. Saturn Section. Although the mastery of the 
discussion contained within these pages will provide one with the prerequisites for 
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a useful observational program, the seriously interested student of Saturn will 
need The Saturn Handbook as the source for more detailed, advanced information. 
The reader will notice that frequent references to the Handbook have been made 
throughout the preceding discussions, an indicator that quite a wealth of observa
tional activity can be directed to Saturn. 

Readers are invited to join the A.L.P.O. in general, and all interested indi
viduals are encouraged to participate in our routine and special observational 
programs on Saturn as conducted by the Saturn Section. As one gains experience, 
there will be found many other pursuits within the Saturn Section for the well
equipped observer. At all times, regardless of one's knowledge or expertise, the 
Saturn Recorder is ready to provide assistance and guidance. Regular contact with 
observers, as well as the exchange of information, is sought. Comments and sugges
tions by participants in our programs are always welcome, and there is an intense 
interest in creating and maintaining a Section which will serve all interests and 
levels of experience. 

SATURN CENTRAL MERIDIAN EPHEMERIS: ill_!!_ 

By: John E. Westfall, A.L.P.O. Associate Director 

The two tables on pages 96 and 99 give the longitude of Saturn's geocentric 
central meridian for the illuminated (apparent) disk for 0 Hours, Universal Time 
(U.T.) for each day in 1984. These tables are continuations of those previously 
published in the JALPO for 1969-83, and include corrections for phase, light-time, 
and the Saturnicentric longitude of the Earth. Beginning with 1982, all quantities 
have been computed directly from the elements of Saturn's orbit. 

"Syste:J\ I" longitudes assume a sidereal rotation rate of 844~00 per day 
(period = 10 14m 1:f.06) and should be used for features in the NEBs, EZ, and SEBn. 
"SystE:cm II", to :he used for the rest of the ball, has a rotation rate of 812;00 per 
day (period= 10 38m 25~42). 

Voyager spacecraft results have shown that the velocities, and thus the rota
tion rates, of Saturn's atmospheric currents are highly variable with latitude. 1 
They probably change with time as well. Thus, any central meridian ephemeris will 
be an approximation at best. We hope that this ephemeris will give conveniently 
small drift rates for most short-lived features. It is important that A.L.P.O. 
observers make central meridian transit timings of any well-defined features which 
they observe so that deviations from the ephemeris can be identified. In making 
such timings, the belt or zone the features occur in should be specified; ideally, 
the latitude of any such feature should also be measured. Naturally, if one is 
fortunate enough to discover a well-defined atmospheric feature, the finding should 
be immediately reported to the Saturn Recorder so that other observers can be 
alerted. 

As an example of the use of these tables, as~ume that a llght spot ln the NEBs 
is observed to transit the central meridian at 04 19m on 28 JUN 1984 U.T. Noting 
that the NEBs falls in "System I", we extract the quantities given in the right
hand column below: 

System I C.M. at oh U.T., 28 JUN 1984. 
+ Motion of the System I C.M. in: 04h. 

10m. 
ogm. 

System I C.M., 04h 19m, 28 JUN 1984 U.T. 

005~4 
140.7 

5.9 
5.3 

157~3 (157°) 

Note that one should subtract 360° from any result exceeding 360°, and that it 
is more realistic to round the final result to the nearest whole degree, 
particularly if timings are to a precision of only 1 minute. The tables may also 
be used in reverse; namely, to find the U.T. of central meridian transit of a 
feature of known System agd longitude. To do this for a particular date, find the 
difference between the 0 C.M. longitude and the feature's longitude (which will 
probably involve extrapolating its drift rate). Then, find the hours and minutes 
values that will generate the necessary motion of the central meridian. It helps 
to bear in mind that successive central meridian transits will repeat themselves at 
very close to a 3 terrestrial day interval for System I and very close to a 4 
terrestrial day interval for System II. 

1Voyager-derived rotation rates are tabulated with the 1983 ephemeris; JALPO, ~. 
11-12 (Mar., 1983), 231-234. 
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AN INTRODUCTION TO MONOCHROMATIC SOLAR OBSERVING 

By: Randy Tatum, A.L.P.O. Solar Section 

Abstract. A history of monocromatic solar observing, with emphasis on instrumenta
tion, is discussed. The basic solar features, as observed in hydrogen-alpha light, 
are described for the observer. 

Prior to the year 186b, solar astronomers could observe prominences only 
during a few minutes of totality of the eclipsed Sun. Knowledge concerning these 
features hence progressed slowly. The question of whether the prominences are 
causeo by the Sun, Moon, or an optical illusion, was solved at the eclipse of 1868 
by photography. During the eclipse of 18b8, in India, French astronomer Janssen 
observed the bright emission lines of a prominence at the Sun's limb, spectroscopi
cally. He was so impressed by the brightness of the prominence in the hydrogen
alpha line that he tried to observe the emission in broad sunlight after the 
eclipse. He found that by placing the spectroscope slit across a prominence, he 
could trace out its shape. Janssen shared this discovery with Lockyer in England. 
Huggins developed the technique of widening the spectroscope slit, thereby viewing 
the entire prominence instead of a thin slice. There is a limit to which the slit 
can be widened, depending on the spectroscope's dispersion and on the clarity of 
the atmosphere. The wider the slit, the less contrast a prominence has. The early 
prominence spectroscopes were short focus and used a train of prisms for disper
sion. The slit had to be positioned tangent to the Sun's limb, and had to be 
repositioned many times in order to observe the entire circumference of the Sun. 

In order to photograph the entire limb of the Sun, in monochromatic light, G. 
Hale designed the spectroheliograph in about 1891. He used the broad Kline of 
calcium in the deep blue part of the spectrum. The chromosphere and prominEnces 
emit light in several spectral lines in addition to H-alpha, such as the Hand K 
lines of calcium, the yellow sodium lines, the yellow helium line, and the rest of 
the Balmer hydrogen series. The color of prominences during totality is intense 
pink since it is a combination of all these emission lines. The H-alpha line in 
the orange/red part of the spectrum is the dominant emission line. The spectrohe
liograph creates an image on a photographic plate slowly, slit width by slit width, 
isolating a single spectral line. The first slit creates the dark absorption 
lines; and the second slit isolates one particular line only, letting its light 
through to the photographic plate. Hale found that bright ionized clouds of cal
cium on the Sun's disk could be photographed with this instrument. In 1908 he 
photographed the solar disk in H-alpha light and discovered strong magnetic fields 
confining the gas around sunspots. 

The optical counterpart of the spectroheliograph, the spectrohelioscope, was 
designed about 1924. In this instrument, the slits move rapidly and repeatedly 
across the solar image; and due to persistence of vision, the eye sees a continuous 
image in H-alpha light. Using a spectrohelioscope, it is possible to measure 
velocities along the line of sight quickly with a device called a line shifter. For 
visual work, the best line in which to observe is H-alpha. The eye is more sensi
tive in the green to red end of the spectrum, and other lines are too narrow to be 
easily used. The importance of the spectrohelioscope in the field of solar terres
trial relations became evident when radio noise was found to be associated with 
solar flares in 1942. Ever since Carrington and Hodgson had observed the first 
white light flare in 1859, astronomers had suspected a connection between flares 
and geomagnetic disturbances. Hale wanted these instruments to be distributed to 
observer0 around the world. 

There are many designs for spectrohelioscopes. The solar observer should 
choose the design that best suits his needs. Generally, the spectroscope is fixed 
in a horizontal or vertical position. Sunlight is fed to it from a single flat 
heliostat or from a coelestat two mirror system. It would be best that the spec
troscope is used in an observatory to protect it from wind and scattered light. 
The average amateur telescope maker could built a spectrohelioscope for about 
~600.00. Diffraction gratings with 1200 lines per mm will show thousands of 
Fraunhofer lines in the solar spectrum, and are relatively inexpensive. The lenses 
used can be single element. The details of design and construction of a spectrohe
lioscope will not be discussed here. The interested observer should consult re
ferences 3, 5, and 6. 
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5f:d ui~f~, l9o-. 
LONGi100l OF C~Nfk~L MEklDlH~ 0~ lLLUMlNAltD ~IS~ 

.JuNt. Juli ~tiG, St:}', Ol.l, NUllo lJ£C, 

~00.4 18+.7 lb2.5 ~oY.4 1~~.2 ~~7.8 vll.S ~~8.B !3ij.& 0~4.4 313.8 ~70.~ 
2 064.~ JVo.~' ~U6.6 l9S.5 316.2 V2l.& lil.~ V2L.i' .~\ml;6- !98.2 V/i.o 1'1'4.2 
~ 188.3 07~.8 070.i 317.6 OB~.3 1~5.8 265.2 146.5 ~~6.5 32L.l 201.~ ~18.1 
4 312.3 196.& 1~4.; 081.7 2~~.4 26~.B 02~.1 270.4 JJO.~ ~85.~ 3~5 •• ~~2.~ 

5 076.3 3~~.~ JlB.& 2~j.a 32&.5 ~33.& i53.i V34.~ ~94.2 20~.a ~&9.2 ~~~.9 
6 200.3 084.9 082.Y ~29.9 ~Y2.5 157.8 277.0 158.2 2i&.O 33~.6 ~13.1 329.~ 
7 l24.3 20~.0 20/.0 094.0 ~16.6 ~Bl.~ ~41.0 2b2.1 341.9 V97.4 ~~~.~ VY3.~ 
b Ob8,3 333,0 33lol 2lbol 34~.7 ~45,9 164.~ 046,0 l~j,7 2~1.3 100,9 217,6 
Y 212.3 Vi7.1 095.2 3~2.L 10~.& l69.Y 288.8 !o9.B 229.6 345.i 224.7 ~·1.5 

10 3~6.3 221.1 219.3 106.3 ~2d.B 2~~.9 ~52.8 293.7 353.4 1~9.~ 348.6 1~5.5 
11 100.3 ~45.2 343.4 23~.4 352.~ 051.9 176.7 057.6 117.3 ~32.8 112.5 ~29 •• 
12 224.3 i~~,2 107.4 ~54.5 it7.~ i8l.9 300.o 1&1.5 ~41.1 356./ 2S6.4 35~.3 
13 34&.3 2J3.3 23i.5 118.6 2il.V 3V5.8 V6~.5 3V5.3 VV~.V 12U.5 UOV.2 111.2 
14 11~.3 357.4 j5~.6 242i6 ~05.1 ~6~i& i&8.5 069.2 128.8 244.4 i~~.i 241.1 

i5 236.3 121.4 119.7 006.7 129.1 i93.& 3t~.4 1~3.1 252.7 O~B.2 24b.O ~~5.1 
16 i00.3 ~.j.S ~.s.a 130.8 253.2 317.8 o;D.3 3l7.o ~i6.5 132.1 011,9 129.~ 
17 124.3 009,5 007,9 ~54,9 017.2 081.8 200.2 Ob0.8 140.4 255.9 1~5.8 252.9 
18 248.3 1~3.6 i3~.0 Ol~.u 14i.3 20~.8 324.1 204.i 264.2 Ci9.B 259.6 ~16.9 
19 01~.3 ~57.7 256.1 143.1 265.3 32~.1 ~&B.l 32&.b 02&.l 1~3.6 ~23.5 140.& 

20 !36.4 021.; 020.2 267.2 ~29.4 09~.j 2i2.0 V92i4 151.9 261.5 14/., 264.7 
21 260.4 1~5.8 l44.J VJi+3 153.4 217.7 3~5.9 2i6.J ~7~.~ ~31~~ ~71.3 ~28.7 
22 02~.4 ~6~.~ 268.4 i55.4 277.5 341.7 ~9~.& 34~.2 ~J~.o !~5.L ~35.2 i52.6 
23 148.4 034.0 032.5 21·9.5 O~i.5 105.6 223.7 iO~.o io3.b ~;j.~ !59.1 276.6 
24 272.4 158.0 156.6 04J.6 165.6 L2~.6 3~7.6 227.~ 287.5 V4~.Y 2~3.V V4V.5 

25 ~36,5 282,1 280,7 167,7 109,6 353,6 111,5 351,7 051,3 166.~ ~46,9 iD4•• 
26 160.5 046.2 044.8 291.7 233.6 117.5 235.4 115.6 175.2 290.6 17~.8 288.4 
27 284.5 l/0.3 168.9 055.8 357.7 241.5 359.3 239.5 299.0 054.5 294.7 052.3 
28 048,6 294,3 ~93,0 179,9 121,7 005,4 123,2 003,3 062,8 i78,3 058.D 176,3 
29 172.6 058.4 057.1 304.0 245.7 129.4 247.1 127~2 186.7 302.2 182.5 300.2 

30 296.6 
31 u60.7 

181.2 068.1 009.7 253.4 011.0 251.0 310.5 066.1 182.5 064.2 
305.3 133.8 134.9 014.9 189.9 188.2 

1H., ,35,2 
2H .. ,70,3 
3H, .105.0 
4H •• 140.7 
5H • .175.8 
6H •• 211.0 
7H, .246.2 
8H •• 281.3 

MOTION OF THE CENTRAL i'IERIIiiAN 

9H, .316.5 
10H, .351.7 
llH., .26.8 
12H ... 62.0 
1JH ... 97 .2 
14H •• 132.3 
15H •• 167 ,5 
16H, .202,7 

17H .. 2J7.8 
18H .. 273.0 
19H .. 308.2 
20H .. 343.3 
21H ... 18.5 
22H •• ,53,7 
23H ... aa.a 
24H, .124 .0 

* * * * * 

1011 .... 5.9 
2(111 ... 11.7 
3011 ... 17 .6 
4011 ... 23.4 
5011 ... 29.3 

111 .... 0.6 
2H •••• 1.2 
311 .... 1.8 
411 •••• 2.3 
511 .... 2.9 
6i'i .... 3.5 
7H ... ,4,1 
811 .... 4.7 
9H .... 5,J 

In a large sense, the spectrohelioscope is analogous to your radio receiver or 
T.V., except that it operates in the visible part of the electromagnetic spectrum. 
Various chemical elements transmit at discrete frequencies, just as do radio and 
T.V. stations. The ability of your instrument to "tune in" on specific wavelengths 
is important to reduce noise in your receiver, or to improve contrast in your 
spectrohelioscope. 
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5iffURN' 1984 
LONGITUDE OF CENTRAL MERIDIAN OF ILLUMINATED DISK 

SYSTEM II--0 HR U,f, 

i)Af JAN, FEB. MAR. APR, MAY JUNE JULY AUG, SEf·, OCT. I'WV. i:OEC, 

291.0 26S.2 052.9 027.8 270,5 064.~ 30~.7 273.3 241.4 297.1 264.5 l~l.~ 
2 V2S.V 355.~ 145.0 119.8 OOL.6 156.2 V3S.7 VV5.2 15~.2 V28.9 356.4 232.9 
3 114.~ 087,3 237.1 211,9 094.7 248.2 127.6 097.1 245.1 12~.8 u88.2 324.8 
4 206.9 1/9.4 329.2 304.0 186.7 340.2 219.6 189.0 337.0 212.6 18~.1 056.7 

~ 298.9 211.4 061.3 036.1 278.8 072.2 311.5 280.9 ~68.8 304.4 272.0 148.6 
6 030.9 ~03,4 153.3 128,2 010.9 164.2 043.5 012.7 160.7 ~36.3 ~~3.B 240,5 
7 122.9 095.5 245.4 220.3 103.0 256.2 135.~ 104t6 252.5 i2&.l 095./ 332.4 
8 214.9 187.5 337.5 312.4 195.0 348.2 227 .• 4 196.5 344.4 22~.~ lB7.6 064.3 
9 306.9 279,6 069,6 044.5 287.1 080.2 319.3 288.4 076.2 Ji1.8 279.5 156.2 

10 038.9 011.6 161.7 i36.6 Vl9.2 172.2 051.2 V20.3 168.1 V4J.7 vii.3 248.2 
11 130.9 103.7 253.8 228.7 1ll.2 264.2 143.2 112.2 259.~ 135.5 i~3.2 340.1 
12 222.9 195.7 345.9 32~.8 203.3 356.2 235.1 2~4.0 351.& ~~7.4 1~5.1 ~72.~ 
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19 146.9 120.2 270.5 245.5 127.7 280.2 158.5 i27.i 27~.& 15~.3 1!8.2 355.5 

20 238.9 212.2 002.6 337.6 219.7 012.1 25~.5 219.~ 006.6 242.2 210.1 087.~ 
21 331.~ 304.3 094,7 069.7 311.8 104.1 34~ •• 31Q,9 09&.~ 334.1 302,v 179.4 
22 063.0 036.~ 186.8 i61.7 043.8 i96.1 074.3 042.& i9~.3 ~65.9 ~33J 2i1.3 
23 155,0 123.4 278,9 253.8 135.9 288.1 166.2 134.6 282.3 157.8 i25.B V03.2 
24 247.0 22~.5 011.~ 345.9 227.9 020.0 258.1 226.5 014.1 249.6 217.7 095.2 

25 339.0 312.6 103.1 07B.v 14v.o 112.0 35o.o 318.4 1v6.v 341.5 309,6 187.1 
26 071.1 044.6 19~.2 170.1 232.0 204.0 081.9 050.2 197.8 ~73.3 ~41.5 279.1 
27 163.1 136.7 287.3 262.2 324.0 295.9 173.8 142.1 289.7 165.2 133.4 ~ii.~ 
28 255.1 22B.8 019.4 354,3 056.1 027.9 265.7 233.9 021.5 257.1 225.3 1~3.0 
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3v 
31 

079.2 
171.2 

203.6 
295.7 

178.4 24\i. i 
332.1 

211.8 V89,5 V57.7 205.2 
i8i.4 149.5 

O&V.B 317.2 286.9 
i72.6 Vi&.a 

1H ••• 33.B 
2H, ... 66.7 
3H,,1Vl.5 
,;i.ri •• 135.3 
5H •• i69,2 
6H, .203.0 
7H •• 236.8 
8H, .270 ,7 

MOTION OF THE CENTRAL MERH<I~.N 

9H, ,304.6 
iOH, .338 ,3 
11H, .. 12,7 
12H ••• 46.0 
i3H ... 79.8 
14H •• 113.7 
15H,,i47.5 
16H, .181.3 

17H •• 215.2 
iBH •• 249.0 
19H .. 2B2.8 
2\lH.,316.7 
21H, .350, 5 
22H., .24.3 
23H ••• 58.2 
24H, •• 92.V 

* * * * * 

iVM.,., 5,6 
2VM ••• ii,3 
30M ••• 16.9 
4VM ••• 22,6 
so;..; ••• 2s.2 

1M •••• o.6 
2M,.,,1.1 
3M •••• i./ 
~M •••• 2.3 
5M •• ,.2,& 
6M •••• 3.4 
7M., •• 3,9 
8M •••• 4,5 
9M •••• 5,i 

Around 1930, B. Lyot developed a new device to study the Sun the monochro
meter. These optical filters were made of quartz and calcite crystals, and had to 
be kept at a constant temperature for best contrast. The early filters had pass
bands of several angstroms and could only be used to study prominences. In order 
to study disk details in H-alpha, your filter must have a passband of one angstrom 
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or less. In addition, if the filter's passband is wider than one angstrom, an 
occulting disk is needed. A quartz monochrometer can be built by an advanced 
telescope maker. 

The development of the interference filter improved the efficiency of optical 
filters by reducing passbands to 0.1 angstroms. Space age production techniques 
reduced the cost of these filters and put them into the hands of amateurs. H-alpha 
interference filters used for observing prominences cost several hundred dollars. 
Filters used for H-alpha disk study cost at least one thousand dollars. H-alpha 
filters allow astronomers to photograph solar features quickly with high 
resolution. Interference filters are sensitive to temperature and tilt. Tilting 
the filter shifts the passband to the blue wing of the H-alpha line. When one 
observes in the center of this line, one is observing high in the chromosphere and 
sees maximum contrast of prominences, filaments, plages, and flares. When a filter 
is tuned off band to the red or blue wing, one sees lower into the chromosphere, 
and less H-alpha detail is visible. Doppler shifted features such as surges and 
active filaments will be prominent in the wings of the line. The father an H-alpha 
feature is observed from the H-alpha core, the greater its radial velocity in the 
line of sight. If the filter is tuned about one angstrom or more from line center, 
sunspots are conspicuous. There follows a description of solar features as seen in 
hydrogen-alpha light. 

Without a doubt, solar prominences are among the most beautiful and interest
ing objects to observe in the heavens. No other objects change size, shape, and 
brightness as do prominences. They are usually classified as quiescent and erup
tive, but all are active and evolving. Their lifetimes can range from minutes to 
weeks. 

Quiescent prominences are identical with the dark filaments viewed on the 
solar disk. At the limb, they are seen as bright emission features against the 
dark sky. On the disk, they are seen as dark absorption features against the 
bright surface of the Sun. A full-grown filament is about 40,000 km in height, 
6,000 km in width, and 200,000 km in length. Filaments vary greatly in length and 
may extend for more than a solar diameter. They have complex structures made up of 
numerous strands of gas, normally in a vertical pattern. Gas condenses out of the 
much hotter corona at the top of the prominences and filters down to the chromo
sphere below. Matter must be continuously replaced to maintain the feature. Near 
the surface, arch-like structures may dominate, giving the appearance of feet 
anchored in the chromosphere. On the disk, long filaments frequently display a 
smooth side and a scalloped side. The feet mark the location of a neutral line, or 
position where the polarity of the longitudinal (radial) magnetic field reverses. 
The filaments are supported by magnetic fields, and are insulated from the much 
hotter, but rarefied, corona. The fact that filaments are observed at all lati
tudes on the Sun enables astronomers to map large scale magnetic fields and supple
ments magnetograms. Filaments are intimately related to active region evolution 
and respond violently to solar flares and other magnetic disturbances. Prominences 
are often observed flowing into sunspot regions. Disturbances may cause a filament 
to be ejected into the corona. The largest prominences observed, eruptive arches, 
are erupting filaments. 

Most of the active and eruptive prominences are confined to the latitudes of 
active regions. Their frequency follows the 11-year cycle well. As with quiescent 
prominences, the descent of gas to the solar surface is common in active regions. 
A loop prominence begins with a small spherical cloud appearing above a sunspot 
group. It becomes elongated and breaks up to form streams on both sides of the 
loop. Loop prominences have complex and delicate structures, and help us to map 
magnetic fields above active sunspot groups. "Coronal rain" is a similar type of 
activity. 

Eruptive prominences have a variety of shapes and sizes. Their lifetimes are 
typically less than 30 minutes. Surges, puffs, and sprays are closely associated 
with solar flares and centers of high activity. Surges are normally a post-flare 
phenomenon. Many relatively small flares are followed by eruptions. On the disk, 
surges appear as dark, elongated features which grow radially from a bright flare. 
Since they are moving rapidly towards the observer, they are blue shifted and are 
best observed in the blue wing of the H-alpha line. At the limb, surges may appear 
as bright spikes or jets, which grow rapidly only to fade away or fall back into 
the chromosphere. Large eruptions begin as bright knots of gas which quickly 
expand and frament into complex forms. Eruptive prominences can reach distances of 
several hundred thousand km from the limb. 
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Figure 4. H-Alpha photograph by Randy Tatum on June 6, 1982, showing a complex 
active solar region during the declining phase of a major flare. Note the bright 
flare filaments and the close association with sunspots. Used a 7-inch refractor 
stopped to 3.5 inches for f/30, a 2X Barlow Lens, a 0.7-angstrom H-Alpha filter, 
and Tech Pan 2415 Film. 

Figure 5. H-Alpha photograph by Randy Tatum on June 20, 1982. Same equipment as 
for Figure 4. Two large active regions. Note the bright plages and the 
differences in structure between the two groups. 
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Figure 6. H-Alpha photograph by Randy Tatum on July 31, 1983. Note the 
chromospheric fine structure around the sunspot group and the fragmented plage. 
Same instrumentation as for Figure 4. 

Figure 7. H-Alpha photograph by Randy Tatum on September 3, 1983, showing a large 
quiescent prominence. Same instrumentation as for Figure 4. 

Of all the varied solar phenomena, solar flares are the most violent and 
interesting. A flare is a sudden release of energy stored in the magnetic fields 
of active regions and then released in the form of electromagnetic radiation and 
atomic particles. Radiation from flares covers the entire electromagnetic spectrum 
from X-rays to radio waves. Those radiations beyond the visible spectrum are 
important in the understanding of flares, but are not within the scope of this 
paper. 
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The chromosphere in the neighborhood of sunspots is often a region of enhanced 
temperature and brightness. Known as plages, such features are a result of magne
tic fields restricting gas motion. In sunspots, fields are strong enough to stop 
the convection of the gas altogether. They are cooler and darker than their 
surroundings. In H-alpha light, a solar flare appears as a brightening of an 
existing plage region. The intensity of solar flares increases rapidly, usually 
for only a few minutes, but takes much longer to fade to its pre-flare brightness. 

Several observations should be noted concerning flare production: 
1. Solar flares occur close to the neutral lines in active regions. 
2. Flares tend to occur near the same location within a sunspot group. 
3. Large flares are preceded by smaller flares and brightenings of plages. 
4. Small flares appear as one or more bright points of emission near spots on 

either side of a neutral line. 
5. Large flares form parallel ribbons of emission on both sides of a neutral 

line. 
6. When new groups grow and interact with older regions, flare production 

increases. 
7. More flares are observed during the growth phase of sunspot groups, when 

fields are changing, than during the decay phase. 
8. Most flares are produced by type E and F groups in the Zurich classifica

tion. 
9. Flare production is high in magnetically complex groups. Simple bipolar 

and unipolar groups may not produce a single flare. 
10. Sunspot groups which are compact and have spots of opposite polarity mixed 

within one large irregular penumbra have a high flare potential. 
11. Zones of higher flare activity can last for several solar rotations or even 

for years. 
White light flares, visible in the photosphere, are very rare* and difficult 

to observe. They are also among the most powerful events in the solar atmosphere, 
and are the most likely to produce geophysical effects. Their duration is less 
than ten minutes,** and they occur only a few times a year at the most. Seldom 
does a day go by without some small flares' being visible in H-alpha light. During 
the powerful proton flares, an expanding system of loops is observed growing out of 
the space between the parallel flare ribbons. The formation of the central loop 
system coincides with the white light flare; X-ray, EUV, and microwave bursts; and 
the acceleration of particles. 

This writer has observed a number of major flares over the past three years, 
but only a few were observed well during their development phase. It is particu
larly exciting to see an area the same size as the distance between the Earth and 
Moon flare up before your eyes. Large flares are quite a spectacle. 

Space does not permit full descriptions, or even mentions, of all solar fea
tures in H-alpha light. For a fuller description of solar features, consult re
ferences 2 and 4. 

It is hoped that this paper will generate an interest in solar observing among 
members of the A.L.P .0., and in particular, lead to a monochromatic observing 
program. 

References 

1. Young, C.A., The Sun, D. Appleton and Co., 1897. 
2. Abetti, Georgia,~ Sun, Macmillan Co., 1957. 
3. Memoirs of the British Astronomical Association, Vol. 37, Part 2, 1952. 
4. Mclntosh, P.S. and Dryer, M., Solar Actiyity Observations SI:W. Predictions, 

Massachusetts Institute of Technology, 1972. 
5. Observe and Understand the Sun, Astronomical League, 1976. 
6. Veio, F.N., The Sun in H-Alpha Light with .a Spectrohelioscope, 1978. 

Postscript .Qy Editor. Author Randy Tatum and A.L.P.O. Solar Recorder Richard Hill 
will welcome correspondence about this paper from our readers. Their addresses are 
on the back inside cover. As interest increases and necessary equipment is 
available, we are certainly glad to expand the projects of the Solar Section. 

*However, Solar Recorder Richard Hill directs attention to recent intensive studies 
at the Sacramento Peak Observatory. These show white light flares to be much more 
frequent than was previously thought. 

**Mr. Hill informs us that flares lasting as long as 45 minutes have been recorded. 
however, Mr. Tatum's text expresses the opinions about white light flare frequency 
and duration held by almost all solar astronomers until very recently. 

103 



IDEAS FOR METEOR OBSERVING 

By: David H. Levy, A.L.P.O. Meteor Recorder 

The last issue of Journal A.L.P.O. contained an article announcing the forma
tion of the new Meteor Section (Vol. 30, Nos. 3-4, pg. 77). The response already 
has been good, and work is now underway toward a meteor handbook. In the meantime, 
this article will suggest ways of getting started. 

The first set of things to remember about meteor observing is that it is easy, 
that it involves no telescopic equipment, and that it is fun. The second set of 
things is that the field is challenging, that it involves a considerable amount of 
discipline, and that, on cold nights, you might freeze while outside watching the 
little points of light fall out of the sky! So, in a single breath, meteor observ
ing becomes both simple and complex, challenging and fun. What is more, there are 
several distinct types of meteor observing, from simple visual counts to rather 
complex photographic studies. Let's explore some of these types: 

Visual counts and radiant determination: This is the most popular type of 
meteor observing, and in the first few months of the Section's life the writers of 
almost all the letters I have received have indicated great enthusiasm for this 
type of work. And little wonder: visual observing is the traditional way of 
collecting useful data on meteor streams: their intensity, their brightness, and 
their duration. And of course, it is the main recognized way of discovering new 
streams. 

You can observe meteors alone or in a group. If you watch by yourself, 
remember the following constraints: 

1. Do not try to scan the entire sky. Choose one quadrant and concentrate on 
it. And be careful in your choice of quadrant to watch: the one containing the 
radiant may not produce the most meteors. I like to find a sector about 90 degrees 
from the radiant, and of course in the darkest part of the sky. 

2. Do not be overly ambitious with recording your data; you'll miss meteors. 
Consequently, it is not a good idea to plot each meteor if you are watching alone. 

3. Watch your area carefully for at least one hour; observations less than 
that will not be valid statistically. 

If you observe in a group: 
1. The group should contain either four, eight, or twelve observers. With 

four, one observer watches each quadrant, and after an hour or so everyone should 
break for 15 minutes. 

2. With eight observers, the quadrants are divided into two, so that one 
observer takes the "upper half'' and the other observer the lower. 

3. A well-organized team usually has twelve observers, with eight on and four 
off at any one time. This way each observer gets to observe in spurts of an hour, 
and then to rest for half an hour. Thus the sky is covered constantly by alert 
people. 

4. Each group should have at least one recorder, who will ask for and then 
record information. It would still be up to the observer to plot the meteors he 
sees, using the meteor number assigned to him by the recorder. 

What to record: Remember that for each meteor, you need to record the visual 
magnitude, whether the meteor is part of a shower, and any comments such as "un
usually fast" or "left 3-second train". Usually the recorder marks the passing of 
time every 5 or 10 minutes. Remember, we are after statistical counts so we do not 
have to write down the time to the second of every meteor we see. Also, you must 
record the quadrant you are observing. 

A special caution is needed about magnitudes. Many observers, especially new 
ones, tend to overestimate the brightness of a meteor. Remember that you are 
watching an object appear suddenly, move across some stretch of sky, then disap
pear, and that you are supposed to compare it to the brightness of a quiet and 
steady star that has been shining steadily for eons. So be careful. Also, try to 
choose comparison stars that are close in altitude to that of the meteor, so that 
differing atmospheric extinction will not bias the estimate you give. 

Meteor Photography: This can be a most useful exercise. Some observers 
employ special all-sky cameras, in which a reflected version of the sky is sent to 
the camera. F·or novices, it would probably be easier to set up a wide angle lens 
about 90 degrees from the radiant. Or, try setting up such a lens directly at the 
radiant. Remember that you probably won't record any meteor fainter than stellar 
magnitude -1, depending to some extent on the speed of your film. 

Peter Manly of the Saguaro Astronomy Club in Phoenix has developed a promising 
meteor program for video cameras that have been augmented with image intensifiers. 
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Bright meteors are recorded; and of course, one can see immediately if the meteor 
was "captured" by the videocasette. A fine club project, especially since local 
television might be interested. But of course, it is expensive. 

Radio Observation: Certainly not a project for beginners, but something the 
Section would like to see developed. 

Telescopic Meteors: It has been theorized that some showers emphasize faint 
meteors that are not visible with the unaided eye, and that often the number of 
faint telescopic meteors does not increase during times of the popular showers. 
The literature is inconclusive in this regard, and the Section hopes to develop a 
program for observing telescopic meteors. 

Fireballs: Until the Section prepares a form for the accurate reporting of 
fireballs, remember that these need to be reported as carefully as possible. A 
fireball is defined as a meteor with a visual stellar magnitude of -2 or brighter. 

The above is an overview of the work of the A.L.P.O. Meteor Section. It is 
work that can be done alone or in groups, with a well-planned session or on the 
spur of a moment, and is an activity that can provide a real sense of fulfillment. 
Happy meteor watching! 

[The writer welcomes correspondence about meteors and the Meteor Section at 
this address: David H. Levy, Jarnac Observatory, Route 7, Box 414, Tucson, AZ 
85747.] 

GALILEAN SATELLITE ECLIPSE TIMINGS: 1975-1982 REPORT(continued) 

By: John E. Westfall, A.L.P.O. Assistant Jupiter Recorder, Eclipse Timings 

Note .Qy Editor: The first part of this article appeared in Journal ALPO, Vol. 
30, Nos. 3-4, pp. 45-53. A re-examination of that material may make the present 
installment of the article much more meaningful. In particular, the description on 
page 49 of the tables and graph for each satellite under "Format of Results" will 
apply to the tables for Europa, Ganymede, and Callisto in this issue. 

IV. EUROPA 

~ Europa: Astronomical Almanac Ephemeris 

Table ~ Europa ~ Coefficients of Determination and Regression 

D i s a p p e a r a n c e R e a p p e a r a n c e 

Appar. No. Ob. A B No.Ob. R2 A B 

1975176 
76177 
77/78 
78179 
79/80 
80/81 
81/82 

0( 0) 
15(15) .033 
25 (25) . 022 
22(22) .083 
23(23) .240* 
5( 5) .519 

20(20) .076 

+11~8±16~7 
-64.6±15.4 
-29.9±23.6 
+50.4±21.5 
+54.6±25. 1 
+46.6±20.8 

-119±178 
-105±148 
-373±277 
-535±208 
-344±191 
-402±330 

10( 10) . 167 
49(48) .232** 
44(44) .175** 
72(69) . 198** 

9( 9) .464* 
22(22) .328** 
21(21) . 111 

-176~2±33~7 +341±270 
-196.3± 6.6 +274± 74 
-203.6±13.8 +435±146 
-147.2± 7.8 +354± 86 
-138.0±27.7 +751±305 
-150.9±13.7 +489±157 
-156.5±11.5 +310±201 

Table ~ Europa ~ (Observed - Predicted) Residuals .Qy Aperture 

D i s a p p e a r a n c e R e a p p e a r a n c e 

Appar. 6 em. 10 em. 20 em. 6 em. 10 em. 20 em. 

1975/76 ±41~5 -119¥19s -142¥14s -159¥22s 
76/77 ±31~4 - 8¥17S 0¥ 9S + 6¥10S ±23.8 -151! 7 -169! 4 -183! 4 
77178 ±33.0 -82!12 -75! 7 -70! 9 ±39.7 -132±13 -160± 6 -182± 8 
78/79 ±43.5 -91±26 -67±11 -49±12 ±32.2 - 89± 8 -112± 4 -129± 5 
79/80 ±49.9 -37±19 - 3±11 +24±13 ±38.7 - 15±29 - 63±14 -100±16 
80/81 ±25.0 - 2±14 +20±12 +37±17 ±33.9 - 71±16 -102± 8 -126± 8 
81/82 ±41.5 -19±37 + 6±17 +26±10 ±26.0 -106±24 -125±12 -141± 6 
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Table J.i.,_ Europa ~ Orbital Residualsa 

~ Time Orbital Arc Kilometers Sig. 
1976177 - 92~zt 9~0 -0~108:!:0~011 -1266:!:124 ** 

77178 -134.1:!:10.3 -0. 157:!:0.012 -1842:!:141 ** 
78179 - 88.5:!:12.4 -0. 104:!:0.015 -1216:!:170 ** 
79/80 - 43.8:!:17.5 -0.051:!:0.021 - 602:!:240 * 
80/81 - 48.1:!:14.3 -0.056:!:0.017 - 661:!:196 ** 
81/82 - 55.0:!:11.9 -0.065:!:0.014 - 755:!:163 ** 

aoverall means not given because individual apparitions differ significantly 
from each other. 

Table .12.._ Europa ~ Estimated Diameters 

(D-R) Time D i a m e t e r (km.) 
Aoo9J::..,_ Difference Prelim. Corrected Diff. from Std. 

1976177 208:;;2 :!: 17:;;9 2860 :!: 246 2559 :!: 220 - 507 (-16.5 %)* 
77178 139.0 :!: 20.7 1909 :!: 284 1775 :!: 264 -1291 (-42. 1 %)** 
78179 117.2:!: 24.8 1610 :!: 341 1586 :!: 336 -1480 (-48.3 %)** 
79/80 188.4:!: 35.1 2588 :!: 482 2579 :!: 480 - 487 (-15.9 %) 
80/81 205.4 :!: 28.5 2821 :!: 391 2664 :!: 369 - 402 ( -13. 1 %) 
81/82 203.0:!: 23.8 2788 :!: 327 2405 :!: 282 - 661 (-21. 6 %)* 

Mean ------------ ---------- 2261 :!: 188 - 805 (-26.3 %)** 

fL._ Europa: E-2 Ephemeris 

Table~ Europa (E-2): Coefficients of Determination and Regression 

D i s a p p e a r a n c e R e a p p e a r a n c e 

Appar. No.Ob. R2 A B No.Ob. R2 A B 

1975/76 0( 0) 10( 10) . 157 -102:;;6±35:;;0 +341:!:279 
76177a 15( 15) . 113 + 77:;;8±16:;;5 +226:!:176 49(48) .500** -119.9:!: 4.6 +347:!: 51 
77178a 25(25) .000 + 97.5:!:13.7 + 10:!:131 44(42) .482** -130.2:!: 7.5 +479:!: 79 
78179 22(21) .306** +130.4:!:12.9 -436:!:150 72(66) .517** -110.6:!: 4.6 +425:!: 51 
79/80 23(21) .323* +119.9:!:13.3 -402:!:130 9( 9) .470* -124. 1:!:18.9 +518:!:208 
80/81 5 ( 5) .587 +134.3:!:24.3 -382:!:185 22 (22) . 270* -110.3:!:13.7 +423±156 
81/82a 20(20) .000 +106.0±20.5 + 10±325 21(21) .073 -113.5:!:11.4 +244±100 

aNote erroneous sign of~ for disappearance; see notes on Tables 17, 18, and 19. 

Table .11_,_ Europa (E-2): (Observed - Predicted) Residuals .Qy_ Aperture 

D i s a p p e a r a n c e R e a p p e a r a n c e 

Appar. SE 6 em. 10 em. 20 em. SE 6 em. 10 em. 20 em. 

1975176 ±43:;;0 - 46¥2os - 68¥14s - 85¥23s 
76177a ±31 :;;o +115¥17S +100¥ 9s + 89¥1os :!:16.5 - 63! 5 - 8s! 3 -103! 3 
77178a ±29.2 + 99!11 + 98! 6 + 98! 8 :!:21.3 - 52:!: 7 - 82:!: 3 -106± 4 
78179 :!:23.5 + 59:!:14 + 87:!: 6 +109:!: 7 ±18.3 - 41:!: 5 - 68:!: 2 - 89:!: 3 
79/80 :!:21.2 + 70:!: 9 + 86:!: 5 + 99:!: 6 :!:26.4 - 39:!:20 - 72:!:10 - 98±11 
80/81 :!:24.2 + 71:!:14 + 96:!:11 +115:!:16 :!:33.7 - 40:!:16 - 68:!: 8 - 89:!: 8 
81/82a :!:40.9 +108:!:36 +107:!:17 +106± 9 :!:25.8 - 74:!:23 - 89:!:11 -101± 6 

aAs noted in Table 16, the sign of ~ for disappearance is erroneous. Using the 
mean disappearance residual and the standard error, the mean aperture residuals for 
these apparitions are: 
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EUROPA: ORBITAL RESIDUALS BY APPARITION 
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Figure 8 

Table JJL.. Europa ~ Orbital Residuals 

iill.P§r_,_ Time Orbital Arc Kilometers Sig. 
1976/77a -21~1± 8~5 -0~024±0~010 -290±117 * 77!78a -16.4± 7.8 -0.019±0.009 -225±107 * 

78/79 + 9.9± 6.9 +0.012±0.008 + 136± 95 
79/80 - 6.2±10.5 -0.007±0.012 - 85±144 
80/81 +12.0±13.9 +0.014±0.016 +165±191 
81/82a - 3. 8±11. 7 -0.004±0.014 - 52±161 

----
Mean - 4. 3± 5.'i -o.oo5±o.oo6 - 59± 76 

aNote that these residuals are probably biased because of the erroneous sign 
for ~ in the disappearance column in Table 16. If the mean disappearance and 
reappearance residuals, not "corrected" for aperture, are used, the results for 
these three apparitions are: 
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1976177 + 1~5:!: 4~4 +0?002:!:0?005 + 21:!: 60 
77178 - 4.6:!: 3.6 -o.oo5±o.oo4 - 63:!: 49 
78/79 + 2.6:!: 5.4 +0.003:!:0.006 + 36:!: 74 

1976-82 
Mean + 2.5:!: 3.0 +0.003:!:0.004 + 34:!: 41 

Table J..Cl,_ Europa (E-2): Estimated Diameters 

(D-R) Time D i a m e t e r (km.) 
APPill:,_ Difference Prelim. Corrected Diff. from Std. 

1976/77a 197~7 :!: 17~1 2716 :!: 235 2431 :!: 210 - 635 (-20.7 %)** 
77178a 227.7 :!: 15.6 3128 :!: 214 2909 :!: 199 - 157 (- 5. 1 %) 
78/79 241.0 :!: 13.7 3310 :!: 188 3260 :!: 185 + 194 (+ 6.3 %) 
79/80 235.9 :!: 21.1 3240 :!: 290 3229 :!: 289 + 163 (+ 5.3 %) 
80/81 244.6 :!: 27.9 3360 :!: 383 3173 :!: 362 + 107 (+ 3.5 %) 
81/82a 219.5 :!: 23.5 3015 :!: 323 2600 :!: 279 - 466 (-15.2 %)* 

Mean ------------ ---------- 2934 :!: 143 - 132 (- 4.3 %) 

aThe diameters for 1976177, 1977178, and 1981/82 are possibly biased by the 
erroneous sign of fl. for disappearan"ce. Using only the three other apparitions 
( 1978/79, 1979/~0, and 1960/81), the mean diameter is 3221 :!: 25 km., differing from 
the standard by+ 155 km. (+ 5. 1%)*. 

This study's conclusions regarding Europa are less precise than for Io for 
three reasons. First, Europa undergoes eclipse disappearances and reappearances 
more slowly than does Io, resulting in more variation in Europa's timings (the mean 
standard error using the A.A. ephemeris was :!: 36 seconds, and was :!: 27 seconds with 
the E-2 ephemeris). Second, somewhat fewer total timings were made for Europa. 
Third, and most seriously, eclipse disappearances were under-observed--less than 
half as many disappearances as reappearances were timed. Thus, disappearance 
timings were the weak link in the analysis, which combines eclipse disappearance 
and reappearance timings. 

Because of these sources of error, the effect of aperture was statistically 
significant in only one-half ( 13 of 26) the cases (and in only one-quarter of the 
disappearance cases). Indeed, in three cases involving disappearance timings as 
compared with the E-2 ephemeris, the aperture coefficient, fl., was not only not 
significant but had the wrong sign (i.e., in the 1976/77, 1977/78, and 1981/82 
apparitions). This result implies the contradiction that eclipse disappearances 
occurred later when viewed with smaller apertures! Thus, for those apparitions for 
the E-2 ephemeris, Tables 17 and 18 give alternative results using the unweighted 
means of the disappearance and reappearance timings, rather than the regression 
model. These alternate results are felt to be more reliable and are used in Figure 
6, which graphs the observed deviations of Europa from each ephemeris by appari
tion. On this graph, the results for the 1976/77, 1977/78, and 1981/82 apparitions 
should be given less weight than for the other apparitions because the disap
pearance/reappearance-mean method makes no allowance for systematic differences 
between the two types of event. 

As was the case with Io, Europa's observed position was significantly "early" 
for every apparition as compared with the Astronomical Almanac predictions. Also 
as for Io, Europa's position never deviated significantly from the E-2 predictions, 
when the disappearance-reappearance-mean method was used for the 1976/77, 1977/78, 
and 1981/82 apparitions. Neither set of residuals showed a significant linear time 
trend, nor did the two sets have a significant correlation. Subjectively, there is 
a hint of a cyclical trend to the A.A.-residuals (with a minimum absolute residual 
in roughly 1979-81); but, given the uncertainty of the residuals for half the 
apparitions, this interpretation is dubious. 

When timing results were used to calculate Europa's diameter, both the A.A. 
and the E-2 disappearance/reappearance differences tended to underestimate the 
"true" (Voyager) value. However, only the A.A.-based mean was significantly in 
error. 
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V. GANYMEDE 

~ Ganymede: Astronomical Almanac Ephemeris 

Table ~ Ganymede ~ Coefficients of Determination and Regression 

D i s a p p e a r a n c e R e a p p e a r a n c e 

Appar. No.Ob. R2 A B No.Ob. R2 A B 

1976/77 37 (37) .351** +318~2:!:16~2 - 787:!:181 26(26) .408** -600~2:!:23~9 +1047:!:257 
7717'6 29(29) .242** +224.5:!:15.4 - 546:!:186 31( 30) .384** -452.0:!:13.4 + 579:!:139 
7'6179 36(36) .248** +213.2:!:15. 1 - 617:!:184 30(30) .046 -275.8:!:13.4 + 203:!:175 
79/80 10( 10) .757** +381. 3:!:37. 8 -1651:!:331 9( 9) .276 -190.3:!:27.9 + 505:!:309 
80/81 13( 13) .605** +351.6:!:15.1 - 671:!:164 7( 7) .382 -281.6:!:36.5 + 656:!:373 
81/82 23(23) .336** +450. 1:!:27. 6 -1248:!:383 15( 15) .210 -429.6:!:31.7 + 785:!:423 

Table ~ Ganymede ~ (Observed - Predicted) Residuals Qy Aperture 

D i s a p p e a r a n c e R e a p p e a r a n c e 

Appar. 6 em. 10 em. 20 em. 6 em. 10 em. 20 em. 

1976177 :!:48~4 + 189¥17S +239¥ 9s +279¥ 9s :!:61~5 -428¥25s -495¥13s -548¥ 14s 
77178 :!:40. 6 +135:!19 +170:! 9 +197:! 9 :!:36.7 -357:!13 -394:! 7 -423:! 8 
78179 :!:42. 9 +112:!:18 +152:!: 9 +182:!: 8 :!:35.3 -242:!:18 -255:!: 9 -266:!: 7 
79/80 ±so. 1 + 110:!:26 +216:!:16 +299:!:24 :!:45.'6 -108:!:31 -140:!:17 -165:!:17 
'60/81 :!:30.0 +242:!:17 +284:!: 9 +318:!: 9 ±53. 1 -174:!:37 -216:!:21 -256:!:26 
81/82 ±54.8 +356:!:39 +421:!:17 +471:!:13 :!:71. 1 -270:!:48 -323:!:25 -364:!:19 

Table 2£.,_ Ganymede ~ Orbital Residualsa 

~ Time Orbital Arc Kilometers Sig. 
1976177 -141~0:!:14~4 -0?082:!:0?008 -1534:!:157 ** 

77178 -113.8:!:10.2 -0.066:!:0.006 -1238:!:111 ** 
78179 -31.3:!:10.1 -0.018:!:0.006 - 340:!:110 ** 
79/80 + 95.5:!:23.5 +0.056:!:0.014 + 1039:!:256 ** 
80/81 + 35.0:!:19.8 +0.020:!:0.012 + 381:!:215 
81/82 + 58.4:!:21.2 +0.034:!:0.012 + 635:!:231 ** 

aOverall means not given because individual apparitions differ significantly from 
each other. 

Table £h Ganymede ~ Estimated Diameters 

(D-R) Time D i a m e t e r (km.l 
~ Difference Prelim. Corrected Diff. from Std. 

1976177 918~4 :!: 28~9 9989 :!: 314 6299 :!: 198 +1083 (+20.8 %)** 
77178 676.5 :!: 20.4 7358 :!: 222 6137 :!: 185 + 921 (+17.7 %)** 
78179 489.1 :!: 20.2 5320 :!: 220 5232 :!: 216 + 16 (+ 0.3 %) 
79/80 571.6:!: 46.9 6217 :!: 510 6076 :!: 498 + 860 (+16.5 %) 
80/81 633.2 :!: 39.5 6887 :!: 430 5605 :!: 350 + 389 (+ 7.5 %) 
81/82 926. 1 :!: 42.4 10073 :!: 461 6350 :!: 291 +1134 (+21. 7 %)** 

He an ------------ ---------- 5950 :!: 180 + 734 (+14.1 %)** 
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GANYMEDE: ORBITAL RESIDUALS BY APPARITION 
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Figure 9 

fl.,_ Ganymede: E-2 Ephemeris 

Table~ Ganymede (E-2): Coefficients of Determination and Regression 

D i s a p p e a r a n c e R e a p p e a r a n c e 

Appar. No.Ob. R2 A B No.Ob. R2 A B 

1976177 37(37) .414** +4361?7±151?0 - 834±168 26(25) .483** -4421?1±161?3 +822±177 
77178 29(29) .206* +328.9±17.3 - 554±209 31(30) .501** -333.3±13.4 +733±138 
78179 36(36) .262** +267. 3±17. 9 - 758±218 30(30) .024 -252.5±12.8 +137±167 
79/80 10(10) .349 +292. 6±51. 8 - 940±454 9( 9) .521* -271. o±21. o +641±232 
80/81 13( 13) .533** +319.8±22.6 - 869±245 7( 7) .544 -326.2±27.3 +703±288 
81/82 23(23) .336** +450. 1±27.6 -1248±383 15(15) .210 -429. 6±31. 7 +785±423 
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Table ili Ganymede ( E-2) : CO bserved - Predicted) Residuals !lY Aoerture 

D i s a p p e a r a n c e R e a p p e a r a n c e 

Appar. 6 em. 10 em. 20 em. 6 em. 10 em. 20 em. 

1976177 !44~8 +300*16s +353* as +395* 9s !41~9 -307*17s -360* 9s -401*10s 
77178 !45.6 +238!21 +273!10 +301!10 !36.7 -213!13 -260! 7 -297! 8 
78179 !50.9 +143!22 +192±10 +229!10 ±33.7 -230±17 -239± 8 -246± 7 
79/80 ±68.6 +138!35 +199±22 +246±33 ±34.4 -166±24 -207±13 -239±13 
80/81 ±45. 1 +175±25 +233±14 +276±14 !46.0 -209±32 -256±19 -291±19 
81/82 !55.5 +246±40 +325±18 +388±13 ±69.3 -301±47 -351!24 -390±19 

Table ~ Ganymede (E-2): ~ Residuals 

Appar. T" Orb;i,l;;al Arc KilQ!!l!ilters Sig. 
1976177 2W±11~1 -0~002±0~006 - 29±121 

77178 - 2.2±10.9 -0.001!0.006 - 24!119 
78179 + 7.4±11.0 +0.004±0.006 + 80±120 
79/80 + 10.8±27.9 +0.006±0.016 + 117±303 
80/81 - 3.2±17.7 -0.002!0.010 - 35±193 
81/82 + 10.3!21.0 +0.006!0.012 + 112!228 

Mean + 3.4± 2.8 +0.002±0.002 + 37± 30 

Table ?L.. Ganymede (E-2 l: Estimated Diameters 

(D-R) Time Diameter (km.) 

~ Differ~nQ~ Pr~J,;!.m. Correct~g Diff. from Std. 

1976177 878~7 ± 22~1 9558 ± 240 6027 ± 151 + 811 (+15.5 %)** 
77178 662.2 :t 21.9 7203 :t 238 6008 ± 199 + 792 (+15.2 %)** 
78179 519.8 ± 21.9 5654 ± 238 5561 ± 234 + 345 (+ 6.6 %) 
79/80 563.6 ± 55.8 6130 ± 607 5991 ± 593 + 775 (+14.9 %) 
80/81 646.0 ± 35.5 7027 :t 386 5719 ± 314 + 503 (+ 9.6 %) 
81/82 879.7 :t 42.0 9568 :t 457 6032 ± 288 + 816 (+15.6 %)** 

Mean ------------ ---------- 5890 ± 82 + 674 (+12.9 %)** 

.Q.._ Ganymeg~: ~ 

The observational uncertainties for Ganymede are considerably greater than for 
Io or even Europa. First, due to Ganymede's large diameter and relatively slow 
orbital velocity, eclipse disappearances and reappearances are noticeably more 
prolonged than for the two inner Galilean satellites, which results in greater 
timing variations (the mean standard error in timing, using either ephemeris, was 
± 48 seconds). Second, somewhat fewer total timings were made for Ganymede, al
though these were fairly well balanced between disappearance (56 percent) and 
reappearance (44 percent). Unfortunately, timings of Ganymede were sparse for the 
1979/80 and 1980/81 apparitions. The final contribution to uncertainty is the fact 
that Ganymede can enter Jupiter's shadow quite obliquely, with a maximum jovicen
tric latitude of 53° (cosine = 0.602). 

In spite of these difficulties, the effect of aperture was statistically 
significant in 16 of the 24 cases studied (11 of the 12 disappearance cases, and 5 
of the 12 reappearance cases). The sign of the aperture coefficient, li, was as 
expected in all cases. The observed deviation of Ganymede from each of the two 
ephemerides, by apparition, is graphed in Figure 9. 

In five of the six apparitions, Ganymede's observed position differed 
signficantly from The Astronomical Almanac predictions; it never differed from the 
E-2 predictions. The (observed - predicted) residuals for the E-2 ephemeris had no 
significant linear time trend; neither did the two sets of residuals have a 
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significant correlation between themselves. On the other hand, the residuals of 
Ganymede from The Astronomical Almanac predictions did show a significant time 
trend (at a 5 percent confidence level), which has been added to the graph on 
Figure 9. This indicates that Ganymede was steadily dropping behind its predicted 
position at a rate of 44.9 :!:: 12.4 seconds per synodic period. Because Ganymede 
completes 55.75 revolutions per synodic period, this effect implies a sidereal 
orbital period ci'!81 ± cP.22 longer than that assumed in Jh:h A.A. ephemeris (which is 
presumably the one used by Sampson ( 1910, p. xii) of 7 3 42m 3~92). It must be 
stressed that this apparent linear trend, and modified sidereal revolution period, 
applies only to the period of this study, and probably is a portion of a long-term 
cyclical trend. Were the linear trend extrapolated backward in time to the period 
when the observations on which Sampson's tables were based were made (1878-1903), 
there would have to be an error of 1.1 :!:: 0.3 hours in the original timings! 

When Ganymede's diameter was calculated from the timing results, both the A.A. 
and E-2 disappearance/reappearance differences consistently overestimated this 
quantity. This result is in contrast with most of the diameters derived for Io and 
Europa and may be due to penumbral illumination of Ganymede's limb after central 
(theoretical) disappearance and prior to central reappearance. 

VI. CALLISTO 

~ Callisto: Astronomical Almanac Ephemeris 

Table ~ Callisto ~ Coefficients of Determination and Regression 

D i s a p p e a r a n c e R e a p p e a r a n c e 

Appar. No.Ob. R2 A B No.Ob. R2 A B 

1977/78a 7( 7) . 128 +261~3±369~6 +4005±4666 
78/79 21(21) . 131 + 81.6± 46.2 -1026± 608 
79/80 9( 9) .744** +222.6± 24.3 -1251± 277 

2( 0) 
31(31) 
12( 12) 

.424** -462~3±30~9 +1592±345 

.649** -347.8±43.3 +2385±555 

a1977/78: The sign for~ is erroneous for disappearance. For reappearance, 
regression could not be employed because there were only two timings, both with the 
same aperture. The mean (observed - predicted) residuals for disappearance and 
rappearance were +552~7 ± 142~8 and -816~5 ± 203~5 respectively. 

Table ~ Callisto ~ (Observed - Predicted) Residuals Qy Aperture 

D i s a p p e a r a n c e R e a p p e a r a n c e 

Appar. 6 em. 10 em. 20 em. 6 em. 10 em. 20 em. 

1977/78a ±386~3 +918¥450s +662¥194s +462¥181s 
78/79 ± 95.5 - 87! 62 - 21! 29 + 30! 23 
79/80 ± 33.7 + 17± 26 + 97± 13 +160± 14 

-210¥32s -303¥15s -383¥17s 
+ 43!58 -109!29 -229!24 

a1977/78: As noted in Table 28, the sign of~ for disappearance is erroneous. Thus, 
the mean dissappearance residual of +553s± 143s should be applied to all apertures for 
disappearance. 

Table .3Q.._ Callisto ~ Orbital Residualsb 

Appar. 
1977/78a 

78179 
79/80 

Time 
-131~9±124~3 
-190.4± 27.8 
- 62.6± 24.8 

Orbital Arc 
-0~033±o~031 
-0.048±0.007 
-0.016±0.006 

Kilometers 
-1083±1021 
-1564± 228 
- 514± 204 

** 
* 

a1977/78: Unweighted mean of disappearance and reappearance 
besiduals. 
Overall means not given because individual apparitions dif

fer significantly from each other. 
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Table 31.,_ Callisto ~ Estimated Diameters 

(D-R) Time D i a m e t e r (km.) 

~ Difference Prelim. Corrected Diff. from Std. 

1977178a 1369~2 ±248% 11247 ±2042 5058 ± 918 + 168 (+ 3.4 %) 
78/79 543.9 ± 55.5 4468 ± 456 4318 ± 441 -572(-11.7%) 
79/80 570.4 ± 49.7 4685 ± 408 4163 ± 363 - 727 (-14.9 %) 

Mean ------------ ---------- 4513 ± 276 - 377 (- 7.7 %) 

a1977/78: Difference between disappearance and reappearance means. Were this 
apparition omitted, the overall mean diameter is 4240 ± 78 km., differing from 
the standard by -650 km. (-13.3 %). 

~ Callisto: E-2 Ephemeris 

Table~ Callisto (E-2): Coefficients of Determination and Regression 

D i s a p p e a r a n c e R e a p p e a r a n c e 

Appar. No.Ob. R2 A B No.Ob. R2 A B 

1977/78a 7( 7) .203 +591~1±364~4 +5191±4600 2( 0) ---------- --------
78/79 21(21) . 117 +350.8± 49.6 -1034± 653 31(31) .521** -358~0±25~8 +1621±289 
79/80 9( 9) .733** +409.5± 23.8 -1186± 271 12( 12) .749** -436. 1±30.9 +2163±396 

a1977/78: The sign for~ is erroneous for disappearance. For reappearance, regres
sion could not be employed because there were only two timings, both with the same 
aperture. The mean (observed - predicted) residuals for disappearance and 
reappearance were +986. 9 ± 14'1!2 and -70~0 ± 25~0 respectively. 

Table~ Callisto (E-2): (Observed- Predicted) Residuals Q[ Aperture· 

D i s a p p e a r a n c e R e a p p e a r a n c e 

Appar. 6 em. 10 em. 20 em. 6 em. 10 em. 20 em. 

1977/78a ±380~9 +1442¥444s +1110¥191s +851¥178s 
78/79 ±102.5 + 181! 67 + 247! 31 +299! 25 
79/80 ± 33.0 + 215± 26 + 291± 13 +350± 13 

- 92¥27s -196¥13s -277¥14s 
- 81!41 -220!20 -328!17 

a1977/78: As noted in Table 32, the si~n of B for disappearance is erroneous. Thus, 
the mean disappearance residual of +987 ± 147~ should be applied to all apertures for 
disappearance. 

Table~ Callisto· (E-2): Orbital Residuals 

~ 
1977/78a 

78/79 
79/80 

Time 
+ 134~4±145~1 
- 3.6± 28.0 
- 13.3± 19.5 

Orbital Arc 
+0?034±0~036 
-0.001±0.007 
-0.003±0.005 

Kilometers 
+1104±1192 
- 30± 230 
- 109± 160 

Mean + 39.2± 47.7 +0.010±0.012 + 322± 392 

a1977/78: Unweighted mean of disappearance and reappearance 
residuals. Were this apparition omitted, the overall means 
are: -8~4±4~8 -0?002±0?001 -69±39 km. 
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1.eQk 35.,_ Callisto (E-2): Estimated Diameters 

(D-R) Time D iameter (km.) 
Appar. Differenge PreJ.im. CQrr:~gteg Diff. from Std. 

1977178a 1668:;;9 ±290:;;1 13708 ±2383 6164 ±1Q72 +1274 (+26. 1 %) 
78179 708.9 ± 55.9 5823 ± 459 5627 ± 444 + 737 (+15. 1 %) 
79/80 845.6 ± 39.0 6946 ± 320 6172 ± 284 +1282 (+26.2 %)** 

---
Mean ------------ ---------- 5988 ± 180 +1098 (+22.5 %)* 

a1977/78: Difference between disappearance and reappearance means. Were this 
apparition omitted, the overall mean diameter is 5900 ±272 km., differing from 
the standard by +1010 km. (+20.7 %). 

h Callisl;Q: fu!!!lma.ry 

Callisto posed unique problems for this study. First, it underwent eclipses 
in only three of the seven apparitions, and only two of these were adequately 
observed. Second, this satellite often entered and left the shadow of Jupiter at 
very oblique angles (with a jovicentric latitude up to 74°; indeed, several 
observers reported the eclipse of February 12, 1978, as partial; Ashbrook 1978b, 
170). This last effect, combined with the large width of Jupiter's penumbra at 
Callisto (and possibly with the effect of Callisto's low albedo), created consi
derable scatter in the timings (the mean standard error using the A.A. ephemeris 
was ±71 seconds, and was ±64 seconds with the E-2 ephemeris). Particularly, the 
Qrbital residuals for the 1977/78 apparition are very uncertain. 

The effect of aperture was statistically significant in six of the ten cases 
studied. In two of the non-significant cases (disappearances with both ephemerides 
in 1977/78) the aperture coefficient, ~. had an erroneous sign. Thus, for that 
apparition, the unweighted mean disappearance and reappearance residuals have been 
used instead. Figure 10 shows the observed deviation of Callisto from each 
ephemeris. 

Very little can be concluded from Figure 10 because only three apparitions are 
represented and because one of those (1977178) has extremely large uncertainties. 
There is no sign of linear or other time trends, and no significant correlation 
between the two sets of residuals. Callisto was significantly "ahead" of The 
Asl;rQnQm;i,cal Almanag predictions in 1978/79 and 1979/80, but never differed 
significantly from the E-2 ephemeris. 

The diameters of Callisto that were derived from the eclipse observations 
tended to be too low when the A.A. ephemeris was used and too high when the E-2 
ephemeris was employed. One of the E-2 ephemeris-based diameters ( 1979/80) and 
also their mean were significantly too large. This result also occurred for 
Ganymede and is again possibly due to penumbral illumination. (The width of the 
Jovian penumbra at Callisto's distance from Jupiter is 69 percent of Callisto's 
diameter!) 

(to be continued) 

GALILEAN SATELLITE TRANSITS AND OCCULTATIONS: JANUARY - JUNE. 1984 

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 in 
planning to observe these phenomena, the table that follows on pages 116-118 gives 
the predicted Universal Times·(u.T.) of these events for the first half of 1984. 
Note that observed times may differ from those predicted by up to several minutes. 

The 585 times given here are based on a listing generously furnished by Prof. 
Paolo Gregorio of the Institute di Fisica Tecnica e Impianti 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 (assuming~T = +~) and have been rounded to 1 minute. 

Each entry in this table is arranged as follows: 

Satellite ("1" = lo, "2" =Europa, "3" =Ganymede, "4" = Callisto) and event 
type ("T" = transit, "0" = occultation, "i" = ingress, "e" = egress, 
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Figure 10 

"d" = disappearance, "r" = reap
pearance); 

Month number (2 digits) and 
day number (2 digits); 

Hour (2 digits) and minute (2 
digits), U.T. 

Generally, telescopes with 
apertures of 10 em. (4 in.) or 
greater are suitable for timing 
these events. For each event, 
observers are requested to time 
separately three phenomena to 1-
second precision: ( 1) first limb 
contact with Jupiter, (2) central 
contact (satellite bisected by 
Jupiter's limb), and (3) last limb 
contact. 

The year 1984 will be excep
tional in that Callisto will un
dergo transits and occultations 
for the first time since November, 
1980. Because these phenomena are 
unusual for this satellite, ob
servers are urged to time them at 
every opportunity. The dates on 
which these events occur in early 
1984 are: 

March 20 (Oc.), 28 (Tr.); 
April 6 (Oc.), 14 (Tr.), 

22/23 (Oc.); 
May 1 (Tr.), 9 (Oc.), 17 

(Tr.), 26 (Oc.); 
June 3 (Tr.), 11 (Oc.), 20 

(Tr.), 28 (Oc.). 

The occultation of March 20th 
and the transit of March 28th may 
be partial events, which are quite 
rare. If such is the case, the 
last ingress/disappearance con
tact, and the first egress/reap
pearance contact, will not occur; 
but the remaining contacts should 
be timed. Naturally, A.L.P.O. 
observers are encouraged to time 
events for all four satellites, 
and should contact the writer for 
observing forms convenient for 
recording and reporting their tim
ings. 

Observing Earth Satellites, by Desmond King-Hele. Van Nostrand Reinhold Company, 
135 West 50th Street, New York, NY 10020. 1983. Clothbound. 184 pages. Price 
$16.50. 

Reviewed by Ron Doel 

The Space Age began officially on October 4, 1957, with the launch of Sputnik 
1, which then White House Advisor, Clarence Randall, to his subsequent and enduring 
regret, termed "a silly bauble". Others, recognizing the military implications 
inherent in space satellites, quickly organized teams of observers who were 
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JOVIAN SATELLITE TRANSITS AND OCCULTATIONS, JANUARY - JUNE, 1984 

)Or ')101 0547 
10r 0101 1 Y+? 
1Ti 0102 o84o 
1Te 0102 1053 
2Ti 010? 1314 
21'e 0102 1546 
10r 0103 0813 
1Ti 0104 0311 
1Te 0104 0523 
20r 0104 1008 
3Ti 0104 1714 
3Te 0104 2002 
10r 0105 0243 
1Ti 0105 2141 
1Te 0105 2354 
2Ti 0106 0239 
2Te 0106 0511 
10r 0106 2114 
1Ti 0107 1611 
1Te 0107 1824 
20r 0107 2332 
30r 0108 1016 
10r 0108 1544 
1Ti 0109 1041 
1Te 0109 1254 
2Ti 0109 1605 
2Te 0109 1837 
10r 0110 1014 
1Ti 0111 0511 
1Te 0111 0724 
20r 0111 1256 
3Ti 0111 2140 
3Te 0112 0029 
10r 0112 o445 
1Ti 0112 2341 
1Te 0113 0154 
2Ti 0113 0530 
2Te 0113 0802 
10r 0113 2315 
1Ti 0114 1812 
1Te 0114 2024 
20r 0115 0220 
30r 0115 1444 
10r 0115 1745 
1Ti 0116 1242 
1Te 0116 1454 
2Ti 0116 1855 
2Te 0116 2127 
10r 0117 1215 

(see text on pages 114 and 115) 

1'ri 011S 071? 
1Te 0118 0924 
?Or 0118 1544 
3Ti 0119 0?06 
3Te 0119 0456 
10r 0119 o646 
1Ti 0120 0142 
1Te 0120 0354 
2Ti 0120 0819 
2Te 0120 1052 
10r 0121 0116 
1Ti 0121 2012 
1Te 0121 2224 
20r 0122 0508 
30r 0122 1911 
10r 0122 1946 
1Ti 0123 1442 
1Te 0123 1655 
2Ti 0123 2144 
2Te 0124 0016 
10r 0124 1416 
1Ti 0125 0912 
1Te 0125 1124 
20r 0125 1832 
3Ti 0126 0631 
10r 0126 0846 
3Te 0126 0922 
1Ti 0127 0342 
1Te 0127 0554 
2Ti 0127 1108 
2Te 0127 1341 
10r 0128 0316 
1Ti 0128 2212 
1Te 0129 0024 
20r 0129 0755 
30d 0129 2043 
10r 0129 2146 
30r 0129 2336 
1Ti 0130 1642 
1Te 0130 1854 
2Ti 0131 0033 
2Te 0131 0305 
10r 0131 1616 
1Ti 0201 1111 
1Te 0201 1324 
20r 0201 2119 
10r 0202 1046 
3Ti 0202 1055 
3Te 0202 1347 

1Ti 020) 051+1 
1Te 0?03 0754 
?Ti 0203 1356 
2Te 0203 1629 
10r 0204 0516 
1Ti 0205 0011 
1Te 0205 02?4 
?Or 0205 101+2 
10r 0205 2346 
30d 0206 0105 
30r 0206 0359 
1Ti 0?06 1841 
1Te 0206 2054 
2Ti 0207 0320 
2Te 0?07 0553 
10r 0207 1816 
1Ti 0208 1311 
1Te 0208 1524 
20r 0209 0005 
10r 0209 1246 
3Ti 0209 1517 
3Te 0209 1810 
1Ti 0210 0740 
1Te 0210 0953 
2Ti 0210 1643 
2Te 0210 1916 
10r 0211 0716 
1Ti 0212 0210 
1Te 0212 0423 
20r 0212 1328 
10r 0213 0145 
30d 0213 0525 
30r 0213 0820 
1Ti 0213 2040 
1Te 0213 2253 
2Ti 0214 0606 
2Te 0214 0839 
10r 0214 2015 
1Ti 0215 1509 
1Te 0215 1722 
20r 0216 0251 
10r 0216 1445 
3Ti 0216 1936 
3Te 0216 2230 
1Ti 0217 0939 
1Te 0217 1152 
2Ti 0217 1928 
2Te 0217 2201 
10r 0218 0914 

* * * * * 

1Ti 0?19 0408 
1Te 0219 0622 
?Or 0219 1fi13 
10r 0?20 0344 
30d 0220 091+4 
30r 02?0 1240 
1Ti 0?20 223!3 
1Te 0221 0051 
2Ti 0221 0851 
2Te 0221 1124 
10r 0221 2213 
1'ri 0222 1708 
1Te 022? 1920 
?Or 0223 0535 
10r 0223 1643 
3Ti 0223 2353 
3Te 0?24 0248 
1Ti 0?24 1137 
1Te 0?24 1350 
?Ti 0224 2213 
2Te 0225 0046 
10r 0225 1112 
1Ti.0226 0606 
1Te 0226 0819 
20r 0226 1857 
10r 0227 0542 
30d 0227 1400 
30r 0227 1658 
1Ti 0228 0036 
1Te 0228 0249 
2Ti 0228 1134 
2Te 0228 1407 
10r 0229 0011 
1Ti 0229 1905 
1Te 0229 2118 
20r 0301 0818 
10r 0301 1840 
3Ti 0302 0407 
3Te 0302 0703 
1Ti 0302 1334 
1Te 0302 1548 
2Ti 0303 0055 
2Te 0303 0328 
10r 0303 1310 
1Ti 0304 0804 
1Te 0304 1017 
20r 0304 2140 
10r 0305 0739 
30d 0305 1813 

assigned the duty of observing Sputnik and its later companions as they passed over 
the United States. Old photographs show Dr. J. Allen Hynek's Smithsonian Astrophy
sical Observatory "Moonwatch" teams seated before rows of tripod-mounted elbow-type 
instruments, staring intently into space, perhaps pondering humanity's entry into 
what President John F. Kennedy called "this new ocean." 

More than five thousand satellites now orbit our planet. They range from the 
Space Shuttles (which mingle with the pack for only brief intervals) to Russian 
Cosmos satellites, Agena upper stages, Seasats, and assorted space debris. As 
radar installations such as the military tracking facility in Boulder, Colorado, 
and land-based satellite cameras have steadily improved (Boulder is still keeping 
tabs on a now-orbiting camera lost by an astronaut during the Gemini program), the 
need for amateur observations to define better satellite appearances and orbits has 
largely decreased. Nevertheless, it is rewarding to see the majestic movement of 
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JOVlAN SATELLITE TRANSITS AND OCCULTATIONS, JANUARY - JUNE, 1984 (continued) 

Ylr 2112 
1Ti 02'53 
1Te O)OG 0446 
2Ti 030fi 1416 
2Te 0306 1649 
10r 0307 0208 
1Ti 0307 2102 
1Te 0307 2315 
20r 0308 1101 
10r 0308 2037 
3Ti 0309 0819 
3Te 0309 1116 
1Ti 0309 1531 
1Te 0309 1744 
2Ti 0310 0336 
2Te 0310 0610 
10r 0310 1506 
1Ti 0311 1000 
1Te 0311 1213 
20r 0312 0021 
10r 0312 0936 
30d 0312 222) 
30r 0313 0123 
1Ti 0313 0429 
1Te 0313 064.2 
2Ti 0313 1656 
?Te 0313 1930 
10r 0311+ 0404 
1'ri 0314 225R 
1Te 0315 0111 
?Or 0315 1341 
10r 0"\15 2233 
31'i 031h 1227 
3'l'e 0316 15?5 
1Ti 031h 
1Te 0:"1( 1 
2Ti 'J)17 '1(1( 
2 Te U"'i17 Oc%9 
10r •J317 170.2 

1T1 llo18 115(, 
1Te 0'!1": ''+CJ'! 
?Or o:.N 030.2 

10r 0]1) 11)1 
'!Od (J'S~·~) (J.??CJ 

(see text on pages 114 and 115) 

?'ri 0320 1931+ 
2Te 0320 2208 
10r 03?1 0600 
1Ti 0322 0054 
1Te 0322 0307 
20r 0322 1621 
10r 0323 0028 
3Ti 0323 1633 
1Ti 03?3 1922 
3Te 0323 1932 
1're 0323 2136 
2Ti 0324 0853 
2Te 0324 1127 
10r 0324 1857 
1Ti 0325 1351 
1Te 0325 1604 
20d 0326 0304 
20r 0326 0540 
10r 0326 .1326 
30d 0327 0632 
1Ti 0327 0820 
30r 0327 0933 
1Te 03?7 1033 
2Ti 0327 2211 
2Te 0328 0045 
10r 0328 0754 
4Ti 0328 1910 
I1Te 0328 2021 
1Ti 0329 0248 
1Te 0329 0501 
?Od 0329 1622 
?Or 0329 1858 
10r 0330 0223 
3Ti 0330 2035 
1Ti 0330 2117 
1Te 0330 2330 
3Te 0330 2334 
?Ti 0]31 1128 
2Te 0331 1402 
10r 0331 2051 
1Ti 0401 1545 
1Te 0401 17 5•S 
?Od o4o2 os·4o 
?Or 0402 C817 
10r 0402 1519 
1Ti 0403 1013 
)Od 0403 103? 
1Te nlf'J) 12?7 
"Or 'J4T;. noi+ 

?Ti o4o4 oo1+5 
2Te 0404 0319 
1 Or 0401+ 0948 
1Ti 0405 0442 
1Te 0405 0655 
20d 0405 1857 
20r 0405 2134 
10r 0406 0416 
40d 0406 0538 
40r 0406 0713 
1Ti 0406 2310 
3Ti 0407 0032 
1Te 0407 0124 
3Te 0407 0332 
2Ti 0407 1402 
2Te 0407 1636 
10r 0407 2244 
1Ti 0408 1738 
1Te 0408 1952 
20d 0409 0814 
20r 0409 1051 
10r 0409 1712 
1Ti 0410 1206 
1Te 0410 1420 
30d 0410 1427 
30r 0410 1730 
2Ti 0411 0318 
2Te 0411 0552 
10r 0411 1140 
1Ti 0412 0634 
1Te 0412 o81+8 
20r 0413 0008 
10r 0413 0608 
1Ti 0414 0102 
1Te 0414 0316 
3Ti 0414 0425 
3Te 0414 0726 
4Ti 0414 1250 
4Te 0414 1422 
2Ti 0414 1633 
2Te 0414 1907 
10r 0415 0036 
1Ti 0415 1930 
1'Te 0415 ?11f4 
?Or 0416 1324 
10r 0416 1904 
1Ti 0417 1358 
1Te 0417 1flV 
'500 01+17 1il19 

* * * * * 

30r 0417 2122 
2Ti 0418 0548 
2Te 0418 0822 
10r 01118 1332 
1Ti 0419 0826 
1Te 0419 1040 
20r 0420 0240 
10r 0420 0759 
1Ti 0421 0254 
1Te 0421 0508 
3Ti 0421 0814 
3Te 0421 1115 
2Ti 0421 1902 
2Te 0421 2136 
10r 0422 0227 
1Ti 0422 2121 
40d 0422 2253 
1Te 0422 2335 
40r 0423 0042 
20r 0423 1555 
10r 0423 2054 
1Ti 0424 1549 
1Te 0424 1803 
30d 0424 2205 
30r 0425 0109 
2Ti 0425 0816 
2Te 0425 1050 
10r 0425 1522 
1Ti 0426 1017 
1 Te 01+26 1230 
20r 0427 0509 
10r 0427 0949 
1Ti 0428 0444 
1Te 0428 0658 
3Ti 0428 1159 
3Te 0428 1501 
2Ti 01128 2129 
2Te 0429 0003 
10r 0429 0417 
1Ti 0429 2312 
1Te 0430 0126 
20r 0430 1823 
10r Oi+30 2244 
4Ti 0501 0537 
4Te 0501 0722 
1Ti 0501 1739 
1Te 0501 1953 
30d 0502 0147 
30r 0502 0451 

an Earth satellite through the night sky, and knowing something about what one is 
watching makes the event more pleasurable. 

Desmond King-Hele's Observing Earth Satellites presents an engaging and up-to
date account of this relaxing pastime. King-Hele, a Fellow of Britain's Royal 
~ociety and a prolific satellite observer in his own right, surveys what amateurs 
need to know and to do in order successfully to watch Earth's myriad artificial 
companions. He provides helpful guidance at each step of the way. His chapters 
flow in a logical progression; beginning with a brief but intriguing introduction 
to t.arth satellites in "Traffic in the Sky," King-Hele treats in turn visual 
observing techniques, photographic methods, and, for the more advanced and weal
thier, an introduction to satellite detection by radar. As one would expect, he 
concentrates solely on satellites found in low to medium altitude Earth orbits; 
discussions of other objects--including our only known natural satellite, the 
Moon--are not included. 
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(see text on pages 114 and 115) 

2Ti 0502 1041 1Ti 0517 1542 20r 0601 1706 1Te 0616 1925 
2Te 0502 1316 1Te 0517 1757 10r 0601 1844 3Ti 0617 1216 
10r 0502 1711 4Ti 0517 2130 1Ti 0602 1341 2Ti 0617 1340 
1Ti 0503 1206 4Te 0517 2321 1Te 0602 1556 3Te 0617 1520 
1Te 0503 1421 20r 0518 1225 3Ti 0603 0537 2Te 0617 1616 
20r 0504 0736 10r 0518 1513 3Te 0603 0841 10r 0617 1638 
10r 0504 1138 1Ti 0519 1009 2Ti 0603 0911 1Ti 0618 1136 
1Ti 0505 0633 1Te 0519 1223 2Te 0603 1146 1Te 0618 1351 
1Te 0505 0848 3Ti 0519 2247 4Ti 0603 1233 20r 0619 1048 
3Ti 0505 1539 3Te 0520 0150 10r 0603 1310 10r 0619 1104 
3Te 0505 1841 2Ti 0520 0436 4Te 0603 1426 4Ti 0620 0258 
2Ti 0505 2353 2Te 0520 0711 1Ti 0604 0807 4Te 0620 0451 
2Te 0506 0228 10r 0520 0940 1Te 0604 1022 1Ti 06?0 0602 
10r 0506 0605 1Ti 0521 0436 20r 0605 0615 1Te 0620 0817 
1Ti 0507 0100 1Te 0521 0651 10r 0605 0736 2Ti 0621 0247 
1Te 0507 0315 ?Or 0522 0136 1Ti 0606 0233 30r 0621 0456 
?Or 0507 2050 10r 0522 0406 1Te 0606 0448 ?Te 0621 0523 
10r 0508 003? 1Ti 0522 2302 2Ti 0606 2219 10r 0621 0530 
1Ti 0508 1928 1Te 0523 0117 30r 0606 2219 1Ti 0(?2 0028 
1Te 050R 214:0 )Od 0523 1227 2Te 0607 0054 1Te O'i22 0243 
'\Od 0509 30r 0523 1531 10r 0607 0202 20r 062:0 2356 
~Or osng ~Ti 0523 17115 1Ti 0607 2100 10r 0(,>,0 235h 
?Ti 1305 2'Te 0523 2021 11'e 0607 2314 1Ti 06?3 1851+ 
40i {}519 15~Lt 10r 0523 2233 ?Or 060?, 1923 1Te 0623 2109 
?Te '509 19+0 1Ti 05"4 1729 10r 0608 2029 3Ti 0624 1534 
I10r l509 171J 1TA ')521+ 1943 1Ti 0(09 1526 ?Ti J6?4 1554 
10r 0509 1?.59 ?Or 0525 141+7 1Te 0609 1741 10r 06211 1B-2? 
1Ti 0510 1;;55 10r 0525 1659 3Ti Ofl10 0858 0 Te 06?h 1830 
1Te 0510 1609 40d 0526 o641 2Ti 0610 11?6 3Te OC.21+ 1838 
"Or 0511 1002 40r 0841 3Te 0610 1202 1Ti 0625 1320 
10r 0511 1327 1Ti 1155 2Te 0610 1402 1Te 0625 1535 
1Ti 0512 0822 1Te 0526 1410 10r 0610 1455 10r 0626 1248 
1Te 051? 1036 3Ti 0527 0211+ 1Ti 0611 095? 20r 0626 1304 
)Ti 0512 1915 3Te 0527 0517 1Te 0611 1207 1Ti 0h27 074G 
3Te 0512 2218 2Ti 0527 0654 40d 0611 2124 1Te 0627 1001 
2Ti 0513 0216 2Te 0527 0930 40r 0611 2325 2Ti 0628 0500 
2Te 0513 0451 10r 0527 1125 20r 0612 0832 10r 0628 0714 
10r 0513 0753 1Ti 0528 0622 10r 0612 0921 2Te 0628 0736 
1Ti 0514 0248 1Te 0528 0836 1Ti 0613 0418 30r 0628 0812 
1Te 0514 0503 20r 0529 0356 1Te 0613 0633 40r 06?8 1341 
20r 0514 2314 10r 0529 0552 2Ti 0614 0033 1Ti 0629 0212 
10r 0515 0220 1Ti 0530 0048 30r 0614 0139 1Te 0629 0427 
1Ti 0515 2115 1Te 0530 0302 2Te 0614 0309 10d 0629 2325 
1Te 0515 2330 30r 0530 1856 10r 0614 0347 20d 0629 2333 
30d 0516 0857 2Ti 0530 2003 1Ti 0614 2244 1Ti 0630 283R 
30r 0516 1202 2Te 0530 2238 1Te 0615 0059 1Te 0630 2252 
2Ti 0516 1526 10r 0531 0018 20r 0615 2140 
2Te 8516 1881 1Ti 8531 1914 10r 0615 2212 
10r 0516 2046 1Te 0531 2129 1Ti 0616 1710 

* * * * * 
King-Hele's book contains a welcome number of interesting features. In addi

tion to the satellites themselves, he describes conditions which influence them, 
including the irregular shape of the Earth--which is reflected in a satellite's 
orbital speed and height--and goes on to provide a short but helpful guide to the 
environment of space, portraying our magnetosphere and the solar wind. His eye for 
engaging detail is good: we learn, for example, that fragments from Sputnik 4 
landed, of all places, on the roof of the Lutheran Church in Manitowoc, Wisconsin. 
The photographs chosen by King-Hele are among the book's strong points, illustrat
ing such diverse subjects as a Skylab fragment discovered on the Australian out
back, Soviet and American launch vehicles, and the current generation of U.S. Air 
Force satellite tracking cameras. 

There are few concerns to report. Most readers will forgive the fact that 
King-Hele, a British writer, has made the British Isles his point of reference in 
numerous line illustrations of satellite orbits. A possibly more serious matter is 

118 



that at times he provides troublingly brief explanations for several technical 
diagrams designed to ease observations, which amateurs with little mathematical 
background or inclination may find more than a moderate challenge. King-Hele's 
clearly written (though occasionally facile) narrative largely compensates for such 
occasional ambiguities, however; and those interested in the topic will find his 
appendix on observable satellites and suggestions for further reading helpful. 

"lf the night is fine and dark," writes King-Hele, "and not too cold, why not 
go out and sit in a deck-chair, and look up at the sky?" Planetary observers often 
find themselves crammed into postures desk-chairs cannot accommodate; but when one 
finds the need or the inclination to relax and to appreciate a different kind of 
beauty than that revealed through the eyepiece, the above might well be a welcome 
invitation. 

* * * * * 

Black Holes. White Dwarfs and Neutron Stars: The Physics of Compact Objects . 
.Stuart L. Shapiro and Saul A. Teukolsky. ~ John Wiley and Sons, Inc. Cloth
bound. Price $39.95. 

Reviewed by David D. Meisel 

Two Cornell University professors have collaborated to provide a unified 
treatment of subject matter that until now was scattered throughout the astrophy
sics literature. Although all modern astronomy texts mention the qualitative 
properties of "collapsed" objects--white dwarfs, neutron stars, and black holes-
this is the first book to summarize well both the observational and theoretical 
work upon which elementary treatments are based. The Physics of Compact Objects 
represents a timely quantitative synthesis of nuclear physics, plasma physics, and 
general relativity and as such is not intended for the general reader. However, 
physicists and astrophysicists (and their graduate students)--particularly those 
whose formal training terminated before the "pulsar" era--will find in this one 
volume a coherent and enjoyable treatment of the topics necessary to bring one's 
knowledge of classical stellar structure and evolution up to date. This volume 
should become a classic and earn a place next to M. Schwartzschild's Structure and 
Evolution of the Stars. 

* * * * * 

Pocket Computer Programs for Astronomers, by Fred Klein. Klein Publications, 12225 
Magdalena, Los Altos, California 94022. 100 pages; 13 programs. 1983. Price 
$12.95 plus $1.00 postage. 

Reviewed by John E. Westfall 

If you are an amateur astronomer and have a Radio Shack TRS-80 or Sharp PC-
1211 pocket computer, this book should be useful to you. In fact, if you don't 
have a computer, this is an incentive to purchase one of these relatively inexpen
sive units. To use this book's programs, you do not have to be a programmer 
because you can key in the programs directly from the listings provided (you can 
even avoid this step by purchasing a tape cassette of the programs; price not 
stated). 

Those possessing other computers should be able to translate the programs into 
their dialect of BASIC, aided by the "step-by-step internal procedures" (annotated 
listings) given. The programs are very compact and memory-efficient, designed to 
fit in 1.6 kilobytes of memory. To do this, several programs are actually divided 
into several subprograms, segmenting the data. Input instructions and output 
labels and format are terse. The "graphics" output for programs JUPSAT, PLANET1, 
and SATSAT is quite crude (24 horizontal elements on one line). Thus, numerous 
refinements will be possible if converting to a larger machine. On the other hand, 
conversion will be made more difficult because the BASIC used has several non
standard functions (degree arguments for trigonometric functions, arcsine, and 
arcosine, and degree-minutes-seconds conversions). 

Several sample runs of each program are provided, along with fairly comprehen
sive instructions. The accuracies of the outputs are usually stated, at least 
approximately, and, for the positional programs, appear adequate for identifying 
objects (with the exceptions of Uranus and Neptune). The algorithms for orbital 
motions usually omit higher-order terms so that accurate use is restricted to a few 
centuries on either side of 1900. 

119 



The thirteen programs included are: 
ALTAZ--two-way conversion between altitude/azimuth and right ascension/decli

nation (astronomical). Useful for setting altazimuth telescopes (e.g., 
Dobsonians), this program includes the coordinates of 6 bright stars and 110 Mes
sier and 24 other objects (using 1950.0 coordinates). 

ASTEROID--calculates geocentric and heliocentric positions (equinox 1950.0) of 
asteroids. The user either may input the current orbital elements or may select 
the stored elements of Asteroids 1-20. Output is either for a selected E.T. 
date/time or for a series of dates/times with the increment and the starting 
date/time specified. The accuracy, given good elements, is "within a few arc 
minutes or less." 

BINARY--provides the separation and position angle for a double star after the 
user inputs its seven orbital elements. Output is either for a specified decimal 
year or is a series of values at a specified interval given a starting year. 
Orbital elements for 28 bright short-period binaries are part of the program. 

COMET--generally similar to ASTEROID. The user inputs six orbital elements 
for a comet or other high-eccentricity object. The elements of 15 short-period 
comets are part of the program. 

COORDS--a general coordinate-conversion program. The two-way conversions 
available are astronomical-horizon, astronomical-ecliptic, and astronomical-galac
tic. Also in the output are sidereal time and approximate rising/setting times 
(not allowing for refraction). Except for the latter, the conversions appear 
accurate to an arc second for current dates. 

DAYCALC--performs two-way calendar/Julian Day conversion, calculates the num
ber of days between two dates, a date which is a specified interval into the 
future, or, for a periodic phenomenon, the date, elapsed days, cycle number, and 
phase. 

JUPSAT--provides a linear graphic display of the positions of Jupiter's four 
major satellites. The accuracy is sufficient for identification purposes except 
when two or more satellites have approximately the same E-W position. 

MOON--this program provides the age and astronomical coordinates of the Moon 
and the dates/times of New, First Quarter, Full, and Last Quarter phases. The age 
and phase date accuracy is about ±0.02 days, with positions accurate to 1-2 arc 
minutes for current years. (Positions are geocentric and will differ by up to 1 
degree for the observer's location.) 

PLANET 1--produces a linear graphic display of the positions of the Sun, the 
vernal equinox, and the naked-eye planets along the ecliptic. The longitude reso
lution is 15 o, with "+" indicating when two or more objects are in the same 15° 
cell. Output is either for a selected date, or for a series of dates, with a 
specified starting date and increment. 

PLANET2--computes astronomical coordinates of the Sun and the planets, exclu
ding Pluto. The stated errors are: Mercury, "several seconds of arc"; Mars, 
"occasionally an arc minute"; Jupiter, 1 0'.; Saturn, Uranus, and Neptune, 30 '. 
Errors increase if we are more than a few centuries before or after 1900. 

SATSAT--generally similar to JUPSAT, providing the positions of Enceladus, 
Tethys, Dione, Rhea, Titan, and Iapetus in the form of a linear 24-element graph. 
The output has two scales; "inner" shows all of Rhea's orbit, while "outer" shows 
all of Iapetus'. One may output a series of graphs, beginning at a specified 
date/time and continuing a specified number of intervals per day for a specified 
number of days. The program's output is usually adequate for identification pur
poses, although its ignoring inclination to the Earth is a more serious limitation 
than with JUPSAT. 

SCOPE--computes magnification, exit pupil diameter, and field of view for your 
eyepiece and telescope. For astrophotography, the program computes exposure times, 
effective focal ratios, and image scales. The exposure times thus found will be 
quite approximate because the user must look up in a table the "brightness values" 
of particular objects, which are at best averages and which incorporate reciprocity 
failure imperfectly (i.e., reciprocity failure actually depends on the film and the 
exposure time, not on the object itself). 

STARPOS--computes a star's current position taking into account precession, 
nutation, aberration, and proper motion. Data are entered for an epoch year and 
then are output corrected for a specified date. The accuracy appears to be within 
an arc second, although the author is optimistic in claiming such accuracy for up 
to "a couple thousand years before or after 1900." 

Typographic errors occur in the listings for DAYCALC and PLANETI, and in the 
"internal procedures" for ASTEROID, COMET, JUPSAT, MOON, PLANET1, PLANET2, and 
STARPOS. These are corrected in the errata sheet that should accompany the book. 
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Naturally, some of the information the programs provide can be found in other 
computer programs (e.g., Celestial BASIC by Eric Burgess) or in astronomical alma
nacs, handbooks, or magazines. A.L.P.O. members will thus probably find ASTEROID 
and COMET the most useful programs, followed perhaps by JUPSAT, MOON, PLANET1, 
PLANET2, and SATSAT (not in any particular order). If you have a pocket computer, 
this book would be worth obtaining. If you have a larger computer, it might still 
be worthwhile to buy it, and to convert the programs of most use to you. 

NEW BOOKS RECEIVED 

The Planet Venus, by Garry E. Hunt and Patrick Moore. Faber and Faber 
Publishers, 39 Thompson Street, Winchester, MA 01890. 1982. 207 pages. 
Hardbound. Price $22.00. Notes by J. Russell Smith. 

Here is an interesting book on our nearest planet, which is sometimes 
considered to be the Earth's twin. The chapters are as follows: The "Evening 
Star", Venus as g_ World, The Movements of Venus, Early Telescopic Views of Venus, 
Venus in the Twentieth Century: Observational Results, Venus in the Twentieth 
Century: Spectroscope and Theory, The Ashen Light, The Phantom Satellite, Transits 
and Occulatations, Rockets to Venus, The Atmosphere of Venus, The Surface of Venus, 
The Interior of Venus, and Conclusion. 

Following the Conclusion, one finds the following Appendices: 1. Numerical 
Data, 2. Estimated Rotation Periods, 3. Con junctions and Elongations, 1980-2000, 
and 4. Venus Through the Telescope: Methods of Observation. These are followed by 
References, Subject Index, and Name Index. 

* * * * * 

Realm of the Long Eyes, by James E. Kloeppel. Univelt Inc., P.O. Box 28130, 
San Diego, CA 92128. 1983. 136 Pages. Paperbound. List price is $15.00. 
However, the company is making a special price of $8.50 plus $1.00 postage to 
readers of our Journal of the A.L.P.O. Notes by J. Russell Smith. 

The author of this well illustrated book covers the subject with the following 
topics: 1. Vision of g_ National Observatory, 2. Site Selection, 3. The Sacred 
Mountain of the Papago Indians, 4. Site Development, 5. Early Telescopes and Faci
lities, 6. The 84-inch Telescope, 7. The McMath Solar Telescope, 8. Kitt Peak and 
the United States Space Program, 9. The Nicholas Q,_ Mayall 158-Inch Telescope, 10. 
Other Astronomical Facilities, 11. Maintenance, 12. Use of the Observatory, and 13. 
Reference Notes. 

There is a suitable Index. 

* * * * * 

The Moment of Creation, by James S. Trefil. Charles Scribner's Sons, 597 
Fifth Avenue, New York, NY 10017. 1983. 234 pages. Price $15.95, hardcover. 
Notes by J. Russell Smith. 

The author is well qualified to write on this subject. If you are interested 
in this type of work, you will enjoy reading this book. The author treats his 
subject in the following topics: 1. The Ng_ Bang, 2. The lli_ of the Universe, 3. 
Problems with the Ng_ Bang Theory, 4. Elementary Particles and Quarks, 5. The 
Fundamental Forces, 6. The First Modern Unification, 7. The Grand Unification, 8. 
The Decay of the Proton, 9. The Moment of Creation, 10. Inflation, 11. Solving the 
Problems of the ill£_ Bang, 12. The Search for Relic Particles, 13. Beyond the Planck 
Time: Asking the Ultimate Questions, and 14. The Fate of the Universe. 

There is an Epilogue, a Glossary, and an Index. 

SAND, SEA, AND STARS: THE A.L.P.O. AT CONVENTION ~ 

By: Jos{ Olivarez 

The Association of Lunar and Planetary Observers held its 1983 Annual 
Convention in Jacksonville, Florida in conjunction with the 37th Annual Convention 
of the Astronomical League. The dates of the meeting were July 26-30, 1983. The 
hosts were the North East Florida Astronomical Society, a fifty-member Jacksonville 
based group, and the Ancient City Astronomy Club of St. Augustine, Florida. The 
Convention Chairman was Mr. Mike D. Reynolds of the North East Florida Astronomical 
Society; and the site was the Sheraton at St. John's Place, situated on the St. 
John's River. Special and very attractive room rates were in effect at the 
Sheraton with a modest room fee of $38.00 per night with up to four people in the 
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room. But with the several attractive Florida tours planned for "Convention '83" 
participants during the first two days (July 26-27), the attractive Sheraton rooms 
were probably little used by those who took the day-long tours to the Kennedy Space 
Center, Walt Disney World, and Epcot Center! 

Opening Session, July 28 

The Convention '83 meetings and papers sessions actually began on July 28 with 
an Opening Session that featured the chief invited speaker, former astronaut Thomas 
K. Mattingly, II. Captain Mattingly is best known as the Command Module Pilot on 
Apollo 16 and as the Commander of the final orbital test flight of the Space 
Shuttle Columbia. He spoke convincingly and authoritatively on behalf of the NASA 
space program--its past, present, and future. 

After Captain Mat tingly's speech and a subsequent session for a convention 
group photograph, the first scheduled paper session got underway at 10:45 a.m. with 
Richard A. Sweetsir presiding. At this session, the attending group heard about 
"The Pursuits of Amateur Astronomy" from Normal Sperling and about "The Great 
Upsilon Pegasid Fireball of August 19, 1982" from Harold R. Povenmire, author of 
the popular book, Fireballs. Meteors ~ Meteorites. The meeting broke for lunch 
at noon for a poolside barbecue and was followed by a visit to the display rooms 
which housed the A.L.P.O. Display, Astromart '83, and the astrophotography display 
entries. Among the highlights of the display areas were the A.L.P.O. Exhibit 
arranged by Dr. Julius Benton (which included several beautiful planetary drawings 
submitted by A.L.P.O. member Mark Daniels), and the offering of superb hand-made 
optics at Astromart •83 by Richard A. Fagin, of Miami, Florida. 

The afternoon session was chiefly devoted to a panel discussion on 
"Communicating Astronomy in the 80's", which included Walter H. Haas and Walter 
Scott Houston as two of the six panelists. Walter Houston also entertained and 
charmed his audience during the afternoon session with his "Confessions of a Would
Be Communicator". After the papers session ended at 4 o~lock, most of the 
conventioneers left for Hanna Park on Atlantic Beach for some sand, sea, and a much 
anticipated Florida Fish Fry. 

A.L.P.O. Session, July 29 

Friday, July 29 was the A.L.P.O. Day at Convention '83. The session began 
with an opening address by Dr. Alex G. Smith entitled "Hyper-Sensitization of Films 
for Astronomical Use" and was followed by a morning and afternoon session of 
A.L.P.O. papers. The papers' subject matter varied, but concentrated on observa
tional studies of the Moon, Mars, and Jupiter. (See "A.L.P.O. Papers Presented at 
Convention '83" attached to this report.) Of special interest were a paper by the 
new Solar Section Director Richard Hill (paper read by Walter Haas) on solar 
photographic procedures for A.L.P.O. observers, and Dr. Julius Benton's new lunar 
Selected Areas Program. However, the papers sessions at Convention '83 were easily 
dominated by the professional and prodigious work of A.L.P.O. observers Charles 
Capen, Don Parker, and Jeff Beish. They presented no less than six papers (see 
list) of the highest caliber and interest! Indeed, it is good to know that Mars is 
in the very capable hands of these enthusiastic observers! 

A special highlight of the A.L.P.O. Day at Convention '83 was the scheduled 
Noon A.L.P.O. Luncheon at which Dr. Thomas D. Carr was the main speaker. He spoke 
on "The Voyagers at Jupiter and Saturn". This was followed by another special--an 
A.L.P.O. Workshop--later in the afternoon. The workshop was organized by A.L.P.O. 
Associate Director John Westfall and featured techniques and hints for observing 
presented by Jos~ Olivarez (lunar and planetary drawing), Dr. Julius Benton 
(selected lunar areas observing), Charles Capen (planetary filter and photography 
techniques), Jeff Beish (computer applications), and John Westfall (lunar 
photometry) . 

The A.L.P.O. Workshop ended at 5 o'clock in the afternoon and was followed by 
an "on your own" supper until 8 o'clock, when an observing session was scheduled to 
occur at Olustee, Florida. 

A.L.P.O. Business Meeting, July 30 

Both the A.L.P.O. and the Astronomical League scheduled their business 
meetings for Saturday morning, July 30, with the meetings running consecutively. 
The A.L.P.O. meeting was held at approximately 11:30 a.m. and was chaired by 
Director Walter H. Haas. 
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Figure 11. Some of the A.L.P.O. staff members at Conven
tion '83. Left to right: Jos~ Olivarez, Training Pro
gram .kecorder; C.F'. Capen, Mars Recorder; and Walter Haas, 
Director and Editor. Photograph contributed by Jos~ Oll-
varez. 

Figure 12. Part of the A.L.P.O. Display at Convention 
'b3. Collected and arranged by Dr. Julius Benton. Photo
gr·aph contributed by Jose Olivarez. 

Director Haas re
ported that the 
A.L.P.O. membership as 
of July, 1983 was 680. 
He also reported that 
the cost of publishing 
the A.L.P.O. Journal is 
now about $1,350 per 
issue. This total in
cludes the expenditures 
for the printing, post
age, typing, mailing, 
and other minor ex
penses. In addition, 
Mr. Haas also noted 
that the income from 
the A.L.P.O. Journal is 
now less than $1,300 
per issue. 

In other business 
matters, help was of
fered by the Astronomi
cal League in mailing 
the A.L.P.O. Journal by 
generating the A.L.P.O. 
mailing lists/label 
with the Astronomical 
League computer'; and 
Associate Director John 
Westfall reported on a 
move to revise the 
A.L.P.O. Constitution 
to make it possible for 
the A.L.P.O. to get a 
second class or bulk 
rate mailing permit. 

Invitations for 
the A.L.P.O. to meet in 
1984 with the Astrono
mical League or the 
Texas Star Party were 
also considered. As
tronomical League Pre
sident, Mr. Jerry Sher
lin, invited the 
A.L.P.O. to meet with 
the League in Milwau
kee, Wisconsin on Au
gust 1-4, 1984; and Mr. 

George ellis invited the A.L.P.O. to meet with the Texas Star Party at the Prude 
hanch near Fort Davis on May 30-June 3, 1984. After these meeting invitations were 
considered by the members present, the majority voted to meet again with the 
Astronomical League, in Milwaukee. 

After the vote on the 1984 A.L.P.O. meeting place, several short section 
reports were presented by Dr. Julius Benton (Saturn and Venus Sections), Charles 
Capen (Mars Section), and John Westfall (Lunar Section). Walter Haas then reported 
on the new Meteor and Solar Sections. 

There being no further business after the conclusion of the Section Reports, 
Mr. Charles Capen moved that the 1983 A.L.P.O. Business Meeting be adjourned. 

Convention '83 Conclusion, July 30 

After the Astornomical League and A.L.P.O. Business Meetings concluded near 
noon on Saturday, a Deep Sky Workshop that included "Mr. Deep Sky" himself, Walter 
~ott Houston, was the first order of business after lunch. Walter Houston made 
this Workshop the most popular of the scheduled sessions, and it was ended after 
much enthusiasm and an extension of the alloted time to allow for a pressing log of 
papers which followed for the rest of the afternoon. 
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The main speaker at the concluding evening banquet was Mr. James E. Oberg, 
author of the books hed Star in Orbit, ~ Earths, and Missions to Mars. Mr. Oberg 
chose as his topic "Terraforming the Solar System" in which he detailed how we 
might one day re-form the surfaces and atmospheres of the planets into Earth-like 
environments. 

After Mr. Oberg's address, the Astronomical League - A.L.P.O. Convention '83 
officially ended, to reconvene again at Convention '84 on August 1-4, 1984. 

A.L.P.O. Papers Presented at Convention '83 

1. "Cometclysm-1983d" by Charles F. Capen and R. Capen. 
2. "how to Maximize Your Qualitative Observational Results During the Southerly 

Apparitions of Jupiter, Saturn, and Mars" by Jos(;· Oliverez. 
3. "The Occultation of 1 Vulpeculae by the Minor Planet Pallas" by W.T. Douglass, 

D.C. Parker, J.D. Beish, J.O. Martin, and D.R. Monger. 
4. "Jupiter's Satellite Phenomena: Why and How to Time Them" by Dr. John E. 

Westfall. 
5. "Dust Storms of the Martian Equatorial Zone" by Jeff Beish, Charles Capen, and 

fun Parker. 
6. "The Lunar Selected Areas Program: A New Beginning" by Dr. Julius Benton. 
7. "The Role of the Amateur in Jupiter Research" by Phillip Budine. 
8. "Bright Ideas: Some Suggestions on Solar Photographic Procedures" by Richard 

Hill. 
9. "Computer Programs for Martian Climatic Survey" by Jeff Beish, fun Parker, and 

Charles Capen. 
10. "Evidence for Active Vulcanism on Mars--Past and Present" by Charles F. Capen. 
11. "Measuring Planetary Surface Features with a Filar Micrometer" by fun Parker, 

Charles Capen, and Jeff Beish. 
12. "The 1981-1982 Aphelic Martian Apparition-A.L.P.O. Report" by Charles Capen, 

fun Parker, and Jeff Beish. 

Most of the above listed papers appear in complete or abstract form in the 
Proceedings of the ..311h Annual Convention Qf the Astronomical ~ and 
Association of Lunar and Planetary Observers. This publication is available at 
cost from the Astronomical League. 

NOTE ON THE A.L.P.O. TRAINING PROGRAM AND A DRAWING OF JUPITER 

The attention of our readers is invited to a drawing of Jupiter, Figure 13, 
submitted by Mr. JosE; Olivarez, our Lunar and Planetary Training Program Director. 
Mr. Olivarez writes that he would welcome correspondence from A.L.P.O. members who 

F'igure 13. Drawing of Jupiter by Jos6 
Olivarez on June 15, 1983, at 4hoiD, 
Universal Time. 25-cm. f 17 
reflector, 197X. Seeing 7 (scale of 0 
to 10 with 10 best), transparency 5 
(limiting stellar magnitude). CM (I) 
=59". CM (II) = 74°. 

would like to receive guidance from him on 
planetary drawing or planetary observing 
techniques. Successful students in the 
Training Program will have their drawings 
published in future issues of this Journal. 
Mr. Olivarez's address is given on the 
inside back cover of this issue. 

In the observing session which pro
duced Figure 13 the observer remarked: 
"The hed Spot looks like a small ellipse 
attached to the South Temperate Belt [upper 
left part of disc]. Note the three bright 
areas in the South Equatorial Belt zone. 
The middle of these three bright areas 
appeared like a round, white bright spot: 
it was the brightest spot on the planet. 
Note the very dark section of the South 
Equatorial Belt North. It was the darkest 
feature on the planet (along with the North 
Equatorial Belt South dark projection)." 

The nomenclature for the belts and 
zones of Jupiter used above may be found, 
among many places, in Figure 1 on page 222 
of Journal A.L.P.O., Vol. 29, Nos. 11-12. 
The famous Great Red Spot lies in the South 
Tropical Zone. 
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AN INDEPENDENT DlSCOVEBY OF COMET HARTLEY-IRAS, .l9.§3Y 

By: Gary Rosenbaum, Tucson, Arizona 

In the early evening hours of November 29, 1983, David Levy was out in his 
observatory, as usual doing his comet hunting, when after one hour and seven 
minutes of happily sweeping the skies with "Jupiter", his 16-inch telescope at 
Tucson, AZ, he came across a suspicious-looking object. Checking the object's 
position in relation to background stars and opening up the star atlas, he began 
checking for galaxies, star clusters, or other misleading objects. Not finding 
anything in his first atlas, he quickly checked another atlas, and then another. 
Then feeling his heart skip a beat and his stomach creeping up into his throat, he 
began to panic. After about an hour he went back to the eyepiece to check the 
object's position against the background stars. 

As he was trying to relocate the object with his Dobson telescope, the small 
12.5 stellar magnitude object came back into view. Star cluster? Galaxy? Hardly; 
the "galaxy" was moving! 

David made a quick call to Flagstaff, Arizona, to his friend Brian Skiff, who 
operates the 13-inch Pluto camera and who is often called upon by Dr. Brian Marsden 
at the IAU's Central Telegram Bureau to photograph and confirm possible new dis
coveries. Brian informed him that a comet discovered about one week earlier, and 
known as 1983v, Hartley-IRAS, was some 2 degrees away from David's observed posi
tion. However, the comet was supposed to be only 15.5 stellar magnitude! 

As it turned out, on November 29, 1983 David Levy made an "independent 
discovery" of a comet. Although the comet will not bear his name, David's observa
tion did help to rectify some faulty earlier data. First, the comet was somewhat 
off the position predicted by its earlier orbit. And second, David's observation, 
possibly the first visual one, found the comet to be at least three full magnitudes 
brighter than anyone had expected. After his several hundred hours of visual 
searching for new comets, a visual find, even a late one, of a twelfth magnitude 
comet is a remarkable achievement. 

OBSERVING MARS XI - THE ~ APHELIC APPARITION 

By: C.F. Capen, D.C. Parker, and J.D. Beish, A.L.P.O. Mars Recorders 

Abstract 

The 1984 Martian apparition geometric characteristics, seasonal aspects, and 
observational prospects which are important to the study of the atmospheric and 
surface changes on Mars are discussed. Useful graphs, charts, and a calendar of 
seasonal events are given for the planetary astronomer. The importance of future 
observation programs for the continued statistical study of Martian weather and 
climate employing computer programs is discussed. 

A.L.P.O. International Mars Observing Program 

The Red Planet has always fired the imagination ever since ancient Man saw the 
fiery-red star in the night sky. Today, the planetary astronomer using a moderate
size telescope finds Mars an intriguing, challenging, and dynamic world with the 
most Earthlike characteristics of any other planet in the Solar System: four 
seasons, global climates, changeable weather, storm clouds of water vapor, howling 
winds with dust, annual fluctuations of polar ice caps, and a variety of interest
ing and variable surface features. Probably because Mars has steep temperature 
gradients at surface feature boundaries, it has a very active atmosphere which 
exhibits many salient daily to weekly changes, as well as surface changes, which 
can be seen with the aid of color filters with small (15 to 20 em) or medium (25 to 
31 em) aperture telescopes. Also see reference 1. 

The A.L.P.O. Mars Section Program is an international cooperative effort by 
amateur and professional astronomers located around the world which allows a synop
tic surveillance of all Martian longitudes during a 24 to 48 hour period. The Mars 
Section Recorders coordinate and instruct observers in using similar observing 
techniques, color filters, and methods of reporting their data. Obtaining a homo
geneous data set aids greatly in its final interpretation and analysis with measur
ing grids and computers. Photographs, visual observations, and photometry of Mars 
are contributed monthly to the Mars Section on Standard Report Forms by individual 
astronomers, by members of professional observatories, by astronomical society 
planetary observing groups, and by international organizations, e.g.: Societe 
Astronomique de France, the Oriental Astronomical Association, and the British 
Astronomical Association. Refer to reference 2. For a detailed description of 
reporting observations see reference 3. 
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It is recommended that all planetary observers use at least a basic set of 
tri-color filters according to the instructions given in "Filter Techniques for 
Planetary and Lunar Observations", found in the A.L.P.O. Mars Observing Kit. A 
basic set consists of: Orange W-23A* or Red W-25, Green W-58, and Blue W-38 or W-
80A. Those with small telescopes with less than 15 ems. of aperture may find a 
yellow filter W-15 or W-21 to perform better than a deep red filter. Observers 
with medium size telescopes, such as a 15-cm. refractor or a 25-cm. or larger 
reflector, will find a violet filter W-47 most useful in order to bring out white 
clouds and limb hazes and to detect violet-clearing (blue-clearing). Photographs 
of Mars taken in blue or violet light and in yellow or red light are, indeed, most 
welcome for measurement and analysis. Refer to Figure 15. Please do not include 
several U.T. dates of observations on one report form because each observing time 
period is filed chronologically for each U.T. date for future reference and study. 

Mars 1984 Apparition Characteristics 

An apparition of a superior planet is astronomically defined as the total 
duration of useful observability from Earth before, during, and after opposition. 
When Earth overtakes and passes Mars in its orbit it places Mars opposite the Sun 
in the sky, the planet rising in the east as the Sun sets in the west. Each 
opposition occurs in a different part of the Martian orbit, with the opposition 
points rotating in a counter-clockwise direction around the Sun. Every 2 years and 
50 days, on the average, Mars arrives at opposition. A complete cycle of opposi
tions takes about 15.8 years. For Mars, an apparition lasts about 12 months, less 
than half the 26-month interval between successive oppositions. This 26-month 
interval is also known as the synodic period of Mars. Refer to Figure 14. 

Mars and Earth have four comparable seasons because their axes of rotation are 
each tilted at about the same angle to the poles of their respective orbital 
planes; 25~2 for Mars as compared to 23~5 for Earth. Due to the unusually long 
Martian apparition of about one terrestrial year, it is possible to observe Mars 
throughout two Martian seasons. However, the axis of Mars doesn't point at our 
North Star, but is displaced about 40° towards Alpha Cygni. Because of this 
difference, the Martian seasons are 85° out of phase with ours, or about one season 
in advance. 

The 1984 Martian apparition is a transition period between the 1982 aphelic 
and the 1986 perihelic apparitions, and similar to the 1969 Martian seasonal as
pects. The 1984 apparition is an epoch of Northern Hemisphere late spring (Jan. 1, 
1984; 85°Ls), summer solstice (Jan. 13; 90°Ls), and autumn equinox (Jul. 14; 
180°L5 ). This apparition is still considered aphelic because opposition occurs 76° 
beyond aphelion (70°Ls). Mars reaches opposition on May 11, 1984 (146° L ); how
ever, its closest approach to Earth occurs 8 days later on May 19 at a dis~ance of 
49,476,000 miles when the apparent disk diameter is 17.6 arcsecs, which is 3 
arcsecs larger than it was at the last opposition on March 31, 1982. 

Useful visual observation of Mars can begin early in January, 1984 when the 
apparent disk diameter becomes 6 arcsecs, and can continue until late in December 
of this year. Observation of fine details with the aid of color filters is possi
ble with a disk diameter greater than 10 arcsecs for a 6 month period from early 
March to late August. Most of the important photography of Mars in blue or violet 
light and yellow light can begin at 12 arcsecs for 4 months from late March to late 
July. These disk diameter limits are all only approximate because astronomers 
possessing 31-cm. (12.5-in.) or larger telescopes or those with high-quality optics 
with good seeing conditions can achieve good results with smaller disk diameters. 
The apparent disk diameter increases rapidly during the 2 months before opposition; 
and afterwards, the disk slowly shrinks in size during the next 5 or 6 months so 
that useful data can be obtained throughout our terrestrial summer and autumn. It 
is not until early December that the disk becomes less than 6 arcsecs. See Table 
I. 

Observed Phenomena 

Polar Regions: In 1982 A.L.P.O. astronomers measured the diameter of the 
thawing North Polar Cap with filar micrometers in order to produce a regression 
curve for behavioral studies of the NPC. This Martian year, spring thaw occurred 
during the terrestrial autumn of 1983 when two Mars Recorders, D. Parker and J. 
Beish, obtained marginally useful measurements of the NPC. The North Polar Region 
(NPR) and the summer, static ice cap can be seen from January to August, 1984, 
because of the northward, or positive, axial tilt toward Earth. The small cap 

*The .\i is for Eastman Kodak Co. Wratten Filter. 
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Figure 1.4. Helio
centric o'rbital 
chart showing oppo
sitions of Mars over 
the interval 1975-88, 
the maximum apparent 
angular diameter 
of Mars for each 
apparition, and 
the relative sea
sons for Earth and 
Mars. The quantity 
Ls is the areocen
tric longitude of 
the Sun so selected 
as to be zero de
grees at the vernal 
equinox of the 
north hemisphere 
of Mars. Thus Ls 
is a measure of the 
Martian seasonal 
date. 

Figure 15. Spectral 
transmission curves 
of some Eastman 
Kodak Wratten Fil
~ widely used 
for planetary ob
servation. The 
wavelength regions 
appropriate for 
specialized pur
poses are indicated 
by horizontal bars 
below the graph. 
The W30 filter, 
magenta in color, 
transmits in both 
the violet-blue 
and the orange-red 
regions as shown 
by the heavy dash
dot curve. The 
orange-red portion 
coincides with the 
W23A filter. 

remnant may be difficult to see at times due to poor seeing or arctic hazes. It is 
important to note when the North Polar Hood (NPH) forms once again over the Martian 
Arctic in late Martian summer (May 10; 145°Ls - July 14; 1&0°Ls). Due to the 
variable axial tilt this apparition, both poles can be viewed equally well from 
mid-August through October. Both polar hoods should be visible at this time. The 
South Polar Region (SPR) will be tilted toward Earth during November and December, 
1984. Perhaps micrometer measurements of the South Polar Cap (SPC) can be made 
during this apparition. See reference 4. 

Martian Meteorology: The atmosphere of Mars is most dynamic, exhibiting many 
types of salient condensates which are easily observed with the aid of color 
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filters. The occurrence and location of white clouds consisting of water droplets, 
limb hazes of co2 and dust, yellow dust storms, and surface ice-fogs are especially 
important to the study of Martian weather and hemispheric circulation. Past 
A.L.P.O. records of white clouds and bright ice-fog patches show that their occur
rence is coupled to the seasonal thawing and condensation of the polar caps. 

Orographic clouds begin condensing as local noon approaches mountains and 
volcanoes, due to up-lifting of water-laden air. By Martian early afternoon they 
become bright, white individual clouds observed best in blue light. They continue 
to expand and to brighten, and often coalesce with each other toward sunset, when 
they are seen best in violet light, indicating that they may also expand upward by 
convection. This type of cloud does not last throughout the chill of night because 
it is not seen again in the subsequent twilight of morning. Less well understood 
are dense, white clouds of limited extent which recur seasonally and locally over 
certain features and persist for many days. They show day-to-day growth and dis
placement within a region, appearing white in their early stages, and are seen best 
in blue and blue-green filters. Their color can shift towards the yellow as they 
mature and their optical depth increases, becoming prominent in green light and at 
times visible in yellow light. This observed behavior has led us to suspect that 
these localized clouds may be combinations of water clouds and dust clouds. These 
seasonal clouds, first noted by J.N. Lockyer in 1862, have been seen regularly each 
Martian northern summer in the present century; but more data are needed to learn 
their numbers and locations. 

Certain surface light features exhibit temporary bright, white spots which are 
probably seasonal in nature because they are often observed at a time when a polar 
cap is rapidly thawing near the summer solstice. These bright patches were a 
mystery to the planetary observer until Viking Orbiters identified them as surface 
frosts and dense fogs near the surface, analogous to terrestrial polar ice-fogs 
known as "white-outs". Frosts are seen best through green or yellow filters, and 
ice-fogs are seen best through magenta or blue-green filters. The bright patches 
are thought by C. Capen to be topographically controlled. If this proves to be 
correct for many of the brightenings, their occurrences, and especially their 
locations, will be useful for improving local elevation maps of Mars. 

Illustrations of cloud types and a list of active bright areas with their 
coordinates can be found on pages 114 and 115 of reference 1. The Mars Recorders 
wish to emphasize the importance of using a blue filter vs. a red or yellow filter 
when detecting and recording the location of atmospheric features. The technique 
we find best is called "filter blinking" or "filter cross-checking", where a blue 
filter is placed in front of the ocular and an observation of the Mars disk is 
made; then the blue filter is quickly replaced by a red or a yellow filter, and a 
comparison view of Mars is obtained. Also, we have mounted Kodak Wratten gelatin 
filter strips in combination, side-by-side, in a 35-mm. glass slide mount for rapid 
"blinking" at the eyepiece. Practical combinations are: yellow & blue, red & 
violet, yellow & green & blue, green & blue-green, magenta & orange, etc . 

.Surface Albedo Features: both hemispheres of Mars will be accessible for 
telescopic study during the 1984 apparition because of the variable axial tilt from 
north to south, which causes an apparent rocking of the Martian poles as viewed 
from tarth. The Southern hemisphere has been viewed obliquely for the past three 
aphelic apparitions so that it will be interesting to note any changes in the 
surface albedo features located in high southern latitudes during this interval of 
about three Martian years. During the 1977-78 apparition A.L.P.O. astronomers 
discovered a new dark streak positioned NE to SW across Aetneria to Alcyonius 
(225°-255"W; 42°N). This new albedo feature was later found on 1978 Viking Orbiter 
photography by C. Capen. This rather broad feature was well observed by the 
A.L.P.O. in 1980 and 1982. Look for this secular feature during the current 
apparition. Subtle seasonal changes occur upon the surface of Mars during each 
apparition. .See Table l for predictions of surface changes. Unexpected and excit
ing gross changes in albedo features can occur at any time from one Martian year to 
the next. Refer to the two Mercator charts of Mars in Figure 16 for locations of 
possible changes during the 1984 apparition. Report any suspected changes in 
albedo features found during this apparition to: C.F. Capen, Mars Recorder, Solis 
Lacus Observatory, Rt. 2, Box 262E, Cuba, MO 65453, USA. 

Dust Storms: The Martian northern summers are not noted for generating global 
dust storms as are southern summers. However, from a study of A.L.P.O. data 
obtained in 1967, 1969, 1980, and 1982 discrete or localized yellow dust clouds 
have been seen and photographed. Recent observations of 1981-82 and late in 1983 
indicate that some late spring and summer dust clouds have spread throughout the 
Northern Hemisphere. Active areas appear to be Chryse (38°W; 02°N), Libya (275°W; 
00°), Amazonis (155"W; 22°N), Utopia (265°W; 48°N), and Tempe (65"W; 45°N). There 
are probably other dust-sensitive areas in the Northern Hemisphere. 
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It is possible that the planetary astronomer will observe the beginning of a 
large dust storm in the Southern Hemisphere of Mars late in the 1984 apparition. 
It has been found from a study of historical observing records that large, or 
global, dust storms begin sometime between perihelion passage at 250°Ls and 
southern summer solstice at 270°L . Mars reaches perihelion on November 7, and 
southern summer solstice occurs on ~cember 8. About this time, look for small and 
bright yellow clouds with the aid of yellow or green or magenta filters in Hellas
Noachis (320°W; 30°S), Deucalionis Regia (350°W; 15°S), and Solis Lacus (90°W; 
25°S) regions. The apparent disk diameter will still be about 6 arcsecs. 

We need to know as much as possible about these dust storms because their 
behavior can be related directly to terrestrial conditions. Recently, Carl Sagan 
has used Martian global dust storm data to calculate "nuclear winter" epochs for 
Earth. 

Future Martian Research Programs 

The Mariner Mars and Viking space missions have given us much useful close-up 
information about Mars. These successful missions have identified or confirmed 
most of the telescopic observed features and Martian meteorological phenomena. 
More importantly, these space missions have clarified and outlined areas for useful 
research of past acquired observational data on record in several historical 
archives: I.A.U. Planetary Research Centers, B.A.S., O.A.A., and A.L.P.O. Some 
examples of questions yet unanswered about Mars are: Are the polar climates 
static, or are they changing over long periods of time? Are certain equatorial 
water clouds seasonal? If so, can their appearances and locations be predicted? 
Can surface wind directions be inferred from cloud formations? What causes the 
long-term secular changes in the albedo features? Are their locations 
topographically controlled or caused from unseasonal wind regimes? Have these 
secular areas been affected before in the history of Mars? These are but some of 
the major questions which may be answered by future observational programs of the 
dynamic Red Planet. 
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Observing Aids 

A Martian News Service entitled "Martian Chronicle '84" (The Barzoom Free 
Press) is available to active observers of the planet Mars from the A.L.P.O. Mars 
Recorder. This brief publication provides rapid notification of important observed 
phenomena as they occur and are received from astronomers, useful seasonal event 
predictions, Mars ephemerides, and an exchange of observing ideas. Active and 
contributing observers may send 6 to 8 self-addressed and stamped long envelopes 
to: C.F. Capen, Mars Recorder, Solis Lacus Observatory, Route 2, Box 262E, Cuba, 
MO 65453 USA. Also available from the Mars Recorder are 20 standard A.L.P.O. Mars 
Observing heport Forms at cost for $3.60 pp. Also, a current Mars Observing Kit 
for the 1984 apparition is at cost for $5.95 pp. ($8.50 overseas mail). The Kit 
contains an introduction to observing Mars, standard report forms, many useful 
technical reprints, CM computing tables, planet photography, Mars charts, nomencla
ture, and coordinate lists. The Mars Observing Kit material and current issues of 
"Martian Chronicale •b4" are found to be most useful when filed with current 
apparition observing records in a 3-ring notebook for ready reference. 
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Jul. 14 
Jul. 25 

Aug. 21 

Oct. 1 
Nov. 7 

Dec. 8 

TABLE I. 1984 Calendar of Martian Seasonal Events 

Late spring season N. hemisphere, 85°L . NPC (North Polar Cap) 
approaches static phase. Maximum water cToud and limb haze activity 
expected. Syrtis Major dark. Apparent disk diameter 5.8 arcsecs. 
N. summer solstice, 90"Ls. Many clouds expected in N. Can Rima Tenuis 
be seen in NPC? What size is NPC? Local cloud expected to form over 
Syrtis Major about 80°-140°L . In 19tl2 a brilliant icy patch, 
Lemuria, detached itself from ~PC located at 210°W; 82°N. Look for 
two other bright patches at 135°W and at 290°W during Jan. and Feb. 
Disk diameter 8 arcsecs, quality visual observations possible. In
creasing clouds and ice-fogs. Look for w-clouds over Tharsis, 105°L8 . 
Disk diameter 10 arcsecs. Finer details possible. Cloud and limb 
hazes present at 115°Ls? 
Quality photos possible with disk diameter 12 arcsecs. 1'1. Acidalium 
broad and dark with many fine features becoming visible. Are 4 bright 
circular spots visible in Tempe-Arcadia-Tharsis-Amazonis region, the 
"domino effect", at 124"L ? 
White clouds and ice-fog~ frequent. Syrtis Major and Mare Acidalium 
broad and dark, 130°L . Both polar regions seen well, 9°De. 
t.. H. Antoniaeli statecl that with 12-inch or larger telescopes the NPC 
may appear divided by a rift from 140° to 320°W longitude at 140°Ls. 
Clouds and frosts still prominent in north. Clouds rare in south. 
Limb brightenings. 
Mars at opposition. Disk diameter 17.4 arcsecs. Mid-summer, 146°Ls. 
Northern clouds frequent. Coincidence of subearth (De) and subsolar 
(Ds) points at 14" latitude. Syrtis Major broad. 
Mars closest to Earth 49.5 million miles. Disk diameter 17.6 arcsecs. 
ls NPh (North Polar Hood) forming? Fine surface details possible. 
NPh (North Polar hegion) tilted toward Earth all month. Are both 
polar hoods present, 160°Ls? 
N. autumn equinox, 180°Ls. S. spring equinox. Hellas bright. 
Apparent disk diameter below 12 arcsecs. Good photo and visual obser
vation still possible. SPC (South Polar Cap) large and bright, 
186°L . 
Disk ~iameter less than 10 arcsecs. Both polar regions can be seen 
through end of year. hecord SPC details, and measure cap diameter. 
S. polar region tilted toward Earth. Measure SPC diameter. 
Mars at parihelion, 250°Ls. White cloud activity in south. Look for 
initial yellow dust clouds in Hellas-Noachis and Solis Lacus regions. 
N. winter solstice, 270°Ls· S. summer solstice. Apparent disk 
diameter 6 arcsecs. Are yellow dust clouds present? 
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OBSERVER'S LOGBOOK 

<;QI\ITAINS 100 OBSERVING FORMS: Choice of 100 
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~~.).-4(,100 Deep-Sk~ Forms, or 50 of each. Comes with 
'~jer Catalog & Selected NCC list, plus instructions. 
· wP·dew-resittant binder, blue with silver letterin8. 

ASTRO CARDS'" 
r. 0. !lox 35, Nollono HeichtJ, PA 151165 USA 

;~~c~~~~~h~lt~opular event will occur on May 5, 
.~~ · t:ai"~f;d by writing to Mr. Gary Tomlinson, 
~Qn te~t-Cha.f~e PJ;anetarium, 54 Jefferson 

· )ljy .·clubs and .others can make their own 
1 ,fS!)'\fO pd!'!:l$ astronomy to those not 

acquainted wit . . . .. . . . l\,cti\(itl,es h~we .included extensive mall 
displays, aid to te<l,cn§:~~ B£', , ..... •iietf:ql'tG?J!l}.ca,l,.a:rt, jewelry, stamps, and 
computers and computer P.r¢gr'tilji.S:,:.•!(lu'd1a¥:''!J.i:l:i}e y(nw own ideas, and it is not too 
early to begin making; plans~ · · · · · · · · · 

Concerning lJ]¥~~ 
Comets". A number of o 
the A.L.P.O. Observing Manual. 
notes from Dr. Clark Chaptnan, .Ita 

n 1b§ Moon. Planets, and 
.,Q1;'igimUly intended to be 

,if'ltere.sted in the following 

"Dale Cruikshank and 1 haye now J,iOI!l~~ 
'Observing the Moon, PlanE?ts, and Coll!~ts~ .b~ 
files. This book, which was recent1y;r~11i ILL.'P.O. (Vol. 29, pg. 
205 et .§£9...), was originally writ ten in tbe l9.fro~'E!fPY A.L.P.o. members and Section 
Recorders as 'The A.L.P.O. Observing Manual'o~ '!t.-.~ is a.·oomprehensive handbook on 
lunar, planetary, and cometary observing.' Altl\0~~-fl(.}w'.SOmewhat out-of-date, the 
original manuscript has been printed in two 'VOlti~:S:by Schramm .and Groves, 24151 
Las Naranjas, Laguna Niguel, CA 92675 ($20.00): A$ t'!le reviewer noted, a number of 
the illustrations were omitted. It would be meani~!es.s to reproduce the now-faded 
examples of lunar and planetary photography that -li.eegmpanled Dennis Milon's chap
ter, but all of the remaining illustrations (except .F;ig. 2 of' the comets chapter) 
have been found. I will be glad to supply xerox copies of these illustrations to a 
limited number of individuals requesting them. The available figures are listed 
below by chapter and figure number: 

"Techniques, 15; Theory 2, plus 3 unnumbered figures to accompany the 
appendix; Colorimetry, 1; Mercury, 1, 2, and an unnumbered.figure of old Mercury 
maps; Mars, 4, 5, 7; Jupiter, 1; Saturn, 1, 3, 4; Moon, 2; Comets, 1, 3, 4, 6, 7, 
10. 

"Please write to Dr. Clark R. Chapman, Planetary Science Institute, 2030 
Speedway, Suite 201, Tucson, Arizona 85719." 

Special 1hanks to s. New Sponsor. We quote without comment, but with deep 
appreciation, a letter from Mr. Jose Olivarez of the Omnisphere Earth-Space Center 
at Wichita, Kansas on October 25, 1983: "It is a pleasure for me to inform you 
that the Kansas Astronomical Observers voted at their October meeting to become 
supporters of the A.L.P.O. by enrolling as a group under the special Sponsors 
Membership. Please enroll the K.A.O. at this address: K.A.O., c/o Wichita Omni
sphere, 220 S. Main, Wichita, Kansas 67202. Enclosed, please find our K.A.O. check 
for $40.00 as payment for this special membership. Please send the K.A.O. one copy 
of the A.L.P.O. Journal for one year. 
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NEW:THE COMET HALLEY HANDBOOK, by 
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NEW:INTERNATIONAL HALLEY WATCH AMATEUR 

OBSERVERS' MANUAL, by S.J. Edberg 
SKY ATLAS 2000, Field or Desk edition 

DeLuxe (colored) edition 
Atlas Catalogue, Vol. 1 

AMATEUR ASTRONOMER'S HANDBOOK, by J.B. Sidgwick, 
4th. ed., hard-cover $24.95; 3rd.ed. soft-bd. 

OBSERVATIONAL ASTRONOMY FOR AMATEURS, by 
J.B. Sidgwick, reprint of 3rd.ed., soft-bd. 

THE PLANET JUPITER, by B.M. Peek, 
new revised edition by P. Moore. 

JUPITER, by Garry Hunt & Patrick Moore 
THE PLANET SATURN, by A.F.O. 'D. Alexander 
THE TELESCOPE, by L. Bell, reprint 
THE HISTORY OF' THE TELESCOPE, by H.C. King 
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 1984 

$31.85 

$ 5.25 

$ 9-95 
$15.95 
$34.95 
$29.95 

$ 6.95 

$ 4.95 

$24.95 
$14.95 
$ 8.00 
$ 7.00 
$ 8.95 

$14.95 
$12.95 
$12.95 
$20.95 
$14.00 

Write for a new enlarged list of astronomical literature. 

HERBERT A. LUF'T 

P.O. Box Oakland Gardens NY 11364 

"I feel that if 
other Astronomical So
cieties were asked to 
support the A.L.P.O. 
through a special mem
bership, they would vote 
to do so, especially if 
they were aware of the 
A.L.P.O. 's need at 
this time; 

"All A.L.P.O. mem
bers can help in this 
endeavor by personally 
proposing an A.L.P.O. 
sponsorship to their 
local Astronomical So
cieties." 

Texas Star Party 
~- The dates for 
this third annual meet
ing at the Prude 
Ranch near Fort Davis, 
Texas are May 30 to 
June 3, 1984, inclu
sive. As before, every
thing will be done to 
make this gathering a 
most memorable one for 
the amateur observer. 
Planetary observers 
should note that Mars, 
Jupiter, and Saturn will 
all be favorably placed 

meeting. Persons desiring further information should 
7117 Misty Meadow Dr. S., Fort Worth, TX 76133. 

contact Mr. George D. Ellis, 

Seminar on Electronics Oriented Astronomy. The Orange County Astronomers 
announce a seminar on Electronics Oriented Astronomy on Saturday, March 3, 1984 at 
Cypress College in Cypress, Calif. Topics will include computer applications to 
observing, photometry, low light television and other sensors, and digital tele
scope controls. There will be papers and exhibits from amateurs, and in addition a 
professional astronomer will update attendees on electro-optical advances for large 
telescopes. There will also be relevant commercial exhibits and a Proceedings. 

The cost of admission to the all-day seminar is $15, and for $5 more the 
attendee can receive one-half unit of college credit at Cypress College. Further 
information is available from the Orange County Astronomers, 2215 Martha Ave., 
Orange, CA 92667. 

Sustaining Members and Sponsors. The persons and groups listed below support 
the work of the A.L.P.O. by volunarily paying higher dues, $40 per volume for 
Sponsors and $20 per volume for Sustaining Members. Their generous asistance and 
meaningful support are here gratefully acknowledged. This financial aid is par
ticularly valuable in the present period of inflation and rising costs. It is 
certainly much needed. If there are errors in the list below, the Editor would 
appreciate being told about them. 

Sponsors - Philip and Virginia Glaser, Dr. John E. Westfall, Dr. James Q. 
Gant, Jr., Ken Thomson, Darryl J. Davis, Dr. A.K. Parizek, Raleigh Crausby, James 
H. Fox, Dr. Howard W. Williams, and Sky Publishing Corporation. 

Sustaining Members - Charles L. Ricker, Elmer J. Reese, Gordon D. Hall, Joseph 
P. Vitous, B. Traucki, H.W. Kelsey, Commander W.R. Pettyjohn, Orville H. Brettman, 
Dr. Julius L. Benton, Jr., Hoy J. Walls, Winifred S. Cameron, Charles S. Morris, 
Richard J. Wessling, Harold D. Seilestad, Tim Robertson, Dr. Clark R. Chapman, 
Michael B. Smith, R.F'. Buller, Wynn E. Wacker, Reverend Robert A. Buss, Harold 
Stelzer, Douglas Smith, Dr. Joel W. Goodman, the Braeside Observatory, Carol 
Rodgers, Alan French, David McDavid, Frederick W. Jaeger, Walter Thomas Whitley, 
Phillip D. Wyman, the Kansas Astronomical Observers, and Mark S. Daniels. 

Historical Slide Set Available. The Astronomical Society of the Pacific is 
selling a slide set, "Astronomers of the Past", from the time of Copernicus through 
the 20th century. Order from A.S.P., Catalog Sales Department, 1290 24th Ave., San 
Francisco, CA 94122. The price is $34.95 plus $3.00 for postage and handling. The 
price includes an informative 24-page booklet. The set should be especially 
valuable to teachers of science. 
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The Strolling Astronomer 
SUBSCRIPTION RATES 

Single Issue (in stock) $ 2.50 

1 Volume (6 issues), U.S.A., 
Canada and Mexico . $12.00 

1 Volume (6 issues), other 
countries . $14.00 

2 Volumes (12 issues), U.S.A., 
Canada and Mexico . $21.00 

2 Volumes (12 issues), other 
countries $25.00 

SPECIAL MEMBERSHIPS 

Sustaining Members . $20.00 per volume, 
or 6 issues 

Sponsors $40.00 per volume, 
or 6 issues 

ADVERTISING RATES (per issue) 
Full Page Display Ad . . . . . $50.00 

Half Page Display Ad . . . . .. 30.00 

Quarter Page Display Ad ......... 20.00 

Classified or Listing (per col. in.) .... 6.00 
Discount of 10% on 3-time insertion. 

* * * NOTICE 
In order to facilitate the reproduction of draw
ings in future issues readers are requested to 
exaggerate contrasts on drawings submitted. 
Extremely faint marks cannot be reproduced. 
Outlines of planetary discs should be made 
dark and distinct. It is not feasible to reproduce 
drawings made in colors. Following these 
precepts will permit better reproductions. 
Persons requiring prompt acknowledgement of 
correspondence or contributed observations 
from staff members are requested to furnish 
stamped, self-addressed envelopes. 
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DIAL 
THE SKY 

For tonight or any night. 
Do you live between latitudes 20° and 50° 
'lorth'' Do you like to use a planisphere because 
it shows what stars are above the horizon for any 

time of night throughout the year? Have you 

found a conventional 40° -latitude planisphere 
unsuitable at your location? And has the strong 

distortion of southerly constellations inherent in a 

planisphere been so annoy•lng that you have 
practically discarded this otherwise very conven
lent device? 

David Chandler of Claremont, California, has 

perfected the two-sided star dial shown here, so 

that you may vlew stars toward the north, east, 

and west on the first side of THE NIGHT SKY 
(upper p1cture), but when looking south you sim

ply turn the dia! over Voila~ Constellations be

low the equator now appear quite normal (!ower 

~w:!ureL makinsl it easv to match the chart to the 
sky for the time at which the planisphere is set. 

THE NiGHT SKY has been computer designed 

to mmirnize sky distortion. For star groups at 

30° and ~· 40c declination, such as Scorpius 

and Sagittarius. the south-facmg side of this pian

lsphere has oniy about a tenth as much distortion 

as a iraditionai planisphere 

The Chandler dial is suitable for all observers, 
from begmner to advanced amateur and the pro

fessionai planning a nlght's observing. Its charts 

show ali stars to magnitude 4.5 .. with many others 
.~dded to complete faint constellations, also. hour 

Clrc!es at three-hour intervals (with decllnation 

marks and labels}. many star names, some Mes
sier objects. and the Milky Way 

THE NIGHT SKY comes in three latitude ranges 
(state which when ordering): 

20° .. 32• (horizon mask at 25° north) can be 
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S3850 NIGHT SKY 38°-50° $5.95 
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Postpaid in Umted States; outside U.S,A. add 
10% for postage Remit with order 
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