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Drawing of region surrounding the Great Red Spot on Jupiter by Ron Doel 
on March 20, 1978. Dearborn Observatory 18.5-inch refractor, Evanston, 
Illinois. Seeing 4-7 (rather poor to fairly good), transparency 4 (clear). 
100X-200X. Note the faded appearance of the Great Red Spot, soon after 
a reported triple South Equatorial Belt Disturbance. Mr. Doel discusses 
S.E.B. Disturbances and the nature of Jupiter on pages 105-117, with 
tentative information on 1978 S.E.B. Disturbances on page 117. 
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THE WORK OF THE A. L. P. 0. REMOTE PLANETS SECTION 

By: Richard G. Hodgson, A.L.P.O. Remote Planets Recorder 

As the newly-appointed A.L.P.O. Remote Planets Section Recorder, the writer 
would like to indicate what he understands to be the aims and observing programs of the 
Section as a guide for A.L.P.O. members in the foreseeable future. Comment and discus
sion from other members is always welcome. 

Section Aim 

The aim of the A.L.P.O. Remote Planets Section is two-fold: (1) coordinate the 
gathering of scientifically useful data concerning those major planets and their satel
lites whose orbits lie beyond that of Saturn, and (2) publish this information regularly 
with a view to the advancement of scientific knowledge. These data may be obtained by 
direct observation, by historical research, or by theoretical analysis based upon the 
observations of others. One should note that the Remote Planets Section is only con
cerned with major planets (and their satellites) beyond Saturn. Thus the recently dis
covered minor planet Chiron (1977 UB), although beyond Saturn for the greater part of 
its orbit, (and, on favorable occasions, beyond the perihelion of Uranus) will be under 
the jurisdiction of the A.L.P.O. Minor Planets Section. 

The work of the Remote Planets Section which meets acceptable standards and is 
consistent with the above stated aims of the Section will be published from time to 
time in The Journal of~ A.L.P.O. Significant discoveries will be communicated by 
the Recorder to appropriate astronomical authorities without delay. 

Observational Projects 

Scientifically useful work on Uranus, Neptune, and Pluto is seldom done by 
beginning or intermediate-level amateur astronomers. The Recorder has no desire to 
frighten away intending participants in the Remote Planets Section when he says this, 
but it happens to be the truth. The only exception to this general statement concerns 
occultations of stars by Uranus, Neptune, or any rings surrounding them. In this area 
of exception we need the help of all who have occultation experience--even small tele
scopes may be immensely valuable in trained hands. For other work, however, large 
apertures are required (i.e., >30 em or 12 inches). Often expensive additional equip
ment is also needed--Schmidt cameras, photometers, micrometers, plate measuring devices, 
etc. Perhaps because of all of these requirements the British Astronomical Association 
--after which the A.L.P.O. has been in part patterned--has never seen fit to establish 
a section for the study of these planets. Apart from occultation work, therefore, the 
Remote Planets Section's observing programs will be chiefly of interest to the advanced 
and the "Olympic" amateurs, who are well or superbly equipped and are well-disciplined 
workers. We are also desirous of having a close working relationship with the larger 
observatories and planetary science research astronomers. 

Advanced and "Olympic" type amateur astronomers, being well read in the profes
sional journals, usually have a good idea of what tasks need to be done, which their 
particular equipment will also permit. The listing which follows is not necessarily 
complete, but it touches upon some of the most important projects: 

I. Positional Observations. Opportunity in this field is limited to the 
"Olympic" type amateurs and professional research astronomers who can undertake long
focus astrometry. Only precise positions are really worthwhile. Plate measuring 
equipment is also needed. 

II. Occultation Observations. Here is the area where all who are experienced 
occultation observers can be of great help. Small apertures (even 6 to 10 em) are 
usually sufficient, although larger instruments than this have a slight advantage. Of 
particular importance are possible occultations of stars by the rings of Uranus in order 
to verify their number, position, and width. Photometry with large instruments might 
also be helpful in determining their density. In the case of Neptune one should be 
alert for secondary occultation phenomena which also could be the result of a ring sys
tem. In the case of Pluto, of course, large telescopes are required for effective ob
servations. Unfortunately Pluto moves so slowly and is so small that it gives very few 
occultation opportunities. 

Intending occultation observers should keep alert for opportunities published in 
the major astronomical magazines (like ~and Telescope) and in professional sources 
such as the I.A.U. Circulars. They also should have a tape recorder and a stopwatch 
which registers to 0~1, and they must have a short-wave radio which can serve as a 
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time source. Previous experience is necessary (lunar occultations are excellent 
training). One's telescope should also be large enough to be able to see at least one 
full magnitude fainter than the occulted star. 

As a result of occultation observations on 1977, March 10 the five rings of 
Uranus were discovered. Perhaps in the next few months, and certainly in the next few 
years, we should know whether Neptune has rings by the same technique. It is an excit
ing opportunity for observation! 

Occultation observations can also be useful in determining the position of planets 
and possibly their satellites at a particular moment in time. In that respect such ob
servations constitute a type of positional work. The duration of the occultation can 
help determine ring widths and planet (and satellite!) diameters, all of which can pro
bably be improved. Such information would be especially valuable in the case of satel
lites since their diameters are thus far very poorly determined by other means, and they 
have yet to be observed occulting a star. Diameter determinations are in a sense a 
kind of physical observation, to be described below. 

III. Physical Observations. Physical studies can be of several kinds. We shall 
consider those which pertain to Uranus and Neptune first, and then those which might 
be carried out in relation to Pluto. 

A. Disc Drawings and Photographs of Uranus and Neptune. These require at 
least 30 em aperture for Uranus and at least 60 em for Neptune, plus extraordinarily 
good seeing. The files of the Remote Planets Section contain many disc drawings show
ing an amazing number of spots and belts (many of the latter running the wrong way!) 
which cannot represent reality, made with small telescopes. Some even represent early, 
imaginative efforts by young people who are now well known astronomers. These artistic 
creations will remain unpublished--we desire to embarrass no one! 

Having issued this warning, however, one must understand that quality disc 
drawings and photographs made with suitably large telescopes under excellent observing 
conditions are very much desired. There is a debate among some astronomers whether 
Uranus in fact has any belts or dark polar regions or spots visible from Earth. Any 
good quality evidence, for or against, would be very helpful in settling this issue. 
Observations of any distinctive spots, especially if observed over several nights, 
might help to resolve the question of rotation period, another issue in the recent li
terature (see below). If any such spots are observed, please telephone the Recorder 
(712-722-4081) without delay so that other observers may secure data on the event. 

~: The Recorder observed dusky poles on Uranus on a superb night in 
1969, April; he has never unambiguously seen any equatorial belts with his 32-cm 
and 41-cm reflectors. Thomas Cragg, however, reported in a letter (Strolling~
mer,~. pp. 177-178 (published 1966, July) observation of a very faint equatorial band 
perceived independently by two observers on 1966, May 7, using the 254-cm (100-inch) 
reflector at Mount Wilson; at the same time they witnessed the shadow of Umbriel on 
Uranus, a rare event. Large instruments have their advantages. For further discussion, 
see Eugene W. Cross, Jr. in J.A.L.P.O., .fl, 152-153 (published 1969, July), and Richard 
G. Hodgson in J.A.L.P.O., .fl, 167-170 (published 1969, July)J 

B. Oblateness Studies. Measures of the oblateness (polar flattening) of 
Uranus are exceedingly difficult, and are best undertaken when the Earth is very nearly 
in the plane of the planet's equator (as in 1966 and 2007). Even so, micrometer mea
sures of a very small disc are difficult and are not highly reliable. Measures of 
quality photographs might also be attempted. The results obtained have varied consider
ably over the years. A settlement of conflicting opinion is needed since it also has 
implications for the period of rotation, likewise in dispute. A fine effort by an 
A.L.P.O. member was that of Stanley M. Shartle, undertaken in 1g57 (cf. Strolling Astro
nomer, 20, 197-200, published 1968, March). Any attempt to measure the oblateness of 
Neptune by means of a micrometer would require the world's largest telescopes. Anal
ternative approach for both Uranus and Neptune would be the study of data from a series 
of extremely well-observed occultations. 

[~: The Recorder found the oblateness of Uranus to be very pronounced in 
early 1969 when he undertook a series of observations with his 32-cm reflector--Uranus 
appeared approximately as oblate as Jupiter. Perhaps this effect was enhanced by dark 
polar regions at the time, but it was striking. Indeed at that time the brighter satel
lites of Uranus (Titania and Oberon) could be found readily without prior knowledge of 
their position by projecting outward from the equatorial bulge. If the oblateness of 
Uranus is undiscernible and the polar darkening did not then exist (as some astronomers 
have asserted), how were they repeatedly found in this way? (The orientation of Uranus 
in the telescope varied considerably from night to night so that there was no habitual 
orientation.) Of course, that method only worked well near equatorial presentation; 
by 1974 the changed orientation of Uranus made this easy way of locating the satellites 
impossible, and the planet no longer looked distinctly oblate.] 
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C. Magnitude Studies. For those with photometric equipment, the monitoring 
of Uranus and Neptune would be valuable. This might be done either in white light or 
with precision filters at selected wavelengths (such as U, B, V, R, and I). Several 
projects within this category can be distinguished: 

(1). Short-term variations due to rotation. Until recently it was 
thought that Uranus rotated on its axis in about 10h4gm, and Neptune in 15.8 ± lh. Re
cent observations by Hayes and Belton (Icarus,~. 383-401 (1977, December)) indicate 
a period of 24 ± 3h for Uranus and 22 ±~r Neptune. In the same issue {pp. 402-412) 
L. Trafton obtains a value of 23 ± 5/2 hours for Uranus. At this point in time, how
ever, the writer does not feel that the matter is settled. Precise photometry observa
tions might help resolve this matter. 

[Note: Popular astronomy books written a decade or two ago suggested 
that magnitude estimates of Uranus made visually with small telescopes would be scien
tifically valuable. This is not true--the variations in magnitude are too small to be 
reliably discerned by the human eye. Sensitive photometers which can measure variations 
as small as 0.03 magnitudes reliably are needed. Such instruments are made, for example, 
by Pacific Photometric Instruments, and DOAA Enterprises, or may be possibly home-made 
(cf. Ray Bryant's photometer described in The Minor Planet Bulletin,!, 29-31 (1977)).] 

(2). Long-term magnitude variations. Long-term variations for Uranus 
and Neptune have been reported from time to time. Some of these may relate to their 
orbital periods (i.e., changing distance from the Sun, changing orientation due to ob
liquity, and, very, very slightly, the opening or closing of rings). Some secular va
riations may also be due to changes in the brightness of the Sun itself: indeed G. W. 
Lockwood of Lowell Observatory reports a brightening of Titan, Uranus, and Neptune for 
the years 1972-1976 (cf. Icarus,~. 413-430 (1977, December)). Possibly solar bright
ening is responsible also for the observed brightening of all of the Jovian Galilean 
satellites between 1973 and 1974 (cf. D. Morrison and J. A. Burns in T. Gehrels (ed.), 
~iter, p. 998 (1976)). The amount of brightening in the latter case was 0.02 to 
0.05 magnitudes. Obviously a long-term investigation of possible variations in the 
solar constant is of immense importance, not only for Solar System photometry, but in 
relation to long-term changes in the climate of the Earth as well. Uranus and Neptune, 
being relatively quiescent planets, and being virtually always at full phase as seen 
from Earth, can serve well in this investigation. 

(3). Light-variations of Pluto. Short-term light variations have been 
obsdrved for many years in the case of Pluto, indicating a rotation period of 693874 
± 0.0002 based on 20 years of observation (cf. J. S. Neff, W. A. Lane, and J. D. Fix, 
Publications of the Astronomical Society of the Pacific, 86, 225-230 (1974)). Since 
the rotation is thus well determined, there is not much scope for improvement unless 
one wishes to observe over many years. Of greater interest are long-term changes in 
the amplitude of the light curve. Some amplitude changes have been noted in recent 
years: light variations had increased to 0.22 magnitudes in 1972, while mean magnitude 
was reported to be somewhat fainter (cf. L. E. Anderson and J. D. Fix, Icarus, 20, 
279-283 (1973)). These data appear to indicate an obliquity greater than 50° and a 
darker equator compared with a brighter pole. Since Pluto comes to perihelion in 1989, 
the next 40 years or so would be the best time for long-term observations to examine 
these reported changes. It would be an excellent life-time project for a young person 
with a moderately large telescope and a good photometer, obtaining a score or so obser
vations each year or every few years, thus compiling a long-term record. 

IV. Satellite Studies. The satellites of Uranus and Neptune have been largely 
neglected. None are easy to observe, but under good conditions Titania, Oberon, and 
Triton should be visible with 20 em aperture. (If you do not have really dark skies, 
probably 25 em may be needed.) With a 30 to 35 em aperture Ariel should also be visi
ble; Umbriel requires about 40 em aperture. Miranda and Nereid require the telescopes 
of major observatories. 

An investigation of the brightness of the brighter of these satellites would be 
rewarding. In the case of Uranus, the changing orientation of the planet and its sa
tellites may lead to different values at different times. One might evaluate the 
brightness of these satellites either in relation to possible comparison stars in the 
field, or in relation to each other to determine relative brightness. One must, how
ever, beware of the glare of the planet--it can be more significant than one might 
think, and so in evaluating brightness one should try to observe when the satellites 
chosen are equally separated in apparent distance from Uranus. In the 1980's, because 
the orbits will appear nearly circular, this provision may be difficult if not imposs
ible to meet. Then one must be content with a somewhat relaxed standard. In the case 
of Triton, the large satellite of Neptune, one should try to evaluate whether its 
brightness varies between its leading and trailing orbital edges. A 0.25 magnitudes 
variation was suspected some years ago, but further investigat\Pn would be worthwhile. 
Another aspect of satellite work would be occultation observations, also very valuable. 
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The importance of these has already been discussed. Satellite phenomena (eclipses, 
shadow transits, etc.) are also of interest in those rare years when the Earth and the 
Sun are near the equatorial planes. 

V. Searches for New Major Planets. These are probably best left to professional 
observatories with large Schmidt cameras. There may be a few A.L.P.O. members with 
moderate size (35 to 50 em aperture) Schmidt cameras who might like to try to find a 
major planet beyond Pluto. I am very doubtful of success, but there might have been 
something which eluded the extensive search undertaken between 1929 and 1943 by Clyde 
Tombaugh. If one were to try, probably the best way would be to photograph selected 
areas centered on the ecliptic in portions of the sky away from the Milky Way over a 
period of years. Sooner or later something might fall into the trap. One might at 
least find some new comets or asteroids as consolation awards. 

Historical and Theoretical Projects 

To make discoveries one does not always have to use a telescope. Persons with a 
keen interest in the remote planets and a skill in the field of historical investiga
tion and/or theoretical study may be able to discover patterns or other phenomena un
recognized in the observations or photographs secured by others. For example, in re
cent months some evidence of pre-discovery sightings of the rings of Uranus has come to 
light; and more may yet be found. Again, the records should be searched for long-term 
variations in brightness and amplitude for these planets and their satellites. On 
Uranus the historical record is fairly completely reviewed up to the year 1964 by 
A. F. O'D. Alexander, The Planet Uranus (1965). Every Section member should have a copy 
of this excellent book. It would be helpful some day to have books reviewing the lit
erature on Neptune and Pluto in a similar manner. 

Section Membership 

All who wish to participate in the A.L.P.O. Remote Planets Section and have the 
equipment and other qualifications to do so (as outlined in the above sections of this 
paper) should contact the Recorder, Richard G. Hodgson. His address is 316 South Main 
Avenue, Sioux Center, Iowa 51250, U.S.A. His telephone number is 712-722-4081. When 
you write, please describe the equipment available to you, and the kinds of observations 
you are equipped and qualified to make. The Recorder will then try to co6rdinate the 
work to maximum advantage. If you require a reply, a stamped, self-addressed envelope 
should be enclosed. 

THE CHANGING APPEARANCE Q£ PERIODIC COMET D'ARREST l976e 

By: Charles S. Morris, A.L.P.O. Comets Section 

Abstract 

Drawings based on visual observations of Periodic Comet d'Arrest l976e by the 
author illustrate the changing appearance of the comet. Rapid changes in the comet's 
shape are discussed, as well as the effect of different instruments on the observations. 

Introduction 

Periodic Comet d'Arrest l976e provided visual observers with a remarkable show 
between July and November, 1976. Starting out as a small llth magnitude object, 
P/d'Arrest eventually became 30' in diameter and a faint naked eye object before fad
ing. The remarkable light curve of P/d'Arrest (e.g., see Bortle, J. E.,~ and Tele
scope, Vol. 53, No. 2, pp. 152-157, 1977) was matched by fascinating changes in the 
comet's physical form. The drawings presented in this paper illustrate some of these 
changes. 

The Observations 

Periodic Comet d'Arrest l976e was observed on 25 different nights by the author 
between July l and November 17, 1976 (U.T.). On six nights in July and August the 
comet was drawn to record significant detail which was observed using a 15-cm f/4 re
flector (24x and 48x). These observations were made from Boalsburg, Pennsylvania under 
excellent conditions (average limiting naked eye magnitude= 7.0), The results of 
these efforts are presented in Figures l-6, and a discussion of each observation is 
given below. 

88 



Figure 1. Drawing of Periodic 
Comet d'Arrest (1976e) by 
Charles S. Morris with a 15-
cm. f/4 reflector at 24X and 
48X on July 27.22, 1976, U.T. 
Negative shading; the dark 
points are background stars. 
Note the use of a scale and 
of orientation arrows, where 
N is north or position angle 
0° and W is west or position 
angle 2l0°. These tech
niques greatly improve the 
value of a sketch of a com
et. See also text of Mr. 
Morris's report in this 
issue. 

Figure 2. Drawing of 
Periodic Comet d'Arrest by 
Charles S. Morris on August 
2.23, 1976, U.T. Other cir
cumstances same as in Figure 
1. See also text. The sky 
was very clear for all the 
observations here shown in 
Figures 1-6. 

Figure 3. Drawing of 
Periodic Comet d'Arrest by 
Charles S. Morris on August 
3.23, 1976, U.T. Figures 
3-6 were all drawn with a 
15-cm. f/4 reflector at 24X 
and 48X. 
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1976, July 27.20, U.T.: In 12x50 binoculars the comet was round with a diameter 
of 21' and a magnitude of 6.9. There was no hint of any jets or tails. However, the 
15-cm reflector revealed a complex array of tails (see Figure 1). In all, there were 
four tails, and they were literally going in all directions. Although these tails were 
faint, they were very distinct. A summary is given below. 

Tail A: 
Tail B: 
Tail C: 

Tai 1 D: 

16' long in PA 84° (PA is the standard position angle). 
35' long in PA 116°. 
20' in PA 158° (PA 116°- 170°). 
Tail C curved south from Tail B at a distance of 9' 
from the center of the coma. 
25' in PA 261". 

1976, August 2.23: In 12x50 binoculars the comet was almost round with a diameter 
of 25' and a magnitude of 6.1. In the 15-cm reflector the comet appeared hyperbolic 
with the "central" condensation displaced toward the eastern portion of the coma (see 
Figure 2). There were two distinct edges to the eastern part of the coma. These looked 
like shock waves. A short jet extended due west from the condensation. 

1976, August 3.21: P/d'Arrest looked round in the l2x40 finder. Its diameter had 
grown to 30', and its magnitude was again 6.1. The general shape of the comet in the 
15-cm reflector was similar to that on the previous night (see Figure 3), but the con
densation had grown and at times had a granular appearance. Also, there was no evidence 
of the shock wave effect or the jet of the previous night. 

1976, August 4.23: The comet still appeared round in the 12x40 finder. However, 
the size of P/d'Arrest had decreased significantly in 24 hours from 30' to 20'. There 
was a 30' straight and narrow tail in PA 320°. The remarkable decrease in size was also 
evident in the 15-cm reflector (see Figure 4). In fact, the comet's appearance was to
tally changed. Its shape was parabolic instead of hyperbolic, and the condensation had 
returned to its previous small size. The tail seen in the finder was not observed in 
the 15-cm reflector, although the coma was elongated in that general direction. 

1976, August 17.12 and 18.14: In the 12x40 finder P/d'Arrest was of magnitude 5.7 
and round with a diameter of 30'. On these dates the comet appeared round in the 15-cm 
reflector (Figures 5 and 6). However, the condensation was still displaced toward the 
eastern portion of the coma. Two tails were visible. These were extremely faint, but 
were observed on both nights. 

Comments 

It is likely that the remarkable changes in the physical appearance of Periodic 
Comet d'Arrest are directly related to the tremendous increase in brightness it was ex
periencing during this period. Based on Bortle's light curve, P/d'Arrest was increasing 
in brightness at a rate ten times greater than for an average comet. It is not surpris
ing that such an explosive development in the comet's brightness would be accompanied by 
drastic changes in the comet's form. Comets P/Schwassmann-Wachmann I and P/Tuttle
Giacobini-Kresak have shown dramatic changes in structure during outbursts in brightness 
(e.g., see Richter, N, B., The Nature of Comets, Methuen & Co., London, pp. 138-144, 
1963). 

Another interesting aspect of the observations presented in this paper is the 
effect of different instruments on the observations. It has been known for some time 
that the brightness and coma diameter of a comet are a function of the instrument used 
to observe it (e.g., see Morris, C. S., Pub. Astron. Soc. Pac., Vol. 85, pp. 470-473). 
However, in the case of P/d'Arrest the appearance of the comet was totally different in 
the 12x50 binoculars or the 12x40 finder when compared to the observations made with the 
15-cm reflector. For instance, in the smaller instruments the comet appeared round with 
a more or less centrally located condensation. In the 15-cm reflector the comet often 
appeared parabolic or hyperbolic with a condensation which was not ~entrally located in 
the coma. Some of the tails observed in the 15-cm reflector were not observed in the 
smaller instruments. More surprising is the fact that the reverse is also true (e.g., 
observation of August 4.23). At least a partial explanation for the discrepancies be
tween observations made with different instruments can be found in a comparison of coma 
diameters measured with the different instruments. The smaller instruments always 
showed a larger coma than the 15-cm reflector. Thus the more nearly circular nature 
of the comet in the smaller instruments is probably the result of observing a fainter 
outer coma not seen in the larger instrument. The reason for the discrepancies in the 
tail observations is not clear at this time. 

When observing a comet, observers are urged to use more than one instrument if 
possible and to record any difference in coma size, magnitude, or structure. It is also 
recommended that a drawing be made whenever significant detail is observed. 
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Figure 4. Drawing of 
Periodic Comet d'Arrest by 
Charles S. Morris on August 
4.24, 1976, U.T. 

Figure 5. Drawing of 
Periodic Comet d'Arrest by 
Charles S. Morris on August 
17.14, 1976, U.T. 

Figure 6. Drawing of 
Periodic Comet d'Arrest by 
Charles S. Morris on August 
18.15, 1976, U.T. There are 
further notes in the text on 
Figures 3-6. 

• 

L 
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Note £l Editor. The reader may like to compare Mr. Morris's drawings and dis
cussion with the report on Periodic Comet d'Arrest by Mr. Derek Wallentinsen in our 
preceding issue, Vol. 27, Nos. 3-4, pages 51-63. 

WIDESPREAD ACTIVITY ON JUPITER l!i 1975-76 

By: Giancarlo Favero and Sergio Ortolani, 
Unione Astrofili Italiani--Jupiter Section 

Abstract 

The outbreak of rapidly moving spots on the North Temperate Belt and the revival 
of the South Equatorial Belt characterized the 1975-76 apparition of Jupiter. The 
marked periodicity in these events and in the speed of the North Equatorial Current have 
been confirmed. A South Tropical Disturbance developed toward the end of the apparition. 

Introduction 

We present here the results of 357 visual observations of Jupiter carried out in 
the period July 12 (1975) -April 1 (1976). The contributing observers are listed be
low by name and by telescopP{s) employed. 

Aresi, Paolo, 6-in. refl. 
Baroni, Sandro, 8-in. refl. 
Camaiti, Plinio, 4 l/2-in. refl. 
Campaner, Paolo, 16-in. refl. 
Canazza, Gianpaolo, 8 l/2 in. refl. 

De Manzano, Roberto, 6-in. refl. 
Eltri, Maurizio,* 8-in. refl. 
Falorni, Marco, 8-in. refl. 
Favero, Giancarlo,* 14-in. refl. 
Filippini, A., 12-in. refl. 

Frosina, Angelo,* 3-in. refr. 
Gambato, Gianpaolo,* 3-in. refr. 
Milani, Antonio,* 6-in. & 12-in. refls., 4 l/2 in. refr. 
Ortolani, Sergio,* 8-in. & 12-in. refls. 
Peloso, Arnaldo,* 8-in. refl. 

Sassone Corsi, Emilio and Paolo, 5-in. refr. 
Stomeo, Enrico,* 8-in. refl. 
Zatti, Paolo,* 12-in. refl., 4 l/2 in. & 6 1/2 in. refrs. 

*Padova Amateur Astronomers Association 

The rotation periods of about 100 atmospheric features were calculated by the 
least squares method from their drift in longitude as estimated by timing more than 2000 
central meridian transits (CMts). A few selected longitude values were measured with a 
micrometer on a number of photographs taken with the Asiago 72-in. refl. (Agfaortho film) 
and with a 12-in. refl. (Ortolani, Kodak Tri-X). The same photographs were also measured 
to obtain the zenographical latitudes of the conspicuous belts (Table I) and of the Red 
Spot. 

The precision of the visual CMts was estimated both against the relevant photo
graphic measures and by timing some transits of the satellite shadows, allowing for the 
phase effect. It has been found that the presence of conspicuous features (e.g., the 
Red Spot) near the CM generally causes large systematic errors (up to ±am). With bal
anced or uniform images (e.g., with bad seeing) systematic errors are practically ne
gligible, and the CMts are subject to accidental errors only (±1~5). 

The standard deviation of the single rotation periods has been estimated from 
the equation: 

where ~At is the longitude rPsidual from the best fit line, n is the number of measures, 
and Xi is the time value. The uncertainty in the estimates of the mean periods of the 
Jovian Currents is the standard deviation from the mean of the rotation periods of the 
single features. 
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Figure 7. Pictorial graph 
of the motion and appearance 
of one of the rapidly moving 
spots at the south edge of 
the North Temperate Belt of 
Jupiter. The longitude in 
System II (horizontal scale) 
is plotted against the day 
in September, 1975 (vertical 
scale). See also text of 
article by Messrs. Favero and 
Ortolani. Oval 2 on this 
chart is the NEBn feature 
appearing in Figure 9 as 
Number 7. 

Figure 8. The 
North Equatorial 
Belt as observed 
on September 20, 
1975. The south 
(upper) edge of 
this belt moves 

NEB in System I long
itude; the north 
edge, in System 
II. 

North Temperate Belt. Outbreak of Rapidly Moving Spots. 

Under favorable seeing conditions the red-brown NTB was observed split in two 
components, according to latitude values (Table I). Between August and December a white 
oval spot lying on the belt was followed which drifted toward higher longitudes with a 
mean period of 9h55m9ss ± 1~0, under the influence of the North Temperate Current A.l 
The longitude of the spot center was 109" (II) on October 30, and the length was about 
10°. 

A great revival on the southern edge of the NTBs, near latitude +23", started on 
September 16 at about 335" (II) with a fast moving white spot (Fig. 7) which showed a 
rotation period of 9h49m9s ±los, belonging to the planet's most rapid North Temperate 
Current c.l ,2 Behind this spot a great number of poorly observed bluish and white fea
tures appeared (Fig. 7), probably moving with an even shorter period,3 and rapidly fill
; ng the NTrZ. 

After the review by Reese and Smith2 of activity outbreaks in the NTBs, single fast
moving spots were observed in 19704 and 19745 associated with a very low latitude of 

93 



the southern component of the belt (about +Z4°). The correlation between the revivals 
of the North Temperate Current C and the minima of the NTBs latitude appears to be con
firmed by the present outbreak, the intensity of which has to be compared with that of 
the revivals observed in 1B80, 1891-9Z, 19Z9-30, and 1939-40.1 In these terms even 
the twelve year periodicity proposed by Reese and SmithZ for the recurrent appearance 
of NTBs rapidly moving spots is fitted by the present data. 

North Equatorial Belt. Possible Periodicity in the 
Velocity of the Great Equatorial Current. 

The NEB was the most conspicuous belt on the planet, displaying a widespread 
activity. The color of the NEBn was estimated as red-orange in contrast with the blue
gray reported for the NEBs. The northern edge of the NEB showed white oval spots and 
bays (Fig. 8), for eight of which the drift in longitude was studied (Fig. 9). Ac
counting for other minor features, we estimated the mean period pf the North Tropical 
Current at 9h55m15s ± 3s. 

On the southern edge of the NEB about twenty projections were observed (Fig. 8), 
which moved (Fig. 10) with a mean period of ghsom3as ± 7s. This value, if compared 
with those reported by Poirier6 and Reese and Beebe,7 can well represent a maximum 
(minimum velocity) in the twelve-year cyclic behavior of the velocity of the Great 
Equatorial Current, Northern Branch, as suggested by Walbaum.6 

South Equatorial Belt. Three Centers of Activity 
in the Great Revival of 1975. 

In July the SEBn appeared intense and slightly separated from the southern half 
of the Equatorial Zone, which remained uniformly veiled by blue-gray material. The 
SEB Z was seen bright and featureless except for a festoon at about 68° (II), discov
ered by Reese on July 5.8 The SEBs appeared thin and faint, even if a little more 
conspicuous than in the previous apparition.9 On August 2 GomezlO and Ortolanill in
dependently discovered a second SEB Disturbance at 208~ (II), and a third one was com
municated by CorteslZ at 1Z0° (II) on August 12. The evolution of these Disturbances 
followed the typical pattern outlined by Reese,l3 the first being the less active and 
the other two being dramatic and mainly SEB Z in character. 

The overall SEBs branch of the revival consisted of a series of small dark spots 
near zenographical latitude -19° (Table I) originating mainly from the centers at 68° 
and Z08°. They drifted in the direction of increasing System II longitude showing a 
mean rotation period of 9h58m34s ± 14s (Fig. 11). 

The SEB Z branch was characterized by alternative dusky columns and light ovals 
(some are shown in Fig. lZ following the RS) originating from the centers at 1Z0° and 
Z08°, advancing in the direction of decreasing longitude with an average rotation per
iod of 9h54m31s ± 1zs (Fig. 11). 

The SEBn branch contained some sparingly observed brown oval spots, dark streaks, 
and double portions of the belt, which showed a mean period of 9h5Qffi49s ± 9s. 

The seats of the Disturbances were observed to decrease slowly in longitude (II) 
with a rough period of 9h55m37s. 

In an effort to find support for the Uniformly Rotating Source Hypothesis of the 
SEB revivals, Reesel3 recently proposed a three-centers system rotating with a period 
of gh55m30~11 ± 0~03. Extrapolation of the drift of A, B, and C (Reese's Sources) to 
the dates of the 1975 starting revivals gave the following residuals (0-C): A (-6°); 
B (-zzo); C (0°). The residuals are interestingly not very large and appear to con
firm the Reese hypothesis under the predetermined tolerance ( Z0°), but it leaves un
explained the misfit in the morphological arrangement which has been respected by the 
B source only. 

Toward the end of the apparition, about early December, 1975, a violet South 
Tropical Disturbance developed, being observed near zoo (II) on Dec~mber ZZ and show
ing a rotation period of 9h55m19s ± zs. In the same zone a conspicuous projection from 
the South Temperate Belt was observed at about the same time (315° on December Z9), 
showing a rotation period of 9h55m19s ± 7S. Both features were followed until the end 
of the apparition. 

The Great Red Spot 

In July and August, 1975 the RS was orange-red in color with a less colorful, 
somewhat indistinct north edge. A noticeable fading of the Spot, especially in the 
northern half, occurred suddenly about September 17. If, according to Sato,l4 this fad
ing is attributed to interaction with the retrograding SEBs dark spots, by using the 
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Figure 9. Drift chart, 
longitude (II) vs. date, 
of features observed at the 
north edge of the North 
Equatorial Belt of Jupiter 
in 1975-76. See also text 
of accompanying Jupiter 
article by Messrs. Favero 
and Ortolani . 

Figure 10. Drift 
chart, longitude (I) 
vs. date, of features 

\ 
observed at the south 
edge of the North 
Equatorial Belt of 
Jupiter in 1975-76. 
The dots are fes-
toons, and the cir-
cles are the centers 
of white areas. The 
dashed lines repre-
sent tentative iden-
tifications not 
utili zed in the 
reduction of rota-
tion periods. 



0 so 100 150 200 250 388 8 50 

1975 t 
RS 

~tett·.Sf'Or --- SEBs 
-- SEBZ 

11 
AUG Z1 

ll 
tO. 

SEP tl 

• 
OCT 

.. 
zt 

• 
t ---., 

NOV ' '-, 11 

SYSTEM D LONGITUDE 

Figure 11. Drift chart, longitude (II) vs. date, of features observed in the SEB 5 
(dashed lines) and the SEB Z (solid lines) of Jupiter in 1975-76. The near-vertical 
lines are the preceding and following ends of the Great Red Spot. See also text. 

Figure 12. Photograph of Jupiter on 
October 30, 1975 at zzhl6m, Universal 
Time, with the Asiago 72-inch reflector 
and Agfaortho film. C.M.1 = 44?2; 
C.M.z = 62?6. Note the fading of the 
northern half of the Red Spot, the dark 
oval in the upper left quarter of the 
disc. Following (right of) the Red Spot 
are some of the SEB Z columns and white 
ovals mentioned in the text. Simply 
inverted image with south at top. 

* * * * * * * * * * * * * * * 

periods observed for these features, we can calculate as follows the dates of the spots' 
ejection from the three centers of activity: 

origin at 68° : 
origin at 120°: 
origin at 208°: 

28 June - 8 July (observed: 
9 - 19 July (observed: 
1 - 8 August (observed: 

5 July) 
12 August) 

2 August) 

These figures appear to indicate that the RS faded when it was reached by the SEB 5 spots 
originating from either or both of the 68° and 208° Distutbance seats at the time of the 
start of their activity. 

From 60 CMts estimates of the Red Spot center's longitude we derived a mean rota
tion period of gh55m43~6 ± 0~3 between August 2 and April 1. The RS's drift (Fig. 13) 
has possibly undergone marked variations (e.g., a sudden deceleration in October), but 
the mean errors mentioned in the Introduction prevent us from deducing reliable data 
over limited intervals of time. 
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* * * * * * * * * * * * * * * 

The length of the RS was estimated at 22?9 ± 0?5 on October 30 when the zenographic 
latitude of the center was -22?8 ± 0?5. 

South Temperate Belt. Old and New White Oval Spots. 

The brown-violet STB was intense between the ovals BC and DE and was barely visible 
around oval FA up to the RS. On the southern edge of the belt the ovals mentioned, and 
two other white ovals, were observed, enabling us to calculate the rotation periods 
listed in Table II. It is worth noticing that the monthly drifts of FA, BC, and DE with 
respect to the RS position are in agreement with the behavior observed by Reese between 
1955 and 1970.15,4 This is shown in Figure 14,.where we collected also our 1971-1976 
results representing mean values observed during the whole of one apparition or those 
calculated during the interval between two successive apparitions. The velocity varia
tions thus estimated are very small in· contrast with those about ten times greater cal
culated by other authors,l6 who computed relatively instantaneous velocities, being un
aware of the large systematic errors arising in proximity to the RS. 

Conclusions 

This report has pointed out the marked tendency of some of Jupiter's phenomena to 
occur with a twelve-year periodicity. On the other hand, phenomena occurring with a 
greater frequency have confirmed the tendency to follow well established activity se
quences. 

We are currently working out an hypothesis of a unique modulating cause for the 
overall activity of Jupiter's atmosphere. 
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Table I. Observed Zenographic Latitudes of the Belts on October 30, 1975 
(SD is standard deviation) 

BELT LATITUDE ±SD 

NAB +52?9 2?0 
NNNTB +43?3 l ?5 
NNTB +35?0 l ?0 
NTBn +30?7 0?5 
NTBs +25?2 0?5 

N edge NEBn +18?3 0?5 
S edge NEBs + 7?2 0?5 
EB + 1?7 0?5 
SEBn - 7?9 0?5 
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Table I ' continued. 

Belt Latitude ±SD 

SEBs -19°2 0~5 

STB -30~7 0~5 
SSTB -40~6 1 ~0 
SSSTB -52~5 2~0 

Table II. Rotation Periods of the STB-STeZ White Ovals in 1975-76. 

Fe a tu rea Long. (II )on Monthl'f. Drift Rotation Period 
Oct.30, 1975 (±SD) (±SD) 

FA 350° -19~4 ( 1 ~0) 9h55m14~1 (1~4) 
BC 45° -18~9 (0?6) 14~7 (0~8) 
DE 175° -17~9 (0~4) 16~1 ( 0~56 
4 235° -27~5 ( 1 ~5) b 3S (2S) 
5 300° -16~0 ( 1 ~0) 18~7 (1~4) 

aSee Fig. 13. 

bS.S. Temperate Current: this spot was entirely within the STeZ. 

Postscript b'f. Editor. We are grateful to the authors and their co-workers in the 
Unione Astrofili Italiani for this opportunity to present ongoing Jupiter studies in 
Italy to our readers. We are also glad to note that our colleagues there determine and 
publish standard deviations of the rotation periods of individual Jovian features, as 
well as of the average period for a particular atmospheric current. This refinement 
helps the user of such data to evaluate its significance and would be a desirable addi
tion to future A.L.P.O. Jupiter reports. 

Readers keenly interested in Jupiter may want to compare the foregoing article 
by Messrs. Favero and Ortolani with several reports on the same 1975-76 apparition in 
this journal, namely: 

1. "Current Events on Jupiter and Jupiter Section Activities," Journal A.L.P.O., 
Vol. 25, Nos. 11-12, pp. 257-258 and front cover, 1976. 

2. Phillip W. Budine, "Jupiter in 1975-76: Rotation Periods," J.A L.P.O., Vol. 
26, Nos. 11-12, pp. 217-231, 1977. 

3. Phillip W. Budine, "Measured Photographic Latitudes on Jupiter in 1975-76," 
J.A.L.P.O., Vol. 26, Nos. 11-12, pp. 231-233, 1977. 

4. Paul K. Mackal, "The 1975 Triple S.E.B. Disturbance on Jupiter," J.A.L P.O., 
Vol. 26, Nos. 9-10, pp. 184-192, 1977. 

5. Paul K. Mackal, "The Appearance of Jupiter in 1975-76: The North Hemisphere," 
J.A.L.P.O., Vol. 27, Nos. 1-2, pp. 24-30,1977. 

6. The article by Paul K. Mackal immediately following this one. 

THE APPEARANCE Q[ JUPITER .lli 1975-76: THE EQUATOR AND HIGH SOUTHERN LATITUDES 

By: Paul K. Mackal, A.L.P.O. Jupiter Recorder 

Foreword by Editor. The present article may be regarded as a sequel to Mr. 
Mackal's paper, "The Appearance of Jupiter in 1975-76: The North Hemisphere" in JQu.r.
.!@1 A.L.P.O., Vol., 27, Nos. 1-2, pp. 24-30. T.he participating observers are again 
those listed on pages 24 and 25 in that article. In the illustrations which accompany 
the present article the orientation of the planet is always. a simply inverted image 
with south at the top. 

The Equator of Jupiter in 1975 

The NEB was a weak belt during the inception of the NTrZ Disturbance, and appeared 
to be in evident decline. As early as June 9, 1975, Osawa described the belt, which ex
hibited two separate components, as. chocolate brown at 235°I. By June 30 Osawa described 
the color of the south edge of the NEBn as yellow-orange, while the north edge remained 
reddish brown, at 95°I. The preceding end of the NEBs also started here; its color was 
bluish-gray. At this time the color difference between the two components was minimal. 
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Confirmation of this appearance can be seen on July 29 at 109°1 on a photo by G. 
Viscardy. Certainly this was the first part of subsequ~nt activity in the NEB seen in 
1975 by the A.L.P.O. This activity was confined to a single point, however; for Vis
cardy showed a quiet NEB at 140°1 on Aug. 5. By Aug. 15 a photo by Viscardy clearly 
demonstrated that the NEB was passing into its single aspect at 290°1, just as it was 
trying to do in late 1974! Once again, the south edge of the NEB appeared a little 
darker than the north edge of the same belt. Viscardy also captured this appearance on 
a photo at 252°1 on Aug. 17. By Aug. 24 Osawa described the entire belt as brown from 
4° to 13°1. Indications of festoon cycles in the EZ were seen also, consisting of dou
ble festoons with some curvilinear quality. Prior observations had shown only faint 
gray columns in the EZ. 

On Sept. 4, 1975, the NEB exhibited a large double cycle at 110°1, which was most 
surely the origin of the false EB on Jupiter! This observation was made by T. Osawa. 
The very first festoon originated from a dark spot on the south edge of the NEB, while 
the second one originated from a dark knot of material in the NEBn. The belt was al
ready beginning to go back to its double aspect, as it briefly revived. This double as
pect was clearest on Sept. 5 at 150°1, where two large double cycles of festoons were 
located and were separated by a bright white oval, according to Osawa. Festoons could 
also be seen at 178°1 and 185°1. The NEB was darker brown gray but began to take on a 
distinctive red cast at this longitude, which color was to become fully developed by 
Oct. 4. The NEBn was slowly becoming red-brown, while the NEBs remained cooler in col
or. A black and white photo by Hull showed the NEBn weak on Sept. 21, however. The 
longitude was not given, but it was certainly not part of the NEB revival. The disturbed 
belt could be seen as far as 219°1, however, according to Osawa, by Sept. 24. As with 
the minor events of 1974, 1975 was proving to show something of an aborted disturbance 
in the NEB. Another photo by R. Hull, taken on Sept. 29, showed the NEBn firm, straight, 
and dark. A color photo by Hull on Oct. 4 confirmed that this heightened intensity in 
the NEBn was red-orange. This hue was confirmed by J. Dragesco on Sept. 30 at 331°1, 
but not on Oct. 3 at 31 or. 

EZ festoons were seen by Dragesco on Oct. 21 and Oct. 23, 1975, at 48°1 and 0°1 
respectively. Longitude 45°1 was undoubtedly another point of eruption in the NEBs, 
due to the evident darkness of both the EB and the SEBn following this position. Dra
gesco drew a fantastically weak section in the NEBn some 50° long on Oct. 26 at 124°1. 
This appeared to herald the beginning of the demise of the original point of eruption in 
the NEB. G. Viscardy showed a dark strong NEBn on Oct. 27 at 286°1. (A. Heath had still 
called the NEB reddish brown at 167°1 on Oct. 24.) Yet, whether or not this area was in 
decline, another area was beginning to become prominent. This new NEB Disturbance was 
located at 22°1 by A. Heath on Oct. 28. Here the NEB was double. A second eruption 
point was placed at 52°1 on Oct. 3, according to Heath. It was also dark at 45°1, as of 
Nov. ll, according to Dragesco. The NEBn and the NEBs were both strong at 156°1 on Nov. 
18, according to Dragesco. On Nov. 13 Heath indicated in his intensity report that the 
NEBn was dark purple at 345°1! On Nov. 20 he recorded a third NEB Disturbance point in 
region two at 73°1. On Nov. 29 he still perceived the belt to be double at 80°1. This 
re-eruption of the NEB helped to continue the overall activity of the belt, in spite of 
the initial demise of the first region of the eruption in certain longitudes. Other 
points of eruption past 110°1 continued active as, e.g., at 286°1 on Dec. 8, where the 
NEB remained double. The NEBn remained darker than the NEBs by one whole intensity step 
(scale of ten steps} for the duration of the 1975 apparition and on into early 1976. 
Finally, the older disturbance region was observed by Heath on Dec. 28, as far as 196°1. 
It was very bright in a red filter. The NEB appears only to have lost its red color and 
double nature during the very tail-end of the apparition and during conjunction with the 
Sun, as was later confirmed by fresh observations in July and August of 1976. 

The Extreme South Hemisphere of Jupiter in 1975 

On Aug. 30, 1975, Hull photographed the STB as a dark brown belt of uniform inten
sity. Dark and faint patches in this belt were seen by Dragesco on Sept. 19 at 350°11, 
and again on Sept. 24 at 13°11. He also drew the SSTB. A dark STB following STeZ oval 
BC in near-conjunction with the Red Spot was photographed by Rouse on Sept. 30. By Oct. 4 
Hull showed the STB weaker than the NTB and of a fawn color. The SSTB was confirmed at 
43°11 on Oct. 23 by Budine. The STB branch preceding the RS in longitude remained nearly 
invisible on Oct. 29, according to Hull. This faintness was confirmed by Heath on Oct. 30 
at 29°11. Heath also observed the SSTB dark preceding oval BC on this date. By Nov. 15 
Capen showed the SSTB extinguished just prior to the center of the RS's extreme southern 
point of contact with the gray preceding end of this branch. It was just behind the long
enduring white oval, BC. By Dec. 12, Sherrod showed the belt well ahead of the RS due to 
the motion of the oval BC relative to the Red Spot. This aspect was confirmed by Dragesco 
on Dec. 22, at 20:32 U.T. and again on Jan. 18, 1976, at 70°11. The SSTB was still some
what darker where the STB was extremely faint on this last date, even over oval BC. 

(text continued on page 104} 
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SELECTED A.l.P.O. DRAWINGS AND PHOTOGRAPHS OF JUPITER IN 1975 

Fig. 15. Drawing by T. Osawa. June 9. 12.5-in. refl., 335X. C.M.~235"(1), 273°(Il). 
Fig. 16. Drawing by T. Osawa. June 30. 12.5-in. ref1., 391X. C.M.=95°(I), 325°(!1). 
Fig. 17. Photo. by G. Viscardy. July 29, 21-in. ref1. C.t'..;109°(I), 124°(II). Fig. 18. 
Photo. by G. Viscardy. Aug. 5. 21-in. refl. C.M.=l40°(I), lOP(II). Fig. 19. Photo. by G. 
Viscardy, Aug. 15, 21-in. refl. C.M.=290°(I), 174°(!1). Fig. 20. Photo. by G. Viscardy. 
Aug. 17. 21-in. refl. C.M.=252°(I), 121°(1!). Fig. 21. Drawing by T. Osawa. Aug. 24. 12.5-
in. ref1. C.M.=4°-l3°(I), 182°-l9P(II). Fig. 22. Drawing by T. Osawa. Sept. 4. 12.5-in. 
refl. C.M.=ll8°(l), 144°(!!). Fig. 23. Drawing by T. Osawa. Sept. 5. 12.5-in. refl. C.M.= 
176°(1), 255°(1!). 
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SELECTED A.L.P.O. DRAHINGS AND PHOTOGRAPHS OF JUPITER IN 1975 

Fig, J2 Fig. 33 Fig. 34 

Fig. 24. Photo. by R. L. Hull. Sept. 21. 12-in. refl. Fig. 25. Drawing by T. Osawa. Sept. 
24. 12.5-in. refl. C.M.=2l9°(I), 154°(11). Fig. 26. Photo. by R. L. Hull. Sept. 29. 12-in. 
refl. Fig. 27. Drawing by J. Dragesco. Sept. 30. 10-in. refl., 265X. C.M.=33l 0 (I), 2l8°{II). 
Figs. 28-31 are all drawings by J. Dragesco with a 10-in. refl. Dates and C.M.'s are as fol
lows: Fig. 28, Oct. 3, 3JO(I), 254°(!I); Fig. 29, Oct. 21, 48°(!), 13r(II); Fig. 30, Oct. 
23, 0°(I), 68°(Il); Fig. 31, Oct. 25, 124°(1), 170°(1!). Fig. 32. Photo. by G. Viscardy. 
Oct. 27. 21-in. refl. C.M.=286°(I), 327°(1I). Fig 33. Drawing by J. Dragesco. Nov. 11. lO
in. refl. C.M.=45°(I), 329°(11). Fig. 34. Drawing by J. Dragesco. Nov. 18. 10-in. refl. 
C.M.=156°(I), 49°(11). The dusky oval of the Red Spot is well shown in Figures 30 and 34. 
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SELECTED A.L.P.O. DRAWINGS AND PHOTOGRAPHS OF JUPITER IN 1975 

s 36 

Fig. 35. Photo. by R. L. Hull, original in color. Aug. 30. 12-in. refl. Fig. 36. Drawing 
(in color) of Red Spot region by C. F. Capen. Sept. 6. Lowell Obs. 12-in. refr., 305X and 
24-in. refr., 810X. Fig. 37. Drawing by J. Dragesco. Sept. 19. 10-in. refl., 265X. C.M.=18° 
(I), 350°(1!). Fig. 38. Drawing by J. Dragesco. Sept. 24. 10-in. refl. C.M.=79°(!), l3°(II). 
Fig. 39. Photo. by J. K. Rouse. Sept. 30. 8-in. refl. C.M.=322°(I), 212°(II). Fig. 40. 
Photo. by R. L. Hull, original in color. Oct. 4. 12-in. ref1. The vertical black streaks 
are blemishes. Fig. 41. Drawing by P. W. Budine. Oct. 23. 4-in. refr., 214X. C.M.=325°(I), 
43°(!I). Fig. 42. Photo. by R. L. Hull. Oct. 29. 12-in. refl. Fig. 43. Drawing by A. W. 
Heath. Oct. 30. 12-in. refl., 190X. C.M.=l0°(I), 29°(II). 
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SELECTED A.L.P.O. DRAWINGS AND PHOTOGRAPHS OF JUPITER IN 1975 

Fig. 44. Drawing (in color) of Red Spot region by C. F. Capen. Nov. 15. 24-in. refr.,810X. 
Fig. 45. Drawing of Red Spot region by C. Sherrod. Dec. 12. 5-in. refr., 285X. Fig. 46. 
Drawing of Red Spot region by J. Dragesco. Pic du Midi Observatory 42-in. refl. 20h32m, 
U.T. Fig. 47. Drawing by J. Dragesco. Jan. 18, 1976. 10-in. refl .. , 265X. C.M.=l05°(!), 
70°(II). Fig. 48. Drawing of Ganymede (Jupiter Ill) by C. F. Capen. Dec. 12. 24-in. refr. 
Seeing good. 1h7m - 1hsom, U.T. 

* * * * * * * * * * * * * * * 
A final word of comment. The STB never became reddish in color during the 1975 ap

parition of Jupiter, even on Oct. 4, 1975, when the NEBn became intensely reddish brown. 
This fact, irrelevant as it first seems, militates strongly against the notion of a wide
spread zenological disturbance on the planet in 1975, comparable to the event of 1967-68. 
Surely, the inconspicuousness of the STB in 1975 was very like its showing in 1974. It is 
now unlikely to suppose that it participated in the events of 1975 in any comparable fash
ion to its strength in 1967-68. Parenthetically, the lessened activity of the NEB in both 
1974 and 1975 also appears to militate strongly in favor of two independent events on Ju
piter in 1975--one located in the SEB Z, the other in the NTrZ. 

A Few Comments by the Editor on the Illustrations on Pages 101-104. Figure 46 
should be of special interest as a drawing of the Red Spot by an experienced observer with 
a large telescope. Figures 41 and 43 show STeZ Oval BC near conjunction with the Red Spot. 
Figure 25 shows Jupiter III beginning to transit in high southern latitudes on the right 
limb of Jupiter (at 15h14m, U.T.), while the shadow of Ill is present approaching the left 
limb. Figure 21 shows the festoon across the SEB Z marking the initial outbreak of SEB 
Disturbance No. 3 of 1975. 
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AN UPDATE ON SOUTH EQUATORIAL BELT DISTURBANCE ANALYSIS: E.ll.Rli ]}I_Q_ 1llill. THREE 

By: Ron Doel, A.L.P.O. Assistant Jupiter Recorder 

Foreword .Qy Editor. Mr. Doel 's present article is a continuation of his "An Up
date on South Equatorial Belt Disturbance Analysis. Part One" in Journal A.L.P.O., Vol. 
26, Nos. ll-12, pp. 254-257, 1977 (August). We regret the delay between publishing these 
closely related papers. The list of references for both papers has already been partially 
published on pages 256-257 of the earlier paper. We commend this article to the close 
attention of all Jupiter enthusiasts among our readers as a refreshing and thoughtful re
examination of a long-known problem. 

Abstract 

Past and present studies of Jupiter's South Equatorial Belt Disturbances are com
pared and are interpreted. Reasons are given to suggest that a three-time "zenological" 
pattern of eruption activity is currently in operation and has been for at least a cen
tury. An active Disturbance model is presented, highlighting the interrelation to the 
Great Red Spot and its probable role in SEB Disturbance growth. A history of prominent 
colors noted during these eruptions is also presented, with an analysis of three possible 
color-producing mechanisms. Among these, organic polymer production appears the most 
suitable. Studies of methane-light measurements are described which reveal that material 
from active Disturbances is comparatively warm, thus suggesting a sub-atmospheric origin. 
Hints for further observations are included. 

Part Two 

Most astronomers, including myself, have been using the word "eruption" to describe 
the periodic events occurring in the SEB. It's a word that conjures up images of material 
being flung violently from a series of vents--or perhaps volcanoes--and is in fact a pret
ty good picture of what's happening in Jupiter's atmosphere. Let's take a look at the 
specifics. 

Official S.E.B. Disturbances--by definition beginning with the first dark material 
observed--are usually seen only after the appearance in the SEB Z of a brilliant white 
oval. Not only are these ovals bright--they also appear incredibly big. British obser
vers were amazed to see in both 1919 and 1943 that these spots actually projected beyond 
the limb into space as Jupiter's rotation presented them tangentially to Earth.21 It's 
a spectacular piece of information. For them to be seen that way from our planet, we 
would suspect that these ovals were pretty high in the Jovian atmosphere--as if ejected 
from below at a considerable velocity. Professional studies tend to confirm this: an 
observation made at the Catalina Observatory of the bright white spot heralding the im
minent appearance of Disturbance l971A revealed that it drifted from the SEB Z to the 
SEBn, then eventually over the E.Z. While approaching the SEBn, the oval had accelerated 
slowly. This fact suggests that the spot was unattached to the visible cloud deck.22 
The subsequent dispersal of dark material pourlng from the Disturbance seats also gives 
credence to the idea that this material is transported from below the visible clouds and 
then ejected into the prevailing winds over the SEB Z. The final blow against the notion 
that SEB Disturbances are merely manifestations in the upper atmosphere is the slow ro
tational period of System III. This system, as we've already noted, corresponds with 
nothing else ever observed or timed in the visible Jovian cloud deck. 

Thus, to adequately explain the phenomenon of SEB eruptions, we do best to begin 
considering the orb as a whole. The American spacecraft Pioneer 10, swimming past Jupi
ter in December of 1974, confirmed one important hunch: that Jupiter, unlike Earth, 
possesses an internal source of energy. For every unit of energy received from the Sun, 
Jupiter returns 2.7 times as much. What this means is that atmospheric temperatures 
below the upper clouds are primarily determined by Jupiter, not by the amount of radia
tion received from the Sun, and are reasonably stable. It's a detail we'll come back 
to later. 

These clouds are by composition 85% hydrogen and 14% helium--an inert gas--with 
the remaining one percent a blend of ammonia (NH 3), methane (CH4), and other rarefied 
gases. Large quantities of water in droplet form are believed to exist in a region 
sandwiched below the highest ammonia clouds overlying the zones. Jupiter's clouds are 
similar to Earth's in one way; both are formed by condensation. 

This same Pioneer spacecraft also gave us a fresh picture of the planet's overall 
composition: an atmosphere extending six hundred miles below the cloud tops, merging 
finally with a sea of liquid hydrogen (the transition would not be sudden, like the air 
meeting our oceans, but instead a gradual mixing), with a solid surface, if any exists 
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at all, appe~ring at the very bottom of the pile as a tiny rocky core no greater than 
15,000 miles in diameter. Since Jupiter's total diameter is 178,000 miles including 
the atmosphere, the effect this core has on the upper atmosphere is negligible at best. 
See Figure 49. 

Temperatures range from about -l90°F. (-l23°C) at the cloud-tops to a scorching 
3600°F. (2000°C) at the liquid hydrogen transition layer. Between the two, interesting
ly, are several million cubic miles where the readings would hover at room temperatures.23 

But perhaps the greatest finding transmitted from Pioneer 10 was its verification 
that Jovian clouds' structures result from "weather systems" not at all unlike those 
found on Earth. The belts and zones, comparable to our own cyclones and anti-cyclones 
(revolving in the opposite direction), have been stretched into bands which girdle the 
planet because of severe Coriolis forces fired by Jupiter's rapid rotation. Rising, 
cooler gases are observed in Jupiter's zones, while hotter, presumably low-level gases 
compose the belts. Convective currents boil throughout the atmosphere, propelling hotter 
material outwards where it rapidly cools and falls back into the lower reaches of the 
atmosphere. There's a good analogy between the belt and zone structures of Jupiter's 
atmosphere and the prevailing wind currents of our own planet. The currents which vary 
in velocity within System II (there's a jet stream, for example, in the NTBs) can be ex
plained as friction between overlying atmospheric currents; and there exists on Jupiter, 
as well as on the Earth, a poleward displacement of the flow pattern.24 Because Jupiter's 
primary source of heat is internal, radiant energy reaches all parts of the planet's at
mosphere in equal amounts, a process aided by Jupiter's presumably liquid character.25 
Our analogy between the Giant Planet and the Earth has still another dimension: even the 
swifter currents called System I have a counterpart in our upper atmosphere.26 

This alone tells us little about the makings of SEB Disturbances. The Red Spot is 
considerably more helpful. This ephemeral feature appears to be intimately associated 
with the zenological patterns involving SEB Disturbances--a fact Phil Budine has already 
noted--since eruptions invariably follow shifts in the Spot's rotational period. Prior to 
1964, and again in 1975, all outbreaks caused the Spot to fade markedly. That alone is 
significant. But in addition, despite their radically different appearances, the Red Spot 
and SEB Disturbances also share adjoining neighborhoods, display matching colors, and 
experience moments of reciprocating intensity with one another. Such correlations are 
best not overlooked. 

Owens and Mason, studying the absorption of strong methane bands in the vicinity 27 
of the Red Spot, have estimated that it rides above the atmosphere by nearly eight miles. 
Pioneer 10 placed the Red Spot a little lower, making its judgement after measuring sun
light reflected from the Spot as it neared the terminator.28 As expected, because of its 
high elevation, no ammonia haze could be detected above the Spot. 

Sustaining the Red Spot above the cloud deck requires an energy source--and once 
more Earth's own weather system provides us a clue. The late Gerald Kuiper, searching for 
the mechanism which supported it, discovered that thunderstorms along our own tropical 
convergence possess these same properties--and if transposed to Jupiter's scale, are cap
able of producing the Red Spot phenomenon.29 Such tempests, referred to by meteorolo
gists as "steady-state" storms, receive their energy from the latent heat of condensed 
water (Figure 50). Even on Earth, the characteristic "anvil" cloud of these thunder
storms often rises nearly eleven miles into the atmosphere and expands to one hundred 
times larger than its base. (If you're interested in reading more about this, you'd en
joy Kuiper's original article, "Lunar and Planetary Laboratory Studies of Jupiter--Il," 
which appeared in the February, 1972 issue of~ and Telescope magazine.) 

Steady-state storms finally break up when they lose their energy supply--the con
densed water--which returns to the ocean as rain. This heat-laden moisture is drawn into 
these storms by convection currents in a multitude of cumulus columns which exist for 
only hours. Unless renewed by evaporation or fresh, moist air transported up by new col
umns--a process limited by the variability of Earth's day-to-night heat supply--such 
storms are doomed to lifetimes of merely several days. Even so, these amazing storms 
have been observed to trot across the entire Pacific Ocean, from Hong Kong to Venezuela. 

Jupiter's meteorology, on the other hand, since it is internally driven, would al
low such columns to propagate indefinitely. Condensation lost on Earth would be imme
diately evaporated and recycled into the tower by the warm lower atmosphere. Thus, the 
oddity among oddities, Jupiter's Great Red Spot, is merely a super thunderstorm--better 
yet, a super hurricane, revolving counterclockwise in the same manner as terrestrial cy
clones do in our own southern hemisphere. Checked in latitude by the winds of the South 
Tropical "weather" Zone, its only expected motion should be a slow migration in longitude 
--which is exactly what is seen. Kuiper's model proposes a highly active region of col
umns with a diameter of 1800 miles beneath the visible Red Spot. Noting that the Spot's 
average rotation is slower than even the Source Lines of System Ill, Kuiper proposes 
that this velocity is a result of the formation of new towers along the leading edge of 
the array--the current 90-day oscillations in the Red Spot's longitude are what would be 
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Figure 49. Proposed model of Jupiter 
derived from Pioneer 10 observations. 
Building from a small, rocky core at 
54,000°F, Jupiter's inner region appears 
to be liquid metallic hydrogen, then, at 
lighter pressure, simply liquid hydro
gen (cross-hatched). At the top, en
larged, is the upper atmosphere. Above 
the liquid hydrogen transition layer, 
the atmosphere is probably stratified 
with liquid water drops, water-ice crys
tals, and ammonia hydro-sulphide crystals 
and is topped by ammonia ice crystals, 

POSSIBLE which compose the visible cloud deck. 
"SEA" OF Courtesy of NASA. 

HELIUM 
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Figure 50. Moving walls 
of warm atmosphere, 
called "columns," are 
responsible for "steady
state" storms observed 
in the Pacific Ocean. 
Adapted to Jupiter's' 
larger scale and environ
ment, they may explain 
the interaction between 
the Red Spot and SEB 
Disturbances. Courtesy 
of NASA. 



expected from an asymmetrical vortex, 2000 miles in diameter, "rolling" along its 360° 
path in about five years.30 

This result, in turn, should indirectly lead us to the cause of SEB Disturbances, 
for Kuiper further adds: "condensation in the low, warm water-vapor level should lead 
to a temperature inversion between it and the overlying NH3 and H2S condensation layers. 
The build-up of trapped heat would gradually become great enough to overcome the inver
sion, eventually causing an almost explosive growth of cumulus columns below the ammonia 
layer ... for Jupiter, the amount of energy required for this break-through would take 
about eight years to accumulate at Jupiter's rate of internal heat flux [calculated using 
F. J. Low's value for the effective temperature of Jupiter, which allows for solar radia
tion.] This is about the order of magnitude for the observed time interval between major 
SEB outbreaks."31 

Yet we have seen that eight years this interval is not. The apparent conflict is 
reduced because Low's value, generally accepted at the time of Kuiper's writing in 1972, 
is now considered too low itself--a higher internal temperature would significantly raise 
both the energy-flux values and convection rates, making the interval shorter. Kuiper 
also based his calculations on a solid crust he believed existed below the six-hundred
mile-deep atmosphere--a prediction we're no longer too confident about. Allowing for 
these few revisions, Kuiper's brilliant insights are invaluable clues to the mechanisms 
governing SEB Disturbances. 

Good as it is, however, the theory does come with its standard set of pitfalls. 
It doesn't explain, for example, why the Red Spot can demonstrate either a lengthening 
or shortening of its rotational period prior to Disturbances.32 Nor does it account for 
the fact that the Spot has behaved according to Kuiper's five-year cycle only in recent 
years. From 1946 to 1960, Reese has written, the oscillations in longitude were simply 
not regular. 33 

We also have to consider the morphology of large-scale SEB Disturbances. Wacker's 
study indicates a sweeping sequence of activity which involves both the tropical and 
equatorial areas of the planet--perhaps seventy percent of the total atmosphere, or more. 
Activity, as we've also noted, appears balanced between the north and south hemispheres. 
This would presumably require disruptive forces to cross the E.Z. But R. B. Minton has 
suggested that the high energy flux and extremely strong convection currents characteriz
ing System I, the E.Z., might prevent such an inversion layer from forming.34 If the 
North and South Equatorial Belts are somehow connected through the Equatorial Zone, could 
the absence of an inversion layer in the E.Z. provide an "escape valve" and prevent the 
pressure build-up necessary to trigger a Disturbance? Perhaps. But further evidence 
suggests otherwise. The sudden, cataclysmic appearance of Disturbance material has been 
remarkably consistent. And if the SEB were disturbed by a "pressure leak" through the 
E.Z., we would expect that this would have some visible effect on the warm condensation 
columns powering the adjoining Red Spot. If disrupted in any way, a break in the flow 
would necessarily lower the maximum height of the anvil cloud-tops, causing the Spot to 
fade--either before or after the actual eruption--perhaps as a result of the Spot's 
sinking below the level of the surrounding ammonia clouds, or from a change in the color
producing mechanism because of its declining elevation amidst these clouds, making the 
Spot difficult to detect. But this isn't what has been observed. To the contrary, the 
Great Red Spot doesn't begin to fade until after an official Disturbance explodes. 

We close this section with a question:--from 1962 to 1975, the Red Spot remained 
consistently prominent--even though four SEB Disturbances climaxed during these years. 
Several of these eruptions were admittedly weaker than most others. But this absolute 
lack of penetration in the Red Spot continues to be a mystery. 

Part Three 

Those of you who have seen SEB Disturbances are aware of their colorful habits. 
Prior to an eruption, the SEB Z is devoid of markings and usually appears faintly blue. 
Descriptions of "bluish" or "gray" coloration preceding turn-of-the-century Disturbances 
have frequently appeared in the~ Memoirs;35 the same has been noted in A.L.P.O. 
records from 1961 to 1974.36 The SEBn often retains a fair quantity of red pigment at 
such times, but not always--an 82-inch McDonald Observatory photograph revealed anal
most blue SEB in 1964, with only very minor traces of red.37 A color disc drawn by 
Joe Vitous in April of 1968 shows a blue SEBn--and one month later, a spectacular array 
of protuberances, barges, and spots invaded the SEB.38 Although no official Disturbance 
was recorded that year, the material surfaced at approximately 333°(II), thus within 
several degrees of where Source Line A was at the time. Even the thread-like pale blue 
SEBs• often inconspicuous, has occasionally shown a tendency to redness immediately prior 
to an eruption. 

Like the material spewing fromSEB Disturbances, the dark matter which initiated 
the NEB eruptions over three generations ago was also deeply reddish. Wynn Wacker has 
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Figure 51. Convective columns, like those in terrestrial thunderstorms, are capable of 
producing and sustaining Jupiter's Red Spot--or perhaps Spots. Over Lake-of-the-Woods, 
Ontario, this warm, moisture-laden tower began its titanic rise about mid-day on June 22, 
1975. Photograph by Ron Doel. 

Figure 52. The characteristic cloud of a maturing cumulus thunderhead grows to immense 
proportions near Jamestown, North Dakota. Note the curious resemblance to the outline 
of Jupiter's Great Red Spot. Photograph by Ron Doel. 

* * * * * * * * * * * * * * * 

generalized this result, stating that "most of the Jovian belts exhibit a strong red or 
orange-red color when undergoing high activity.•39 He also adds, interestingly, that the 
SEB's reddish hue following a Disturbance stems from the dark material distributed by the 
Disturbance itself , c1ting the 1952 observations by Reese. Red tints linger in the en
tire SEB for nearly a year after the actual eruption seats have shut down. Gradually, the 
reds mellow to brown or orange, then clear entirely. The zone remains clear, white, and 
brilliant until the bluish tints preceding the next Disturbance once again put in their 
appearance. Though scarce, color records of the NEB prior to and following the first 
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Figure 53. The drawing above combined with Figures 54 and 55 show the Great Red Spot of 
Jupiter in different stages of the SEB Disturbance cycle. Figure 53 shows it in 1974, 
three years after Disturbance 1971A and one year before Disturbances 1975A, B, and C. 
Drawing by Ron Doel on October 3, 1974 with the 40-inch reflector of the Lindheimer As
tronomical Research Center, Evanston, IL. Seeing 8 (very good), transparency 4 (clear). 
Note the tremendous amount of very fine detail in the belts and within the Red Spot 
revealed by the large aperture and superior seeing. No remarkable distortion could be 
noticed within the Red Spot itself. 

srn 

Figure 54. The Red Spot in 1962 soon before the eruption of the S~B Disturbance that 
year, an outbreak relatively "immune" from counteracting South Tropical Zone influences. 
Drawing by Elmer J. Reese on July~ 1962, 8-inch reflector, seeing 6 (fairly good), 
transparency 5 (very clear). Note the interior structure of the Red Spot. 

* * * * * * * * * * * * * * * 
recorded outbreaks in 1893 indicate that a similar color fade-off occurred following 
these eruptions, with reddish material dilating to brown, reddish-brown, or orange in 
the months following a Disturbance.40 

However, the colors highlighting the actual Disturbances, and not just the sur
rounding SEB, are the most intriguing of all. Joe Vitous called the evolving SEB Z fes
toon crimson against a sapphire background in 1962.41 Observing the retrograding spots 
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Figure 55, The Red Spot in 1968, 
a year when an SEB Disturbance was 
suspected, but never confirmed. 
(See text of Mr. Doel 's article.) 
Note the mottling within the Spot.---------------
Drawing by Phillip W. Budine on 
April 10, 1968, seeing 7-8 (good), 
transparency 3 (rather poor), 10-
inch reflector. The numbers near 
the left edge are longitudes in 
System II. 

* * * * * * * * * 
a 1 ong the SEBs in 1971 , Elmer 
Reese noted that they turned blue 
only Mill moving away from the 
seat of the Disturbance. Pre
viously they had appeared orange12 
This transition appears similar 
to the observations Peek and 
Hargreaves made of projections 
from the NEBs, where one side 
looked blue-green and the other 
red-brown.43 Both these examples 
suggest that color transformations 
occur rapidly. Photographs made 
with the Catalina Observatory's 
61-inch reflector of Disturbance 
l971A revealed what appears to be 
the typical colors: deep red 
splashed across the festoon bridg
ing the SEB z, the actual SEBs, 
and th2 seat of the Disturbance. 
However, the retrograding SEBs 
dark spots were blue.44 Two other 
markings, both large, nearly round 
and very blue, also appeared in 
the southern section of the SEB Z 
during this same eruption.45 The 
most unusual recorded color that 
I could find was a strong green 
noted in several S.E.B. dark 
markings in the year following 
the 1928 outbreak.46 

Even the NEB and STrZ Dark 
Streaks were deeply reddish. 
Only the STrZ Disturbances appear 
lacking in color. A passing men
tion in the~~ called 
the first STrZ Disturbance 
"slightly reddish" in 1924, but 
this was clearly the exception.47 
Ordinarily, it simply appeared 
gray to most observers. 

Other observed color trends 
adhere closely to Wacker's Zeno
logical timetable. In the year 
following either North or South 
Equatorial Belt Disturbances, 
bluish material invades the nor
mal·ly salmon-hued E.Z. When 
quiescent, this zon~ t:nds to 
appear bright white and, save for 
the blue invasions following Dis- •••-----..:...;....._______ 48 
turbances, all activity in this region appears light orange, brown, or red in color. 

The problem with these color records, unfortunately, has always been their vague
ness. Two persons might interpret the redness of a brick placed before them identically 
--or very differently. One recent study has gone far to eliminate this bias. In May 
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of 1972 R. B. Minton, observing from America's dark Southwest, photographed the multi
color face of Jupiter by the usual procedures, then compared these views to temperature 
measurements of the entire planet at the methane (5p) line, and discovered that there 
was a strong correlation between them.49 In System II, Minton found, orange-red material 
was bright in methane light--in other words comparatively cool--with blue or reddish
brown markings corresponding to the highest flux rates, thus appearing dark in the 5~ 
plates. White and gray areas lacked both prominent 5~ sources and thermal depressions-
again, nothing outstandingly cool or hot. As these methane-determined (T5) temperatures 
increased, the corresponding tints changed accordingly, from orange-red, salmon, gray, 
white, tawny, or brown, to blue. The same held for System I. However, what interested 
me was that Minton noticed two distinct "classes" of warm color in System II. "Features 
with light-red to orange-red colors appear ... cool at 5~," he wrote. However, "fea
tures of tawny (light brown) to brown-red colors tend to be 5~ sources of varying tem
peratures, and are dark in CH4 (methane)."50 He also found that blue features observed 
during 1972 were among the strongest 5~ sources--meaning warm objects. His observations 
disclosed none of the warm, deep red hues in System II characterizing SEB Disturbances-
a not-so-surprising result considering that his studies came a full year after the 1971 
eruptions, a time when, according to Wacker's Zenological timetable, the principal acti
vity would be found in the E.Z.--the one region that was in fact quite perturbed at the 
time. Did any of the blue regions similar to those observed in the SEB Z preceding 
eruptions occur? I checked his records. None were noted. 

Our last great question is, then, quite simply, how may we account for these 
colors? The disassociation of hydrogen sulfide proposed by Lewis and Prinn is one pos
sibility. This gas, raised by convection currents from the depths of the Jovian atmo
sphere, should revert to H and HS when bombarded by solar ultraviolet (UV) radiation at 
the cloud-tops. Recombination, they argue, would produce hydrogen polysulfides, ammonium 
polysulfides, and sulphur, which are yellow, orange, and brown in color.51 

The process of hydrogen sulfide disassociation is a very stable one, but takes 
months and sometimes years to run its course.52 Minton has tentatively concluded that 
the positive correlation he obtained between cool orange-red color and its elevation in 
System II results from the greater stability there, allowing time for the Lewis-Prinn 
UV exposures to maturate.53 

This mechanism may go far in explaining the characteristic ochre hue of the planet. 
Its application to SEB Disturbances, however, appears considerably more limited. The 
necessary stability just isn't there. Disturbances, as we know, are sudden, cataclysmic 
events with roots tracing deep into the aqueous ammonia levels of the atmosphere. a re
gion where solar UV does not penetrate. The primary eruption colors are crimson and 
blue, yet neither is a common byproduct of the UV disassociation-recombination pro
cess.54 In addition, the Lewis-Prinn theory works only in the absence of ammonia; and 
the SEB Z, as we now believe, is pretty much entirely ammonia, particularly in the top
most layers. Lastly, an analysis by Owens and Mason suggests that dark (reddish) UV re
gions on Jupiter are the product of the Hs- ion, and not the (NH4)2S polysulfide which 
Lewis and Prinn anticipated as a result of recombination.55 While it's quite possible 
that some of the lingering reddish tones observed in the SEB following eruptions result 
from disassociated hydrogen sulfide ejected far above the overlying blanket of ammonia 
crystals, clearly a more viable alternative for initial SEB Disturbance hues must be 
sought. 

In 1939, Rupert Wildt proposed that blue and brown colors on Jupiter could result 
from alkali metals dissolved in liquid ammonia.56 While once enjoying widespread ap
peal, this theory has taken a beating in recent years. When a Wildt-type solution makes 
contact with aqueous ammonia clouds, it invariably yields a reaction producing stable 
ammonia and hydrogen, with little po;sibility of a reverse reaction occurring in that 
region.57 Thus, this method is handicapped from the start. Assuming the validity of 
Kuiper's model, Disturbance production occurs in a water-vapor region bounded by ammonia 
and hydrogen sulfide sufficient in amount to discourage Wildt's reaction. Though blue 
hues do form both before and after an eruption has tunneled through the visible cloud 
deck, and again later in the E.Z., these regions appear to contain no soluble ammonia, 
but merely ammonia crystals. Kuiper also cites a laboratory study by W. L. Jolley et 
~- disclosing that such Wildt blues result from the wing of a very wide near-infrared 
absorption band centered at 1.5 microns, contrasting with actual observations made of 
Jupiter which indicate a very strong absorption at 0.6 microns, but less towards the 
1.0 mark.58 

The field becomes a little more limited. There's one theory I favor for SEB Dis
turbances: organic polymers. It's been known for some time that organic synthesis can 
occur in a simulated Jovian (SEB) environment, regardless of whether the energy was fur
nished by quenching, electrical or static discharge, or UV radiation.59 Since UV radia
tion is present at the tops of the Jovian atmosphere, and quenching may occur due to 
the high rate of vertical convection, production of organic polymers may originate at 
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Figure 56. Jet Propulsion Laboratory photograph 
of Jupiter with the 82-inch Coude reflector at 
the Table Mountain Observatory. Original in col
ors. Taken in 1967, one year before the tentative 
Sourceline C SEB Disturbance of 1968. The SEBn 
was orange-brown. The SEB Z was orange in its 
south part and pale blue in its north part. More 
importantly, the region preceding the Red Spot 
was here tainted with dark blue. In 1972 Minton's 
5~ temperature-versus-color study found these 
blue regions to be the warmest areas of the atmo
sphere. Had the study been made in 1971, when 
SEB Disturbances 1971A and B were still erupting, 
would deep red sources have been the warmest? 
Author Doel thinks it likely--see text. Photo
graph courtesy of C. F. Capen. 

Figure 57. Photograph of Jupiter by 
~ichard Hull with a 12-inch reflector on 
Octob~r 5, 1975. Taken one day after the 
disc~very of Jupiter's first recorded NTrZ 
Disturbance, this photograph shows the planet 
in its characteristic post-SEB Disturbance 
aspect: a clear STrZ, a dusky turmoil
wreathed SEB z, and a bright (but darkening) 
EZ. Note the bright oval in the north part 
of the NTrZ (well to right of C.M.} and the 
distortion in the NTB-NTeZ to its north. 
Figures 56 and 57 are simply inverted views 
with south at t~e top. 

* * * * * * * * * * * * * * * 
all levels of the atmosphere. The current prediction of 3600°F. at the base of the 
Jovian atmosphere h well above the minimum temperature necessary for a large-scale 
production of organic polymers. At NASA's Exobiology Division, Cyrus Ponnamperuma pre
pared an experiment involving a mixture of methane and ar11monia in the presence of water 
vapor passing through a heated tube. The final result saw practically all of the meth
ane converted into high-level hydrocarbons, including benzene, toluene,and anthracene, 
at temperatures of merely 1862°F., or about 1000°C.60 Such molecules, and others pro
duced in a number of parallel experiments conducted by Sagan and Miller, are all bright
ly co1orect.61 

In a mixture of water vapor, methane, and ammonia, the primary end-product dis
covered when energy was supplied either by heat, solar UV, or electrical discharge, was 
hydrogen cyanide.62 Hydrogen cyanide, strongly reddish in color, has been tentatively 
identifiea as a 1 .53p feature recorded in an infrared spectrophotometric tracing by 
Kuiper.63 Ponnamperuma's experiments further revealed that an aqueous solution of HCN 
left standing at -lO"C. appears to convert spontaneously into more complex organic 
forms.64 When hydrogen cyanide in aqueous form was exposed to UV light, a wide variety 
of colorful organic compounds formed, including adenine, guanine, and urea. Interest
ingly, the former two are purines found in RNA and DNA. 

Akiva Bar-nun has recently detected large quantities of acetylene in Jupiter's 
atmosphere.65 The presence of acetylene is quite intriguing. Unless continually re
plenished, the observed acetylene concentrations would soon disappear. Bar-nun con
tends that such replenishment occurs in certain active regions of the planet, especially 
Jovian thunderstorms, beginning in the deep, warmer regions of the atmosphere. To main
tain acetylene equilibrium, Earth-like lightning bolts would have to be occurring 104 
times more frequently than on Earth. Under such conditions photolytically-destroyed 
ammonia as well as hydrogen cyanide would be produced. Hydrogen cyanide, he postulates, 
is probably the primary constituent of the Great Red Spot.66 
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Because of its high rate of production under conditions highly agreeable to 
Kuiper's proposed Disturbance model, and the observed crimson hues, I suspect that hydro
gen cyanide is a pretty good candidate for the red material found at the seat of North 
and South Equatorial Belt Disturbances. When produced in ammonia-water vapor-bound in
version layers--which the pre-Disturbance SEB would be--its molecular intensity rises to 
6.5~g/cm2, compared to 3.2~g/cm2 in thunderstorm-void regions.67 Without excess hydrogen 
present, the production yields are higher still. Since red is the color associated with 
~major activity seen on the planet, it's possible that~ sufficiently perturbed re
gion can initiate hydrogen cyanide production. Transported to the cloud-tops in periodic 
releases of pressure, hydrogen sulfide would encounter both solar UV radiations and pos
sible quenching, and should undergo a synthesis of organic molecules as Ponnamperuma's 
studies have shown. This may well account for the various secondary (bluish) hues asso
ciated with the concentrated initial deeply-reddish spots as they diffuse and spread 
through the SEB Z. But how can the Red Spot religiously maintain its reddish hue while 
SEB Disturbances cannot? This difference may be a result of their different physical 
constitutions. While convection currents continually circulate through the Great Red 
Spot, never allowing hydrogen cyanide molecules to remain stationary at the height of its 
columns, SEB Disturbance material, once ejected, remains high in the atmosphere, receiv
ing UV exposure for long periods of time. 

Minton's study of methane-based Jovian temperatures, as we remember, indicated 
blue features to be the warmest on the planet, followed closely by reddish-brown features. 
This result leaves me wondering what the temperature of the deep red material at the ac
tual Disturbance seat would have been--had there been any present at the time. Since 
most Disturbance activity shows a strong tendency of red fading to red-brown, it's not 
out of the question that the reds in both North and South Equatorial Belt Disturbances 
would have 5~ temperatures corresponding to Minton's blue features. We're certainly go
ing to need further methane-based temperatures versus colors comparisons in Disturbance 
years. We'll also need visual observations to document clearly the color transition 
which appears to occur as t:1e initially red SEB Z condensations and festoons evolve into 
the blue SEBs retrograding spots. A 5v methane-light photo of the huge high-rising white 
Spots associated with Disturbance l971A showed this feature to be an intensely bright, 
which is to say a low-temperature object, in perhaps surprising contrast to the darker 
ejection material which followed.68 

Interestingly, one of the hot blue features Minton was able to study was a long
enduring oval in the North Tropical Zone.69 From our knowledge of the relative alti
tudes of the belts and zones in that area, we know that this spot remained warm despite 
its high elevation in the Jovian cloud deck. Consequently, we're led to believe that 
the orange, red, red-brown, or blue colors are valid measuring sticks of observed depth 
in Jupiter's atmosphere~~ such colors describe markings which are clearly buried 
in the belts themselves. Minton summed it up nicely: "Regardless of the composition of 
the hottest features," he wrote, "their observed colors are temperature-dependent. •vO Is 
the SEB Z "bluing" prior to eruptions indicative of a belt-wide \~arming trend? Probably. 
And if this is indeed the case, we might also expect that the blue E.Z. shadings follow
ing a Disturbance are warm as well, once more suggesting a sub-atmospheric origin. 

There's another piece of data which gives indirect support to the organic polymer 
theory for eruption colors. A study of the polarization of light in Jupiter's atmo
sphere b~ Tom Gehrels indicates a systematic difference between the North and South Polar 
~egions.71 In visible light, the optical depth at Jupiter's north pole was measured at 
0.6, at the south pole at 0.4, and at the equator, 0.05; the differences are attributed 
to varying degrees of scattering caused by molecules and aerosols. (The smallest frac
tion represents the greatest molecular density.) Since the more complex molecules pro
duce greater scattering, the South Polar Region must hold a larger reservoir of complex 
molecules--precisely the result we'd expect if organic molecules were issuing into the 
atmosphere from a vent in the Southern Hemisphere at regular intervals. And if this is 
the case, measurements made in the beginning of the present century ~ight well have 
shown just the opposite--for NEB eruptions dominated the planet at the time. 

For exobiologists, the doors are just beginning to open. Sagan and Miller per
formed an experiment mixing mixtures representing the primitive "reducing" atmosphere of 
Earth and Jupiter's current atmosphere (hydrogen, methane, and ammonia in proportions of 
30:3:1 ). These mixtures were jolted by an artificial lightning bolt.72 Subsequent sam
ples extracted and studied with infrared and mass spectroscopy revealed ethane, hydrogen 
cyanide, acetylene, and--w~en water vapor was present--formaldehyde. Acetylene's in
clusion again becomes especially interesting. Because it tends to polymerize explosive
ly, this compound would result in the production of organic compounds with high molecular 
weights. Many would be brightly colored.74 

Permit me to close now with this one final thought: our own or1g1ns were Slml
larly humble. Life presumably evolved from simple chemicals which combined to form in
creasingly complex molecules and, finally, a living cell. These primeval chemicals were 
formed in a reducing atmosphere composed of ammonia and methane by the action of light-
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ning or solar ultraviolet rays. In our present oxygenated, or non-reducing atmo
sphere, these chemicals would rapidly dissociate into carbon dioxide and water; a 
large-scale synthesis of biological life could not occur.74 Life on this planet has 
adapted and flourished only through successive changes in the composition of our atmo
sphere .... 

Is Jupiter thus entering into a stage through which our sturdy island passed eons 
ago? Perhaps. One expression, though worn, still rings truest; only time will tell. 
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Figure 58A. Drift-chart, longitude in System II v€rsus time, of the three South Equa
torial Belt sources A, B, and C. Prepared by A.L.P.O. Jupiter Recorder Phillip W. Budine. 
Years covered 1892-1976. Graph continued in time in Figure 588 on page 117. The three 
sources are assumed to be uniformly rotating~ note that the longitude (horizontal scale) 
is repeated a number of times. The relation of the sources to South Equatorial Belt 
(SEB) Disturbances is shown. There also appear to be relations to events in the South 
Tropical Zone (STrZ), North Equatorial Belt (NEB), and North Tropical Zone (NTrZ). Acti
vity tends to suggest a three-year zenological pattern for many of these outbreaks from 
the beginning of recorded observation. See also discussion in text of Mr. Ron Doel 's 
article in this issue. 

116 



Figure 588. A continuation in time of Mr. Budine's study of Jovian events over the years 
1892-1976 from Figure 58A on page 116. Note the longitude (II) scale at the top of the 
graph. 
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Postscript by Editor. Information in a letter from Jupiter Recorder Phillip Budine 
on March 10, 1978 suggests an exciting sequel to Mr. Doel 's article. Mr. Budine reported 
three new SEB Disturbances with initial longitudes (II) and first U.T. date observations, 
all by himself, as follows: No. 1, 304°, March 1, 1978, related to Source Line B of 
Figure 58 on pages 116 and 117; No. 2, 126°, March 2, related to Source Line C; and No. 
3, 203°, March 10, related to Source Line A. There is thus a close and amazing resem
blance to the 1975 triple SEB Disturbance! It will be very interesting to see whether 
further study confirms the existence of these three major SEB Disturbances in 1978. 
As of March 10, the customary SEB Z and SEBs branches had been detected for Disturbances 
No. 1 and No. 2. 
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THE MAEDLER PHENOMENON 

By: Richard Baum, Chester, England 

Abstract 

It is suggested that a display of luminous brushes seen by J. H. Maedler to affect 
the bright limb of Venus on April 7, 1833 and previously ascribed to illusion, may in 
fact have been an unusual form of light pillar. 

One of the strangest observations ever recorded of Venus was made by the renowned 
German astronomer Johann Heinrich Maedler with a four-inch refracting telescope on April 
7, 1833. At the time Venus stood east of the Sun and was well placed for observation. 
In his Beitrige (1841) Maedler tells us how on that evening numerous brushes of light 
were seen to emanate from the illuminated limb of the planet, then a crescent, and to 
diverge in a sunward direction. These brushes or rays were roughly fan-shaped, and in
vested Venus with the look of a broad multi-tailed comet. According to the sketch which 
accompanies Maedler's account (Figure 59), the brushes originated at the extremities of 
the crescent and extended along the limb to affect an arc of between 50" and 60" from 
the tip of each cusp. No brushes are depicted in the segment between, i.e., the center 
of the limb. Maedler watched for some considerable time and tested the appearance for 
illusion by rotation of the ocular and by change of magnification; but although he at
tempted no explanation, he concluded that the appearance was at least real. 

"This is certainly possible," opined the R9v. T. ~;. Webb, "but," adding a note of 
caution, "it is an instructive instance of the oversights which may be incidental even to 
great philosophers, that it never occurred to him to try another telescope." 

Here is a truly astonishing phenomenon. Uniquely different in its characteristics, 
gross aberration is immediately suspected. Venus is a difficult subject when studied 
with the telescope. On a dark sky its glare baffles and tricks even the most practiced 
eye. And yet it is hard to believe that Maedler, the eminent principal author of the 
first adequate description of the lunar topography (1837), could have been so deceived. 
He was a born observer, skilled, competent, and experienced. True, his phenomenon is 
bizarre but is that a reason to deny it reality? In fact, was Maedler mistaken? Were 
his mysterious coruscations simply the result of glare? Of dirty optics? Perhaps a 
greasy optical surface? If not, to what can they be ascribed? 

Illusion, of course, cannot be ruled out. However, a work by John Gadbury, 
Nauticum Astrologicum, 2!:. ~Astrological Seaman, published posthumously in 1710, sug
gests otherwise. Gadbury described himself as "a student of physick and astrology," and 
is mentioned in Aubrey's Brief Lives, and by Augustus De Morgan in his~ Budget of Para
doxes (1872), who speaks of him as "a well informed astronomer" and the author of a 
treatise on comets (1665). In 1655 Gadbury published the first of a long series of an
nual Ephemerides, and the following year his Emendation of Hartgil's Astronomical Tables~ 
in addition, he wrote prolifically on astrological subjects. -----

But Gadbury was more than a writer. He was a keen and careful watcher of natural 
phenomena. Between 1668, November and 1689, December 31 he kept a diary which, to quote 
his words, was "design'd for the service of philosophers, physicians, astrologers and 
all other faithful observers of the various wonders that are to be found in God's crea
tion." It was, he further states, his own unaided work and a labor of love. Though 
little known, the diary is a valuable record of late 17th century London weather, and a 
fascinating register of optical phenomena seen from London. At that time Gaubury lived 
in Brick Court, College Street, Westminster, not far from the Abbey. The diary forms a 
supplement to the Nauticum Astrologicum, the manuscript of which was completed in 1698, 
and appears between pages 129 and 245. It is complete for the period stated. 

Unlike his contemporary chroniclers, Gadbury did not confine himself to daytime 
events, but as he quaintly remarks, caused himself "the pains of n6cturnal watchings." 
Thus many entries refer to coronae around Venus and Jupiter, and occasionally around 
Mars and some of the brighter stars. Saturn is also mentioned in this connection, and 
lunar haloes and coronae are frequently logged. Double and single rainbows were faith
fully recordedr on 1682, June 8 a lunar bow was visible from Westminster at 23 hrs. But 
it is the observations of 1686, January 29 and February 21 (Old Style) which attract at
tention. On these dates Gadbury noted that Venus appeared "like a comet." The resem
blance to the Maedler observation is striking. 

To explain the Gadbury phenomenon, it is necessary to infer that the rays of Venus 
were reflected from a cloud of ice-flakes floating with their bases slightly inclined 
relative to the horizontal position. The rising or setting Sun is occasionally sur
mounted by such a luminous brush, and this is formed in precisely the same way. Some
times the appearance is visible when the Sun is below the horizon. Minnaert also informs 
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* * * * * * * * * * * * * * * 

Figure 59. Xerox copy 
of part of Plate III 
in Beitrage zur Physis
chen Kenntniss der 
~lischen Korper, by 
Beer and Maedler in 
1841, Contributed by 
Richard Baum. Sketch 
shows a rare telescopic 
appearance of the planet 
Venus, for which Mr. 
Baum offers an optical 
explanation in "The 
Maedler PhenoMenon,• 
pg. 118 et ~· 

us that brushes or pillars have been seen beneath the Sun, although of much shorter 
length. Oblique or distorted pillars are not unknown. Some on record apparently de
viated as much as zoo from the vertical. ~1innaert believes this deviation is caused by 
air currents wafting the ice crystals into a slanted direction. 

We do not know what happened back in 1833. There are many gaps and uncertainties 
in our knowledge. Maedler expressed no simile, but his drawing and description elo
quently favor comparison with Gadbury. Putting aside the fact that the former observed 
telescopically, it is conceivable that his phenomenon is analogous to that of 1686, and 
thus belongs to the regime of atmospheric optics, being in all probability an exotic 
form of light pillar classified by Minnaert as oblique or distorted. It would be use
ful if observers would alert themselves to a possible recurrence of this interesting, 
if rare, phenomenon, especially telescopic observers of Venus. In the event a full 
description should be made, includiny details of weather conditions and the type of 
cloud involved. 

Reference Materials 

The Maedl er phenomenon is described in Beer, W., and r1aedl er, J. H., Bei trage zur 
Physische~ Kenntniss .9.~ Himmlischen Korper (Weimar, 1841), also in Fragments~ les 
corps celestes du systeme solaire (Paris, 1840). Comments by the Rev. T. W. Webb, 
Celestial Objects for Common Telescopes (London, 1881, 4th ed.), page 62. Details 
about John Gadbury from the Dictionar of National Biography and Augustus De Morgan, 
~Budget of Paradoxes, 2 volumes 2nd ed., 1915), republished by Dover, 1954. Gadbury, 
Nauticum Astrologicum, or the Astrolo ical Seaman, published in 1710. Minnaert, M., 
Light and Colour _i_ll _the Open Air London, l~pp. 201-205, is a good non-technical 
account of light and Sun pillars. 

~~Astronomy QfiQ ~ ~ ~. edited by John C. Brandt and Stephen 
P. Maran. W. H. Freeman and Company, San Francisco, California 94104. 1977. 384 pages, 
263 illustrations. Price $15.00 cloth, $7.50 paper. 

Reviewed by Walter Scott Houston 

Most readers know theW. H. Freeman Company as the prolific publisher of reprints 
from lha Scientific American; and thay may be unprepared for this collection carefully 
sorted out from such diverse sources as lha Astrophysical ~. ~. and lha ~ 
Scientist, with only a few items from lha Scientific American. Over a dozen magazines 
are represented, and the unhappy conclusion for the reader is that he must subscribe to 
a maze of journals if he wants to read first-hand all the important stories that are 
printed today. The variety, and especially the low emphasis on The Scientific American, 
makes for a diversity of style which gives a fine cross section of the emotional atti
tudes as well as of the logical beliefs of modern astronomers. 

The result is a quietly grand sweep through the most provocative frontiers of 
our exploding astrophysics--from history and planets to black holes. Reading this book 
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will comfortably orient the casual reader and brace him for any future shock astronomers 
unfold tomorrow. For this result the publisher and the editors merit considerable praise 
for their careful selection and obvious standards. None of the articles are indifferent; 
most are real gems. Especially interesting is Gart Westerhout's "Early History of Radio 
Astronomy," where we find Thomas Alva Edison trying to build a radio telescope in 1890. 
"Copernicus and Tycho" by Owen Gingerich would have delighted George Sarton. There are 
old favorites like Bart Bok, Peter Millman, and of course Peter van de Kamp. There is 
also the science fiction editor of Analog, Ben Bova, writing in the Smithsonian. Most 
instructive, perhaps unintentionally, are the several HR diagrams,all constructed for 
different articles and each with slightly different side scales. By comparing them, 
any reader will come to a better concept of what the HR diagram really is, and how flex
ibly it can be used. 

For the reader who has some background in traditional astronomy, the new space 
age astronomy will be useful. Observations from satellites have not made ground obser
vations useless; but they .have added a new dimension to them, and Maran and Thomas writ
ing in~ and Telescope about OS0-7 give more than a hint of what we may expect in the 
future. As one who followed the early efforts in X-ray optical systems in the SO's at 
Wesleyan University, I was gratified to see actual X-ray photos of the Sun and its corona. 

Quasars, cosmic X-ray, and gamma ray sources, the expanding universe, and black 
holes sparkle through the last few chapters. It is a most satisfying collection. This 
reader misses any mention of the Maunder's Minimum of the sunspot cycle, but he is also 
delighted that the editors resisted the temptation to include material on the Mesoamerican 
archeological astronomy which appears so frequently today and is the despair of most ac
complished archeologists. So the book stands beautifully as it is. A sequel in ten years 
would be exciting. 

This is a volume for the layman, the amateur, and the person educated in other 
fields. Certainly it should be in public libraries and in club libraries. It also be
longs in the amateur's personal collection. 

* * * * * * * * * * * * * * * 

Astronomical Calendar 1978, by Guy Ottewell, Department of Physics, Furman Univer
sity, Greenville, S.C. 29613. 68 pages. Price $5.95. Paperbound. 

Reviewed by Winifred Sawtell Cameron, NSSDC, GSFC, Greenbelt, MD 20771 

The title of this work is actually a misnomer, for it really is a book on an 11 X 
15 in. sized format. It indeed includes astronomical calendars for 1978, but they are 
almost incidental. It contains so much information that it nearly constitutes an intro
ductory course in astronomy. It starts with an interesting and provocative cover of 
ancient art work with an explanation on the inside of the cover. The back cover con
tains the Table of Contents, quick reference information, a Southern Hemisphere celestial 
graph for the year, and a record form for the observer. 

The main body of the book begins with a description and explanation of the fea
tures of the book. This is followed by star maps for each of the 12 months. A great 
deal of information is contained in the map itself, but additionally there are diagrams 
showing the planetary configurations against the zodiacal constellation background for 
the month. There are lists of interesting objects for good viewing for the month and 
descriptions of objects or events for each day of the month on the opposite page. These 
contain many interesting bits of information such as myths, religions, and facts about 
the planets and stars. 

Following the monthly star maps and calendar events is a simple discussion or 
overview of astronomy, positions, time, constellations, star designations, the ecliptic, 
the zodiac, precession, members of the Solar System, double stars, variable stars, and a 
table of brightest stars. Two other sections on special features of recent events and 
space exploration are of considerable interest and are informative. The former treats 
meteors, asteroids, comets, and planets of special interest. The ·latter tells about 
launches and arrivals of space missions and some results from ongoing ones, e.g., Viking 
at Mars. Weather for all parts of the U. S. is presented by maps showing areas and 
percentages of cloud cover for each month. Following this are charts showing the loca
tions of planets, asteroids, and comets against the background of stars for each month 
of the year. At the end is a glossary of terms. 

This work is highly recommended since it is full of helpful information on astro
nomical objects, is much more than a calendar, dnd is well worth the price, for it can 
be used for any year for the fixed stars and for much of the information. Of course, 
the Solar System objects would change for other years. 

The only adverse criticism this reviewer would make is in regard to the system 
of measures. These are given in the English system of units (e.g. miles, feet, inches) 
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without the metric equivalent. Since this country is converting to metric in the near 
future, it is incumbent on educators to familiarize the public with the metric measures. 
Metric units should be used with the English equivalents parenthesized. 

* * * * * * * * * * * * * * * 
Discovering Astronomy, by Robert D. Chapman. W. H. Freeman and Company, San 

Francisco, California 94104. 1978. 518 pages. Price $20.00 (paperback $12.00). 

Reviewed by James W. Young 

Beginning descriptive astronomy college classes are very popular today, brought 
about primarily by the tremendous influx of spacecraft data. Chapman has richly en
hanced this text with just such material, especially in the area most affected by new 
findings: the Solar System. As this new information continues to enrich our under
standing of our immediate surroundings, more and more emphasis and time are necessary 
to spend relating to this important field, to which the author has elected to devote 
nearly two-thirds of this book. 

Where we are in the universe, both in a physical and historical sense, begins 
the author's well searched attempt at setting the student's orientation into astronomy. 
Other beginning chapters discuss but expand one's basic knowledge of the sky, constella
tions, time, calendars, planetary motions, and light. Most of the remaining chapters 
are devoted to the normal astronomical concepts of the Earth, Moon, and planets. The 
final chapters discuss the stellar and galactic issues of the universe. New studies of 
pulsars, quasars, black holes, and radio sources round out excellent sections before 
mentioning some cosmological thoughts. 

Special attention has been carefully given to our star, the Sun; an entire 
chapter is crammed full with a wealth of recent findings, including Skylab measurements. 
How this star has been studied and analyzed over the past few decades sums up this ex
cellent in-depth section. 

The last chapter deals at length with the possibilities of life elsewhere, cer
tainly substantiated by the similar physical properties found in all corners of the uni
verse. How many other inhabited planets are there? The student or reader will certainly 
feel his place in the vast reaches of space after absorbing this discussion. Radio 
communication efforts into interstellar space finalize this exciting attempt by Chapman 
to challenge the student's mind and thoughts in what I feel will leave a better under
standing in Discovering Astronomy, 

The text also offers several appendices, star charts, and a concise glossary of 
special words and terms with excellent definitions. Although there are a myriad of 
very recent published texts covering the same material, I feel this one especially is 
a unique and thorough attempt at a modern up-to-date course for both the student and 
the teacher. 

* * * * * * * * * * * * * * * 
Guide to Mars, by Patrick Moore. W. W. Norton and Company, 500 Fifth Ave., New 

York, N.Y. 10036, 1978. 213 pages. Price $9.95. 

Reviewed by Robert B. Rhoads, A.L.P.O. Assistant Mars Recorder 

Patrick Moore states that his purpose in writing this book "is to give an account 
of Mars as we believe it to be today." He has been successful in not only doing this 
but also in giving us an historical view of Mars from ancient times right up to the pre
sent day Viking spacecraft. 

The first chapter, ''Mars as a World," presents the idea of Mars as an inhabited 
world in the eyes of Percival Lowell, and later in view of recent spacecraft exploration 
a drastic rethinking takes places in our ideas about Mars. Moore also gives his own 
ideas on crater formations on the Moon and Mars, stating, "I believe that vulcanism was 
the main crater-building process with impact playing a minor role." 

A chapter is devoted to "Mars in the Solar System" and covers the early concepts 
of the Solar System as well as the mechanics of oppositions and seasons. There is also 
speculation on the internal structure of the planet. There is an interesting chapter 
on the famous canals with theories by Cyr, Opik, Wallace, and Antoniadi. The author 
also repeated Maunder's Boys School experiment with interesting results. Charming old 
style line drawings abound in these chapters. Several chapters are devoted to the phys
ical aspects of the planet, including the atmosphere, clouds, dust storms, ice caps, 
plains, and deserts. In "Mars as Seen from Earth," the observations of craters on Mars 
by Mellish and Barnard are discussed. The author then gives a description of features 
on Mars as viewed through an 8" telescope, using a map of his own observations for 
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reference. The quality of this map is poor, and I feel he should have used the I.A.U. 
map instead. 

The chapters on space exploration are well done. The early Mariner and Russian 
probes are discussed along with their findings. The successful voyages of the Viking 
spacecraft are a highlight of this book, and their story is presented in an easy
reading, non-technical manner. Included are some good photographs taken oy both the 
Viking orbiters and landers. The final chapters include findings about the Martian 
moons, Phobos and Deimos, and speculation about future exploration of Mars. 

Several useful appendices are included at the end of this book. They are: Ob
serving Mars, Oppositions of Mars, Numerical Data, Mars Probes 1962-1977, and Named 
Features on Mars. 

I enjoyed this book and recommend it to both armchair astronomers and serious 
amateurs alike. 

* * * * * * * * * * * * * * * 

Pulsars, by R. N. Manchester and J. H. Taylor. W. H. Freeman and Company, 660 
Market Street, San Francisco, CA 94104. 1977. 268 pages, 94 illustrations. Price 
$19.95. 

Reviewed by Dale P. Cruikshank, University of Hawaii 

Pulsars is an exceptionally useful book for students and other readers wishing a 
thorough and uniformly balanced source of the current information on a new, but rapidly 
growing, subject about which much has already been published in journal articles. This 
book is a highly readable synthesis of pulsar studies since the discovery by Jocelyn 
Bell just about a decade ago. 

The topics covered include the general properties and the characteristics of the 
optical and radio pulses that give these strange objects their name. The Crab Nebula 
pulsar is treated separately. The role of X-ray pulsars in binary systems is described 
in detail, and a separate chapter is devoted to pulsars as probes of the interstellar 
medium. Models for pulsar emission conclude the book, and an appendix lists character
istics of individual pulsars. The literature citations are exhaustive, and the index 
is good. 

The mathematical notation in the book is at the elementary university level; and 
the book should be of use for even those not having a mathematical background, for the 
text is lucid and easily followed. This book can be heartily recommended to those wish
ing a readable overview of a fascinating topic in modern astronomy. 

* * * * * * * * * * * * * * * 

Astronomy: Fundamentals and Frontiers, Third Edition, by Robert Jastrow and 
Malcolm H. Thompson, John Wiley and Sons, New York, NY. 1977. 532 pages. Price $15.50. 

Reviewed by Charles S. t1orris 

The third edition of Astronomy; Fundamentals and Frontiers* represents an updated 
and expanded version of the original textbook, first published in 1972. The authors 
have revised their discussion of telescopes, stellar evolution, cosmology, the Moon, 
Jupiter, and Mars to include recent developments. Worth particular note is the updated 
discussion of Mars, which includes information obtained from the recent Viking missions. 
In this chapter there is a special section devoted to the search for life on Mars. In 
addition to revisions in the text, the book in certain sections has been substantially 
reorganized. 

Designed as a textbook for liberal arts students, Astronomy: Fundamentals and 
Frontiers is well written and easy to read. The book is almost free of equations. 
The few equations which are presented are easy to understand. In most cases, the au
thors make their points with examples and illustrations. To supplement the text and the 
large number of drawings, the authors have incorporated an extensive amount of photo
graphic material in the textbook, including some very impressive color photographs. 

Despite all the good aspects of this book, there are some problems. For instance, 
the section on variable stars covers only Cepheid variables and novae. No mention is 
made of long period, irregular, or other types of variable stars. Their existence is 
not even implied. In the opinion of this reviewer, this is a major oversight. Another 
problem area is the section on comets. When reading this section, one gets the impres
sion that comets have only gas tails. No mention is made of the importance of dust in 

*Readers are directed to the review of the first edition of this textbook by Richard 
G. Hodgson (J.A.L.P.O., Vol. 24, Nos. 7-8, pp. 165-166) for additional comments. 
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comets. This oversight is surpr1s1ng since the most spectacular comets usually have 
a strong dust component (e.g., Comet Bennett 1970 II and Comet West l975n, neither of 
which was discussed). Other problems exist with this textbook, but they are minor. 

In spite of the shortcomings noted above, Astronomy; Fundamentals and Frontiers 
is recommended. The good aspects of this book outweigh the bad by a large margin. As 
a general source for information, this text is an excellent addition to any library. 

* * * * * * * * * * * * * * * 

Exploring the Cosmos, second edition, by Louis Berman and John C. Evans. Little 
Brown and Company, Boston, MA. 1977. 426 pages. Price $12.95. Softcover. 

Reviewed by Russell C. Maag, Missouri Western State College, St. Joseph, MO. 

Twenty-one chapters are contained in this action-packed, up-to-date beginning 
astronomy text by authors Louis Berman, Department of Astronomy, University of San Fran
cisco, and John C. Evans, Department of Physics and Astronomy, Kansas State University. 
The style is a narrative, which helps ease the student's path through the brambles of 
current astronomical knowledge. With the discovery in recent years of such exotic ob
jects as quasars, pulsars, neutron and X-ray stars, and the likelihood of the existence 
of black holes, the student and advanced amateur astronomer as well as the non-astronomer 
having some background in physics, chemistry, and perhaps the biological sciences will 
appreciate this book. There is some mathematics, enough to get one through the elemen
tary formulae used in the pursuit of any science. 

Some of the chapter headings are: An Introduction to the Cosmos; Early Descrip
tions of the Cosmos; Electromagnetic Radiation and Atomic Structure: Telescopes and 
Their Accessories; Earth, Moon, Planets; Sun, Solar System, Minor Bodies of the Solar 
System; The Milky Way Galaxy, Stars, Star Dust, Gases; Life Cycle of Stars, Cosmic 
Violence; Introduction to Relativity; and Exobiology in the Solar System, Galaxy, Uni
verse. Some thought is given to possibilities of interstellar flight and communica
tion, and radio astronomy; and some questions are posed for further considerations. 

The book has four sections of appendices covering astronomical symbols and abbre
viations, measurements and computations, guides to owning and using your own telescope, 
and an excellent selection of further reading dealing with many subjects more specifi
cally. 

The book is very interesting reading for the advanced amateur as well as for the 
beginning student in astronomy and would, in the reviewer's opinion, be an excellent 
choice for a first course in astronomy. No typographical errors were encountered, and 
the text is well-illustrated with many photographs as well as with line drawings and 
diagrams. 

Exploring the Cosmos would be a fine addition to the library of any A.L.P.O. mem
ber, be he beginner or advanced observer. 

NEW BOOKS RECEIVED 

By: J. Russell Smith and Bruce M. Frank 

Comets, by Patrick Moore. Charles Scribner's Sons, New York, N.Y. 10017. 1976. 
149 pa~Paperbound edition, April, 1978. Price $2.95. Notes by J. Russell Smith. 

The first edition of this excellent text appeared in 1973. This recent edition 
has been updated as well as enlarged. The author uses photographs and diagrams to help 
in his explanations about comets. There are over five pages of tables, a glossary of 
four pages, and an index of five pages. In the chapter entitled "Lost Comets," the au
thor states that we have lost all track of Comets Donati, Arend-Roland, Bennett, and 
Kohoutek, as well as many others. 

If you are interested in this fascinating subject, you should have this book in 
your library. 

* * * * * * * * * * * * * * * 

Exploring the Galaxies, by Simon Mitton. Charles Scribner's Sons, New York, 
N.Y. 10017. 1976. 206 pages. Paperbound edition, April, 1978. Price $4.95. Notes 
by J. Russell Smith. 

Dr. Mitton has given the reader a broad survey of the galaxies as we know them 
today. The book is well-written and is easy to read. One does not have to be a pro-
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fessional astronomer to learn much. The book contains an index of names and subjects 
as well as an index of astronomical objects. These twa indices make the book easy to 
use as a reference. 

* * * * * * * * * * * * * * * 

Scientists Confront Velikovsky, edited by Donald Goldsmith. Cornell University 
Press, Ithaca, N.Y. 1977. 183 pages. Price $8,95. Notes by Bruce M. Frank. 

Based on his studies of Biblical texts and other ancient writings, Immanuel 
Velikovsky developed his well known planetary collision theory involving close encoun
ters among Venus, Mars, and the Earth in historical times. 

In this book, Velikovsky's ideas are seriously examined by a cross-disciplinary 
team of scientists. Included are papers by three astronomers--including Carl Sagan, 
one sociologist, and an expert on ancient astronomical records. These papers were ori
ginally presented at a 1974 symposium on Velikovskian catastrophic theory sponsored by 
the American Association for the Advancement of Science. Their content has been updated 
to include results from the Viking Mars missions. 

Scientists Confront Velikovsky should prove informative for both defenders and 
critics of his theories. 

* * * * * * * * * * * * * * * 
1978 Yearbook of Astronomy, edited by Patrick Moore. W. W. Norton and Company, 

Inc., 500 Fifth Avenue, New York, N.Y. 10036. American Edition 1978. 223 pages. Price 
$10.50. Notes by J. Russell Smith. 

This is the seventeenth edition of Patrick Moore's Yearbook of Astronomy. Until 
this edition, the principal emphasis had been placed on the Northern Hemisphere. How
ever, this edition includes southern star maps. The list of double stars, variable 
stars, star clusters, and nebulae has been extended. Part I lists events for 1978, 
Part II consists of ten excellent articles, and Part III contains six miscellaneous top
ics, which include interesting double stars as well as interesting clusters and nebulae. 

* * * * * * * * * * * * * * * 
Until the Sun Dies, by Robert Jastrow. W. W. Norton and Company, 500 Fifth Ave

nue, New Yor~NT. 10036. 1977. 172 pages. Illustrated. Price $8.95. Notes by Bruce 
M. Frank. 

This latest work by Robert Jastrow represents a sequel to his earlier popular Red 
Giants and White Dwarfs, which outlined the history of the universe up to the threshold 
of life--. --In Unti~Sun Dies, he discusses how life may have originated and evolved 
on Earth in non-techiiicil'll anguage easily understood by the informed layman. 

Beginning with the formation of the Solar System, the subsequent evolution of 
life is traced from monocellular forms through the advent of Man. Dr. Jastrow closes 
with a brief optimistic review of the key findings from Viking exobiology experiments 
on Mars. lln1il 1ha ~~should prove interesting reading for anyone desiring a tho
rough overview of a complex topic. 

OBSERVATIONS AND COMMENTS 

Drawing of Comet Kohler. The attention of readers is directed to Figure 60. 
The angular scale and the marked orientation, information so often lacking in amateur 
sketches of comets, add much to the value of this drawing. Observing at the same time 
with 20 X 80 binoculars, Dr. Morris adds the following information. The integrated 
stellar magnitude of the coma was 6.8. The diameter of the coma was 7 minutes of arc. 
The tail was l degree long and lay at position angle 65° in binoculars. The degree of 
coma condensation was estimated at 6 on a scale of 0 (diffuse) to 9 (stellar). 

A Recent Determination of the Rotation Period of a White Spot on Saturn. l~essrs. 
Emilio and Paolo Sassone Corsi in Naples, Italy report the derivation of the period of 
rotation of a white spot in the Equatorial Zone of Saturn. A total of eight observa
tions were obtained by E. and P. Sassone Corsi and A. Fabozzi at Naples, Italy with a 
20-cm. (8-inch) Cassegrain and by P. Doherty at Stoke-on-Trent, England with a 41.9-
cm. (16.5-inch) reflector. We congratulate these colleagues in the Saturn Section of 
the Italian Astra-Amateurs Union and in the Saturn Section of the British Astronomical 
Association on their accomplishment. Figure 61 graphically represents the eight ob-
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Figure 60. Drawing of Comet Kohler 
1977m by Charles S. Morris on Octo
ber 30.98, 1977, U.T. Harvard Col
lege Observatory 23-cm. refractor, 
lOOX and 300X. Negative shading. 
Note arrows to show orientation and 
angular scale. 

Figure 61. Graph of observed longitudes of a white spot in the Equatorial Zone of 
Saturn. The vertical scale is the longitude in System I (J. E. Westfall, J.A.L.P.O., 
Vol. 27, NoS. 1-2, pg. 22). The horizontal scale is the time in hours subsequent to 
the first observation on March 5, 1978 at 19h5m, U.T. The eight observations are 
plotted with vertical lines to show the amount of observational error. The slope of 
the Least Squares Line gives a rotation period of 10 hrs., 18 mins.:J:.l.5 mins. See 
also text on pages 124 and 126. The time in Julian Days is given at the top of the 
graph. 
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servations and the regression line which they determine. The observations are tabulated 
below. The U.T. is the Universal Time of the observed central meridian transit. The 
h column is the number of hours since the observed transit in the first observation. 
Longitude (I) is computed from John Westfall's table, J.A.L.P.O., Vol. 27, Nos. 1-2, pg. 
22. 

.tlQ_,_ Date U.T. ll Longitude (I) Qtlsgrver(~ l 

1 1978, March 5 19h 5m 0.0 30?0 E. & P. Sassone Cars i , A. Fabozz 
2 March 11 19 35 144.5 71.8 E. & P. Sassone Cars i , A. Fabozz 
3 March 13 22 22 195.3 57.7 E. & P. Sassone Corsi , A. Fabozz 
4 March 1 9 22 33 339.5 88.3 E. & P. Sassone Cars i 

5 March 22 22 30 411.4 98.5 E. & P. Sassone Corsi 
6 March 25 22 45 483.7 119.2 P. Doherty 
7 March 28 23 45 556.7 166.3 P. Doherty 
8 March 29 20 20 577.2 170.2 P. Doherty 

If x is time in hours, or h, and y is longitude (I) in degrees, then the Least 
Squares Line has the equation: 

y = 22.5 + 0.2336X. 

The rotation period is 10 hrs., 18 mins. ±. 1.5 mins. The determination made of the er
ror of the derived period is a desirable refinement. The period is a little longer than 
the 10 hrs., 14 mins. found for some past conspicuous white areas in the Equatorial Zone 
of Saturn, but the relation of rotation period to latitude is much less well known for 
Saturn than for Jupiter. We have no information on the exact latitude of the white spot, 
nor have we seen any sketches of its appearance. 

Figure 62. Model of orbit of 
Comet 1977m (Kohler). Constructed 
and photographed by John Huling, 
Jr. 

* * * * * * * * 

Model of a Comet Orbit. 
John Huling, Jr., Route 1, Elk
horn, WI 53121 has constructed 
the cardboard orbit model of 
Comet 1977m (Kohler) shown in 
Figure 62. It largely follows 
the directions indicated in ~ 
Strolling Astronomer, Vol. 19, 
Nos. 1-2, pg. 4. Since the in
clination of the orbit of 1977m 

was 48.1 degrees and since Mr. Huling wanted a model which was firm but could be dis
assembled for transport, he provided two wooden brackets mounting t-inch bolts. The 
brackets were glued to the plane of the Earth's orbit. Gray cardboard l/8 inch thick 
was employed: it was bought from a local bookbinder. A.L.P.O. Comets Recorder Dennis 
Milan supplied the orbital elements. 

More on That "Curious Lunar Valley." This feature was described in this journal 
in Vol. 26, Nos. 9-10, pp. 209-211 by Mr. Alika Herring~ and a not.e by Mr. Rodger 
Gordon of Nazareth, PA followed in Vol. 26, Nos. 11-12, pp. 258-259. Mr. Gordon adds 
some further comments in a 1 etter of May 30, 1978. He wrote in part: ". . . during 
the course of some searching of the literature, I found an interesting drawing of this 
valley on a Moon map drawn by Cassini in 1680. This map can be found on page 14 (XIV} 
of the 'Times Atlas of the Moon' edited by H. A. G. Lewis, published by Times Newspapers, 
Limited, Printing House, London, 1969. The map is a reduced copy of Cassini 's 21-inch 
map with long focus, single element 17th century refractors. Cassini shows the valley 
stretching over Mare Serenitatis and beyond--coinciding with the Bessel bright ray. The 
other portion from Aliacensis to Julius Caesar is well shown but is drawn narrower than 
my views of it or as depicted on the Herring photograph. It is more evident on Cassini 's 
drawing than on Herring's photo .... 

"The valley should be of extreme interest to the lunar geologist. The portion 
of it from Aliacensis to Julius Caesar is quite large--several hundred miles long and 
75-90 miles in width in places; and if it can be shown that the 'part' which appears to 
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coincide with the Bessel ray and beyond is real (perhaps a drowned feature), then we 
would have on the Moon a valley comparable with (in relation to the Moon's diameter) 
the great rift valley Valles Marineris on Mars or the East African Rift Valley here 
on Earth. 

"Here is a good opportunity for the amateur lunar observer, who frequently com
plains that there is 'nothing left to discover on the Moon' (a complaint also voiced 
by some professionals) to go out and perhaps contribute some observations to what I 
think, geologically speaking, could be of extreme importance in the early history of 
the Moon and to our understanding of tectonic processes." 

The fact that Cassini drew this lunar feature in 1680 would suggest that wide 
fields of view, low powers, and even small apertures may provide the best overall 
views. 

ANNOUNCEMENTS 

Sustaining Members and Sponsors. The persons listed below support the work of 
the A.L.P.O. by paying higher dues, $30 per volume for Sponsors and $15 per volume for 
Sustaining Members. The generous assistance of these colleagues has been, and is, 
most valuable. 

Sponsors--Philip and Virginia Glaser, Dr. John E. Westfall, Dr. James Q. Gant, Jr., 
Ken Thomson, Reverend Kenneth J. Delano, Frederick W. Jaeger, T. R. Cave--Cave Optical 
Company, Harry Grimsley, John Marelli, Darryl J. Davis, Michael McCants, Dr. Freeman D. 
Miller, and Phillip D. Wyman. 

Sustaining Members--Sky Publishing Corporation, Charles L. Ricker, Elmer J. Reese, 
Carl A. Anderson, Gordon D. Hall, A. W. Mount, Charles B. Owens, Joseph P. Vitous, A. K. 
Parizek, B. Traucki, Lyle T. Johnson, H. W. Kelsey, Dr. Daniel H. Harris, W. King Monroe, 
James W. Young, Dr. Joel W. Goodman, Commander W. R. Pettyjohn, Robert M. Adams, Orville 
H. Brettman, Brad Dischner, Dr. Julius L. Benton, Jr., Hoy J. Walls, Robert M. Peterson, 
Winifred S. Cameron, Dr. Charles S. Morris, Richard J. Wessling, Bill Pierce, Paul E. 
Stegmann, Dr. D. D. Meisel, Harold D. Seielstad, Rodger W. Gordon, Dr. Howard W. Williams, 
Tim Robertson, Alan P. Witzgall, Marvin W. Huddleston, Dr. Clark R. Chapman, Michael B. 
Smith, Dr. Joseph Ashbrook, and R. F. Buller. 

If readers see errors in these lists, we would be glad to be informed of them. 
Any unintended omissions are the fault of the Editor. 

Honor Earned by Ron Doel. The many friends of Assistant Jupiter Recorder Ron 
Doel among our readers will be delighted to learn that his paper on Jupiter SEB Distur
bance analysis, published in part elsewhere in this issue, received the Edwin L.Shuman 
Award from Northwestern University for excellence in English. We extend our tardy con
gratulations. 

Our Annual Convention--Astronomy West '78. A unique and first time ever Joint 
Conference of the Western Amateur Astronomers, the Amateur Astronomers of Northern Cali
fornia, the Astronomical Society of the Pacific, and the A.L.P.O. promises to be an event 
that should not be missed. The place is California Polytechnic State University at San 
Luis Obispo, Calif.; and the dates are July 27 to 30, 1978. Pre-registration, permitted 
up to July 20, is nine dollars per person; at the door registration is ten dollars per 
person. A registration form may be mailed to WAA Registration, c/o 1110 Petaluma Hill 
Road, Santa Rosa, CA 95404. Accommodations are available in clean modern University 
residence halls close to the Convention site. Those wishing on-campus housing should 
make arrangements with the Housing Manager, Calif. Polytechnic State University, San Luis 
Obispo, CA 93407. (Single occupancy rates are ten dollars per night;* couples, fourteen 
dollars per night.) There will be two field trips on Friday afternoon, July 28. One 
will be by chartered bus to Vandenberg Air Force Base. The second field trip is to 
Hearst Castle at San Simeon by private automobile. The annual banquet will be a lun
cheon for the modest price of five dollars. Attendees with automobiles will need on
campus parking permits on July 27 and 28. A University meal package including the ban
quet will cost thirty dollars per person. 

Those who have attended similar meetings in the past will expect a varied and in
formative program of papers, including several invited lectures by professional astro
nomers. Papers for the A.L.P.O. part of the program are rather few at this date (June 
23), and some late contributions of merit might be acceptable. Mars Recorder "Chick" 
Capen has promised a discussion of seasonal and secular changes on Mars as recorded in 
A.L.P.O. observations for the interval 1971-78. John Westfall and Ron Doel are also 
giving papers, among others. Contrary to earlier plans, there will be a Proceedings, 
which will include the papers of authors who prepare them in a required, camera-ready 
format. 

Photographs, drawings, charts, etc. are still welcome for the A.L.P.O. part of 
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the Convention Exhibit. At this late date contributors will probably want to hand
carry their display to San Luis Obispo. However, Dr. John Westfall, who will manage the 
A.L.P.O. Exhibit, would appreciate brief advance information from exhibitors. His ad
dress is 2775 - 39th Ave., San Francisco, CA 94116. 

Astronomy West '78 will also feature an Astrophotography Exhibit, though it is to 
be feared that this issue will not reach our readers before the deadline of July 15. 
Color or black-and-white prints and inquiries for information are being handled by Mr. 
Charles Townsend, 3521 San Juan, Oxnard, CA 93030. Slides should be mailed to Mr. John 
Sanford, 2215 Martha, Orange, CA 92667. Competition among the astrophotos will not be 
conducted. 

Errors in Volume 27. Nos. 3-4 of This Journal. On page 70, image no. 17, a drawing 
by C. F. Capen on October 4, 1975, the correct U.T. is~. not 0800. On page 72, image 
no. 45, a drawing by C. F. Capen on December 20, 1g75, the correct U.T. is ~. not 0410. 
Note that the CM's are correct as previously published. 

Dr. Derek Wallentinsen has kindly pointed out some editing blunders in his article 
on pages 51-63. He writes in part: "[There is] a confusion between m1 (total geocentric, 
or apparent, magnitude) and H61 (total heliocentric magnitude). 

"The heliocentric total magnitude, as discussed in the second paragraph on page 59, 
should be denoted by H61. The same applies to the caption for Figure 13, Part 1, where 
the equation should read H61 = Ho + 2.5n log r, H61 representing the ordinate in the graph, 
which is labeled as such. [Similarly, m2 should be replaced by H62 in the caption for 
Figure 13, Part 2.] 

"The equation m = H6 + 5 log6 is convenient when H6 is constant, not the apparent 
(geocentric) magnitude. This is as in equation (3) for P-Ill." Readers may want to re
place m by H6, m1 by H61, and m2 by H62 in the proper places on pages 59-62 of their 
copies of Vol. 27, Nos. 3-4. 

Many New Books in A.L.P.O. Library. Mr. John Marelli of Boston has donated many 
books to the A.L.P.O. Library. It is his desire and ours that these should provide in
formative reading for our members. Some of the titles are Jupiter by Tom Gehrels, The 
~of Mars by Thomas A. Mutch and others, Astronomy and Cosmology: ~Modern Course 
by Fred Hoyle,~ Frontiers in Astronom~ from Scientific American, Fingertio Math by 

BOOKS ON ASTRONOMY 

~: MARS, by I. Asimow 
NEW: ATLAS OF MERCURY, by P. Moore 
NEW: JUPITER, by T. Gehrels, ed., 1254 pp. 
NEW: COMETS, by P. Moore 
THE' STUDY OF COMETS, ed. by NASA 
MARS, viewed by Mariner 9, ed. by NASA 
THE RINGS OF SATURN, ed. by NASA 
THE PLANET SATURN, by d'Alexander-

limited supply only-
MAN AND COSMOS, Nine Guggenheim Lectures on 

the Solar System - limited supply only -
RADIO ASTRONOMY FOR THE AMATEUR, by D. 

Heiserman, 
ASTRONOMICAL TELESCOPES AND OBSERVATORIES, 

ed. by P. Moore 
~: THE NEW GUIDE TO THE PLANETS, by P. 

Moore 
~; THE NEW GUIDE TO THE MOON, by P. Moore 
ASTRONOMY AND COSMOLOGY, by Fred Hoyle 
Communication with Extraterrestrial Intel-

ligence, ed. by C. Sagan, soft-bound 
Color Star Atlas, by P. Moore 
NORTON'S STAR ATLAS, latest edition 
AMATEUR TELESCOPE MAKING 

Book 1, $8.00; Book 2, $9.00; Book 3, 
AMERICAN EPHEMERIS AND NAUTICAL ALMANAC 

FOR 1978 

Texas Instruments, .!ilM;k .tlQ.lfi, .Q.u.a.
~. and~ Universe by Harry L. 

$ 7 95 Shipman, and~ Morphology by Peter 
$lo:oo H. Schultz. 
$38.50 CAVE ASTROLA 
$ 7.95 REFLECTING TELESCOPES 
$12.50 
$ 8.15 These excellent reflecting telescopes 
$ 3.35 are very well known to all serious 

planetary and lunar observers. A 
$15.75 very large number of the world's 

leading lunar and planetary astro
$ 8.95 nomers are currently using complete 

Astrola reflecting telescopes or 
$ 5.95 optical component parts thereof. We 

sell Orthostar and other brands of 
$ 7,g5 orthoscopic oculars, Kellner and other 

forms of oculars. 
$ 7.95 
$10.95 We specialize in refiguring imperfect 
$15.95 telescope mirrors of all sizes to the 

$ 6.00 
$ 7.95 
$12.50 

$10.00 

$11 .00 

highest optical quality. 

We offer a complete line of Newton
ian, Cassegrainian, and Refracting 
telescopes fro~ 6 inches to 24 inches 
in diameter. Used reflectors and re
fractors are often in stock. 

Write for NEW enlarged list of astronomical 
1 iterature. 

WRITE FOR OUR CATALOGUE 

CAVE OPTICAL COMPANY 
4137 E. Anaheim St. 

HERBERT A. LUFT Long Beach, California 90804 

P.O. Box 91 

Oakland Gardens, NY 11364 Phone: AC (213) 434-2613 
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SUBSCRIPTION RATES 

Single Issue (in stock) 

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

1 Volume (6 issues), other 
countries 

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

2 Volumes (12 issues), other 
countries 

$ 1.75 

8.00 

9.00 

14.00 

16.00 

SPECIAL MEMBERSHIPS 

Sustaining Members . $15.00 per volume, 
or 6 issues 

Sponsors $30.00 per volume, 
or 6 issues 

ADVERTISING RATES 

Full Page Display Ad 

Half Page Display Ad 

$40.00 

22.50 

Quarter Page Display Ad . . . .. . . ... . . 15.00 

Classsified or Listing (per col. in.) 4.00 

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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STAR ATLASES are our FORTE! 
Sky Publishing's array of star maps and atlases has world renown - second only to Sky 
and Telescope itself - for we can produce and import the many fine publications 
required by most amateur astronomers and many professionals. Most important, we 
maintain stocks of these unique publications through the years. There are introductory 
maps for the beginner, including this magazine's monthly centerpiece, several atlases for 
intermediate amateurs, and elaborate Czechoslovakian and German productions for the 
advanced observer and experienced astrophotographer. (Note: Atlas Australis, not listed 
below, covers the southern sky in exactly the same manner as Atlas Borealis, and is 
ordered as A-8, $22.50.) 

POPULAR STAR ATlAS 
Suitable for beginners but handy for everyone is this 

book of constellation charts. Against a dark blue 
background, stars are shown to magnitude 5Vz, with 
constellation boundaries, Greek letters, and Flamsteed 
numbers. There are observing lists of conspicuous 
double stars, Messier objects, a constellation index, and 
star names. Covers the entire sky, for use anywhere in 
the world. Order 0-2 POPULAR . .. $3.50 

NORTON'S STAR ATLAS and Reference Handbook 
This is the new, greatly expanded 16th edition of one 

of astronomy's classic references, which should be on the 
desk of everyone interested in astronomy. Its 16 double
page charts are specially clothbound to open perfectly 
flat, even though preceded by a 116-page large-format 
reference handbook that gives information on every 
phase of astronomy of interest to the amateur. With 
each Norton's we include our handy chart and index of 
Messier objects. Order A-3 NORTON'S . .. $12.50 

Skalnate Pleso Deluxe ATLAS OF THE HEAVENS 
Each of the 16 charts in this famous aid to celestial 

observing measures 15 by 21 inches, giving a scale that is 
adequate for identifying in any part of the sky stars, 
clusters, nebulae, planetaries, galaxies, and strong radio 
sources, the different types of object being color coded 
for quick recognition. The Milky Way is shown in great 
detail, again with color coding for its more intense parts, 
as well as for areas of bright and dark nebulosity. The 
celestial coordinate scales are for the precessional epoch 
1950, matching most modern star catalogues, including 
our own Skalnate Pleso Atlas Catalogue. Wirebound in 
dark-blue Lexitone. 

Order A-1 DELUXE ATLAS (U.S.A.) ... $14.00 
All other countries ... $15.00 

FIELD EDITION Atlas of the Heavens 
The basic sky maps of the Deluxe Edition are here 

reproduced at two-thirds scale, but with white stars on a 
black background for nonglare use at the telescope and 
in the field. Sixteen 18-by-12V.-inch charts with intro
duction, shipped flat. 

Order A-2 FIELD EDITION . .. $5.00* 

DESK EDITION Atlas of the Heavens 
Like the Field Edition, but with black stars and 

coordinates on white paper, for desk use and easy 
marking. On heavy 150-pound paper; 16 charts with 
introduction, shipped flat. 

Order A-4 DESK EDITION . .. $5.00* 

*SPECIAL COMBINATION: 
Two sets of either the Field Edition or the 
Desk Edition, or one of each. $8.00 

ATLAS BOREALIS 
Amateurs working seriously in astronomy and sky 

photography find this and Atlas Eclipticalis invaluable 
for locating asteroids, comets, deep-sky wonders, and 
faint stars. The 92,000 stars are coded in six colors to 
give their spectral classes. The scale is uniformly two 
centimeters to one degree of sky, Atlas Borealis having 
12 maps for declinations + 30° to + 50° in steps of 2h in 
right ascension, eight maps between +50° and +70° in 
3h steps, and four charts for the polar region. Wire
bound in beautiful red Lexitone, overall size 13'1, by 19 
inches, weight 3 pounds. 

Order A-6 ATLAS BOREALIS . .. $22.50 

ATLAS ECLIPTICALIS 
It takes 32 large charts, each rectangular, to cover the 

equatorial zone of the sky between -30° and +30° 
declination, in 1 1/zh steps of right ascension. Some 
124,000 stars are plotted, each color coded for quick 
comparison with photographs, whether in black-and
white on different emulsions or in full color. Recognition 
of a star field is almost instantaneous when a print from 
an amateur's color transparency or negative is compared 
with Atlas Eclipticalis or Borealis. Wirebound in red 
Lexitone, size 14 1/• by 20 inches, weight 4 pounds. 

Order A-7 ATLAS ECLIPTICALIS ... $27.50 

PHOTOGRAPHIC STAR ATLAS 
This comprehensive atlas was compiled by Hans 

Vehrenberg with twin Zeiss f/3.5 astrocameras at observ
ing stations in Germany and South Africa, to include the 
entire sky. In the northern section, 303 maps cover from 
+90° to -26° in declination, while 161 maps in the 
southern section cover -14° to the south celestial pole, 
giving a good overlap between the sections! Each map is 
printed on heavy paper, 11'/, by 8 1/, inches, the field of 
the chart being 10 degrees square, to a scale of 15 
millimeters per degree of sky. Adjacent maps overlap by 
two degrees, and the average limiting magnitude for stars 
is about 13. Edition A is photo-offset with black stars 
on a white background; edition B is photo-printed with 
white stars on black sky. The 24-page explanatory 
booklet is written in English, French, and German. The 
northern section is boxed in two large containers, the 
southern section in one. 

*'Order V-2 VEHRENBERG NORTHERN A ... $38.00 
(Weight 10 pounds) B ... $53.00 

*'Order V-3 VEHRENBERG SOUTHERN A ... $21.00 
(Weight 6 pounds) B ... $30.00 

**Hans Vehrenberg's many other publications are de
scribed in Scanning the Skies. On Vehrenberg orders, 
eight weeks must be allowed for receipt of shipments 
from West Germany; Customs may collect a small duty. 

All items described above and in our catalogue, SCANNING THE SKIES, are shipped postpaid both within the 

United States and elsewhere in the world. Orders should be accompanied with check or money order in U. S. funds. 

SKY PUBLISHING CORPORATION, 49-50-51 Bay State Road, Cambridge, Mass. 02138 


