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Four 1975 views of Mars showing normal seasonal and uncommon secular albedo fea
tures modifications (arrows). See Mars Report by C. Capen and R. Rhoads on pages 
63-76. (A) Red-light photovisual image of Sirenum-Cimmerium region ( C.l.\1. 168°) on 

Oct. 17, 1975 at 9h45m, U.T., (ll-cm. refractor at 810X, C.Capen. (B) Drawing of 

Erythraeum-Acidalium region (C.M. 37°) on Dec. 20, 1975 at 15h35m, U.'l'., 32-cm. 
Newtonian at 385X, T. Osawa. (C) Yellow-light photograph of Solis Lacus-Daedalia 
region (C.M. 12'0°) on Dec. 22 at 22h2.5m, U.T., 106-cm. Cassegrain at Pic du Midi 
Observatory, Professor Jean Dragesco. (D) Drawing of Syrtis Major-Sabaeus S. region 
(C.M. 317°) on Dec. 31, 1975 at l6h45m, U.T., 20-cm. reflector at 350X, M. Adachi. 
The distant Mars is now well placed in the evening sky in the spring of 1978. 
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THE A,L,P.O. AT THE FOURTH~ CONVENTION 

By: Alain Porter 

The Association of Lunar and Planetary Observers was one of four national groups 
participating in the National Amateur Astronomers Convention held on the University of 
Colorado's Boulder campus in August, 1977. The diligence of General Chairman Derald 
Nye and the host Denver Astronomical Society combined with the beauty of the Rocky 
Mountains and the extensive amateur participation to make the convention an unqualified 
success. 

The formal activities began on Wednesday morning, August 10, with a welcome from 
the presidents of the participating organizations. Dr. Gerrit Verschuijr then spoke on 
"The Search for txtraterrestrial Intelligence." He suggested several reasons why such 
life may be much rarer in the Universe than is commonly thought--perhaps even unique in 
the galaxy, Also on Wednesday morning, Richard Poremba reported on the "Astronomy for 
America" project to build a mobile 102-cm, telescope for the use of the public and of 
amateur astronomers, and Dr. Gary Thomas of the University of Colorado discussed possi
ble spacecraft missions to Halley's Comet or other comets. 

Almost fifty papers were given in five sessions throughout the week. On Wednes
day afternoon several papers on asteroids and eclipsing binaries were given by members 
of the A.L.P.O. Minor Planets Section and the Milwaukee Astronomical Society. On Fri
day morning W.A.A. members gave a series of papers on telescopes and other observing 
equipment; and that afternoon I.O.T.A. (International Occultation Timing Association) 
members reported on recent occultation work, including some interesting grazes and pla
netary occultations. Dr. Niels P. Wieth-Knudsen of Denmark read two papers on occulta
tion work, and another on observed residuals in the Jovian satellite ephemerides. 
Saturday morning saw the A,L.P.O. paper session. The first paper was Charles Capen's 
discussion of international planetary patrol programs. A.L.P.O. director Walter Haas 
made a comparison of the numerical planetary intensity scales of the A.L.P.O. and two 
other groups. B.A.A. member Richard Baum and Mars Recorder Capen presented papers on 
the rings of Uranus, and Dr. John Westfall described light measurements of Earth's at
mosphere and their implications. Jupiter and Saturn Recorders Paul Mackal and Julius 
Benton respectively reported on past work in, and future plans for, their Sections. 
The last paper session, on Saturday afternoon, was highlighted by a paper by Norman 
Sperling on the hazards of cheap solar filters and the chances of having them banned, 
an audiovisual presentation on astronomy by the Detroit group, and a discussion by 
Saul Levy on the scientific and political problems astronomy faces today. 

Meanwhile, there was a planetarium show about Mars Wednesday night: a mixture of 
science fiction and Viking data (the University's Fiske Planetarium is described in 
Sky and Telescope, Sept., 1975, pp. 140-4). Several field trips were available on 
Thursday morning, most notably to the N.C.A.R., N.B.S., AND N.O.A.A. stations. The 
writer visited the University's OS0-8 experiment room, where the Sun is observed daily, 
rain or shine. Thursday afternoon was devoted to the telescope and astrophotography 
contests. That evening, there was a cookout and meteor watch from Flagstaff Mountain 
(elevation nearly 7000') overlooking Boulder. Observations made from the mountains on 
this and other nights showed that the Perseids were quite strong in 1977. The last 
event of the convention was the Saturday evening banquet, where Dr. Charles Hord of the 
University of Colorado spoke on, and showed a film about, the Voyager Missions to 
Jupiter and beyond. Also at the banquet, the G. Bruce Blair Award was presented to 
Frank Miller, the newly elected Chairman of the Western Amateur Astronomers. 

The annual A.L.P.O. Business Meeting on Friday night has already been described 
by Secretary J. Russell Smith in J.A.L.P.O., Vol. 27, Nos. 1-2, pp. 15-16. 

Finally, the A.L.P.O. accepted an invitation from the W.A.A. to participate in 
their convention at San Luis Obispo, California, in July, 1978. We hope that that 
convention will be as exciting overall as the one at Boulder was, and that A.L.P.O. mem
bers will turn out in force to make it a truly balanced affair. 

THE A.L.P,O. ~AT THE FOURTH .tL.A,A,.. CONVENTION 

By: Harold Anderson, A.L.P.O. 1977 Exhibit Chairman 

The National Amateur Astronomers Convention held in Boulder, Colorado on August 
10-13, 1977 was a big success. The A.L.P.O. Exhibit was seen by the majority of the 
more than 500 persons who attended. Many of them visited the exhibit several times dur
ing the convention, and several joined the A.L.P.O. The exhibit contained a wide cross
section of the projects being undertaken by A.L.P.O. members. It was located in a 
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E. Ken Owen, Oklahoma City, Oklahoma. 
Alan W. Heath, Nottingham, England. 
Phillip Budine, Walton, New York. 
David Fliss, Buffalo, New York. 
Ron Price, Garland, Texas. 
Michael Smith, Alamogordo, New 
Two photographs of the A.L.P.O. 

Figure 1. Fisk~ Planetarium 
(right of center) and Sommers
Bausch Observatory (center) 
on University ofColorado cam
pus at. Boulder. This campus 
was the sHe of the fourth 
National 't%tla1iel{r ~stronomers 
Conve!'ltiot~. off:: Al.lgll~t l 0-13, 
1 977. Hgure:s l.-5 are photo
graphs tak/!6 anti· •. contributed 
by Mr. Ala'l.n.Porter. See his 
article on page 45. 

Figure 2. Mirror Lake near 
Kittredge Commons, residence 
and dining complex, on Univer
sity of Colorado campus. Flat
iron Mountains in background. 

Figure 3. View of portion of 
University of Colorado campus. 

* * * 

England, 
, Ohio. 
Pennsylvania. 
Arizona. 



Figure 4, Mr. Joseph Liu 
from Hong Kong (left) and 
A,L,P,O. Director Walter Haas 
at the Fourth N,A.A, Conven
tion at Boulder, Colorado. 
Mr. Liu had travelled the 
greatest distance of all the 
attendees. 

Figure 5. Another view on 
the University of Colorado 
campus. Many of the paper 
sessions were held in the 
building whose front is shown 
at the right. The dome in 
the background houses a tele
scope on the Physics Building. 

Figure 6. A.L.P.O. Associate Director 
John Westfall (left) and Walter Haas with 
the new A.L.P.O. emblem, which was de
signed by Mrs. Peggy Haas. Photograph 
taken by Mrs. Nancy Hodgson after the 
A,L.P.O. Business Meeting. The emblem 
has gold lettering on a dark blue back
ground. 

RECENT ADVANCES IN PLANETARY PHOTOGRAPHY 

By; C. F. Capen, Braeside Observatory, Boulder, CO 

Astrophotography is one of the few scientific fields today where the amateur 
astronomer can match, or excel, the efforts of the professional astronomer. By 
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Grain UFG Developer by Plymouth Products Co,, Chicago in full strength on all black 
and white Pan films and diluted by 1 part H20 on all hi-contrast fine grain Kodak 35mm 
Spectroscopic films suitable for extended planetary images, III-0, III-G, III-F, IV-E, 
I-N, and IV-N types. 

For two decades solar astronomers have been photographing the Sun with Kodak 
Solar Flare Patrol Film S0-392. This film was also found to give excellent contrast 
on features during Full Moon by U.S, Naval Observatory astronomers, Evidently, S0-392 
had a wide exposure latitude. Several years later Kodak recognized that this remark
able film could be used beneficially at the microscope. Consequently, Eastman Kodak 
made available this same emulsion under the product name Photomicrography Monochrome 
Film S0-410! Astronomers, biomedical researchers, metallographers, etc. have exploited 
the wide range of contrasts possible with the S0-393/S0-410 Film by controlled devel
opment. The S0-393/S0-410 Film has a granularity which approaches that of High Con
trast Copy Film (5069), a speed close to that of Panatomic-X (ASA 32), and an extended 
red sensitivity! By pushing its development in D-19 full strength for 4 or 5 minutes 
at 68°F, it is possible to increase its speed to ASA 160. 

According to "A Film for all Focal Lengths," Kodak Tech Bits, Vol. No.2, 1977, 
the S0-392/S0-410 Film has its limitations. It lacks sensitivity speed in the green 
spectral region, and its resolving power is not so high as expected from a film with 
such fine granularity, Because S0-393/S0-410 Film was so popular in various technical 
fields, Eastman Kodak's emulsion chemists improved the film by eliminating most of the 
green dip (improved green sensitivity) shown in Figure 9. This new film is identified 
as Kodak Technical Pan Film (Estar- AH Base) S0-115 Film. The slight loss in red sen
sitivity shown at the right of the graph is due to the addition of an antihalation 
coating on the polyester backing, which suppresses curl as well as reflection from the 
back of the film. According to Kodak, the characteristic curves for S0-115 Film show 
the same broad range of possibilities for contrast control; however, they note that a 
slight increase in development may be required to achieve similar contrast obtained 
with S0-392/S0-410 Film. The new S0-115 Film may either be obtained from Kodak graphic 
art stores or ordered from your local Kodak dealer. Ordering specifications are: 

135-36 (35mm magazines) CAT No. 129 7563. 
35mm X 150 ft. rolls Sp 651 (Type AA core, KS perf)CAT No. 129 9916. 
4" X 5", 50 sheet/pkg. CAT No, 152 4594. 

The fine grain of S0-115 Film allows maximum enlargement appropriate for wall-size 
blowups when developed in the special developer described below. 
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500 600 700 
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Figure 9. Comparative spectral sensitivity curves for two Kodak films useful in 
planetary photography. This graph was adapted by C. F. Capen from Eastman Kodak Co. 
Tech Bits, Vol. No. 2, 1977, which is a Kodak publication for scientists and engineers. 
See also text on this page. The sensitivity of the human eye extends from about 400 
nm (violet) to about 700 nm (red). 

* * * * * * * * * * 
While a resident astronomer at the Jet Propulsion Laboratory's Table Mountain 

Observatory, the author tested all types of developers. After several years of ex
perimentation, he found the "Universal Developer" for all black and white films. It 
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Figure 10. Examples of photographic den
sity gray tones. Both pictures were taken 
with the same lighting, the same subject, 
and the same film, The left photograph 
was taken on High Contrast Copy Film pro
cessed in the recommended conventional 
developer and has only 2 or 3 steps of 
density gray tones across the image. The 
photograph on the right was processed in 
Micrograin .Developer (PMD) and has the full 
range of 10 gray tores which is ideal for 
planetary photography. (Of course, the 
reproduction process used in this journal 
may not perfectly capture all the tones on 
Mr. Capen's original pictures.) 

* * * * * * * * * * * * * * * 
was Ultra-Fine Grain Developer, or simply UFG, especially suited for the extended pla
netary image. Recently, the author has found a better formulated Universal Developer 
for black and white films, packaged by Perfection Photographic Products, Inc., Beverly 
Hills, CA. The Perfection Micrograin Developer produces virtually grainless negatives 
from most fine grain Pan films which are on the market today, gives 10 full gradations 
of the gray scale across the image, and allows a large range of exposure latitude which 
is ideal for planetary photography, image interpretation, and enlargement. The enlarged 
print from the full density planetary image is perfect for A.L.P.O. Planet Section ana
lyses. Refer to Figure 10. Furthermore, this developer will increase the speed of most 
of the standard Pan films, as shown in Table I. It is economical to use, considering 
the image quality achieved, Each gallon of Perfection Micrograin Developer will pro
cess 20-36 exposure rolls of film {less than 35¢ per roll), After use, one returns the 
developer to a lightproof air-tight container, such as the compressible plastic brown 
storage container. If kept cool, the developer's expected shelf life is 6-8 months, 
or one complete planetary apparition! 

Table I 

ASA Develogment Time Temgerijture (OF) 
Micrograin Films: 
Kodak High Contrast Copy 25 8 Mins. 68° 
H & W VTE Ultra 25 11 Mi ns. 75° 
H & W VTE Pan 100 11 Mi ns. 74° 
Kodak S0-410 or S0-115 Film 200 11 ~1ins. 720 
Fine ~rain Films: 
Kodak Panatomic-X 400 14 Mi ns. 75° 
Kodak Plus-X 600 11 ~1ins. 74° 
Ilford Pan F 400 15 Mi ns. 76° 
Sy~er S~eed Film: 
Kodak Tri-X 6000 12 Mi ns. 100° 

When not pushing for super speed, one finds the ability of PMD remarkable. For 
instance, Kodak High Contrast Copy Film has long been noted for its superb resolving 
power and micrograin; but it characteristically produced images with only 2 or 3 den
sity gradations of the gray scale, giving a "white-wash and charcoal" effect on the 
resulting print when processed in a conventional developer. With the efficient soft
developing of PMD, this film reproduces all 10 gradations of the gray scale with ex
cellent definition and with spectral color sensitivity equivalent in gray tone to the 
values registered by the human eye of the planetary astronomer. Quality images can 
be obtained with PMD with the following procedure: The temperature of all liquids 
during pre-soak, developer, stop bath, hypo, and water rinse phases should be maintained 
within 2° to 4°F. The film should be pre-soaked in the 35mm developing dark tank for 
30 seconds with vigorous agitation in water treated with diluted Kodak Photo Flo wetting 
agent. During development in PMD, agitation must be gentle. Micrograin films should 
be agitated once per minute without surge, gurgle, or shock. Angle the tank to about 
60° and rotate clockwise one turn. Fine grain films {ASA 400) should be agitated once 
every 30 seconds very gently. Tri~X film {ASA 6000) should be agitated once every 15 
seconds very gently. Excessive agitation causes undesirable contrast, Micrograin films 
should be put through stop and hypo fixing baths diluted about 50% with gentle agita
tion. Fine grain and super speed films can use normal strength stop and fixing baths. 
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At least five changes of rinse water are sufficient. Hypo clearing agent may be used 
if desired, Hang the film, and pour normal Photo Flow solution (1/2 oz. per gal.) 
down both sides of the negative film strip. Do not squeegee, chamois, or wipe the 
film, Allow it to dry in as dust free an atmosphere as possible at room temperature. 

Perfection Micrograin Developer can be purchased in one gallon packages for 
$6.95 plus $1.00 for postage and handling from Valdis Associates, 25 N. San Francisco, 
Flagstaff, AZ 86001. 

PERIODIC COMET D'ARREST il~: OBSERVATIONS DURING 
THE UNUSUALLY FAVOR~PARITION OF 1976 

By: Derek Wallentinsen, A.L,P.O. Assistant Comets Recorder 

Abstract 

Magnitude and other observations of Periodic Comet d'Arrest in 1976 as reported 
to the Comets Section of the A.L.P.O. are described and analyzed, Using 194 aperture
corrected heliocentric magnitudes, seven equations, including a unique and useful 
"hybrid" for activity through cometary perihelion, are derived to delineate the comet's 
total magnitude during four distinct periods of brightness behavior. Using 23 obser
vations, five formulae for two distinct periods are similarly presented for the nuclear 
magnitude. The comet underwent a remarkable "transperihelic" increase in brightness 
from 30 days before to 20 days after perihelion. This behavior in 1976 appears to be 
typical when compared to previous apparitions of Comet d'Arrest. 

I. Introduction 

At its twentieth return since discovery in 1851, Comet d'Arrest's thirteenth 
apparition was undoubtedly seen by more persons than at all previous apparitions com
bined; and the comet was observed photographically and visually over greater spans of 
time than ever before (Marsden and Bortle, 1976; Ashbrook, 1976; Bortle, 1977}. In 
1976 its approach to the Earth was closer than any other in the comet's 125-year his
tory, and occurred very near perihelion and opposition, hence accounting for its 
brightness and the quite satisfactory number of visual and photographic observations 
reported to the A.L.P.O. Comets Section--in toto well over 200 (see Haas, 1976 for 
more A.L.P,O. photographs and drawings). Using these observations, the author has 
found four distinct periods of brightness behavior for the total magnitude and two for 
the nuclear magnitude of the comet for the period 1~ months before to 4 months after 
the perihelion passage on August 12, 1976. 

The participating observers are listed below. 

Table I; 

Sandro Baroni, Milano, Italy 
John E. Bortle, Stormville, New York 
Dennis and Cheri di Cicco, Duxbury 

Beach, Massachusetts 
Bruce Gardner, Allentown, Pennsylvania 
Ralph Geschwind, Massillon, Ohio 

Dennis Goodman, Wellington, New Zealand 
Martin Grossman, Gronau, W. Germany 
Owen Hamilton, Nashville, Tennessee 
Rick Hill, Greensboro, N. Carolina 
Walter Houston, Haddam, Connecticut 

Albert Jones, Nelson, New Zealand 
(Mrs.}E,A. Jones, Nelson, New Zealand 
William Keel, Nashville, Tennessee 
Bruce A. Krobusek, Ravenna, Ohio 
Gary W. Kronk, Edwardsville, Illinois 

Randy Lambert, Mesquite, Texas 
Rainer Lukas, Berlin, Germany 
Paul D. Maley, Houston, Texas 
Cavagna Marco, Milano, Italy 
Leonard Matuszewski, Paramus, New 

Jersey 

List of Observers 

D. D. Meisel, Bristol, New York 
Charles S. Morris, Boalsburg, Pennsylvania 
Wolfgang Muehle, Stuttgart, W. Germany 
Thomas O'Hara, Fullerton, California 
Stephen O'Meara, Cambridge, Massachusetts 

Chet Patton, Buchanan, Michigan 
Jeff Ryder, Corinda, Australia 
John D. Sabia, Scranton, Pennsylvania 
Karl Simmons, Jacksonville, Florida 
Walter A. Singer, Keene, New Hampshire 

John Sledge, Montevallo, Alabama 
Jim Soder, Sidney, Ohio 
Christopher Stephan, Solon, Ohio 
Nelson Travnik, Sao Paulo, Brazil 
Derek Wallentinsen, Albuquerque, New Mexico 

John E. \Jestfall, San Francisco, California 
D. Winget, Bristol, New York 
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II, General Observations 

The earliest visual observations reported were by John Bortle and Rick Hill on 
June 28, 1976, when r (heliocentric distance) was 1,30 A.U. (astronomical units ) and 
t:, {geocentric distance) was about 0,37 A.U. Bortle described the comet as "small, 
diffuse [with a] very faint coma," while Hill likened it to a cotton ball. The magni
tudes reported were 11 .9 and 12.0 through 32- and 15-cm. reflectors respectively; the 
apparent diameters of l .3 and 2 arc-minutes corresponded to a mean coma diameter of 
26,000 km. at d'Arrest's distance. By two weeks later, when the Full t1oon interfered, 
d'Arrest had brightened by about l magnitude; as early as July 6 Steve O'Meara, using 
the 9- inch Clark refractor at Harvard College Observatory, had noted the broad "fan
shaped" extension of the coma structure which characterized l976e's tail throughout 
the apparition. The first observation of a stellar nucleus was made on July 15, 1976, 
when Bortle saw one of the 14th stellar magnitude inside a central condensation of 0~5 
diameter; the coma was 4!0 in diameter, and he estimated total magnitude at 10.1. The 
comet brightened steadily through July and by the end of the month was visible in 5-cm. 
binoculars in dark skies, being approximately 7th magnitude. 

As d'Arrest approached perihelion in early August (see ephemeris and elements), 
it continued to brighten and its apparent angular diameter increased to l/2 degree; a 
number of observers were reporting a small central condensation, a continuing feature 
during the apparition. About this time the first naked-eye sightings were noted by 
favorably situated watchers. The tail (as such) had developed to a stubby broad sweep 
to the north and west of the comet, with more distinct "edges" configured as parabolic 
and hyperbolic, variously described as up to 50' in length. The nucleus had also 
brightened, and Bortle described the nuclear condensation as having "multiple or granu
lar" detail. 

After perihelion came the comet's most brilliant appearance and the highest 
density of observations (Figure 12)~ even though the comet was receding from both the 
Earth and the Sun and was rapidly moving southwards. There were many reports of naked
eye observations. The apparent diameter of the coma was comparable to that of the 
Moon, Dennis Goodman of Wellington, New Zealand (d'Arrest was becoming a zenithal ob
ject for southern observers) reporting the maximum apparent angular diameter of the 
apparition of 40 to 45 minutes of arc on August 22 and 23: "[the] bright central region 
[being] around 20' across, but total diameter of [the] coma almost 3/4 degree across." 
The actual diameter was 290 to 330 thousand km, (the largest reported in August); the 
comet was 6.0 stellar magnitude and was seen by Mr. Goodman with the unaided eye as a 
faint hazy spot. He and several others noted that the brightest and most condensed 
part of the comet was its eastern-southeast-south portion. The estimated numerical 
degree of coma condensation at this apparition varied, usually being low: the comet at 
all times was characterized as diffuse to extremely diffuse. The tail appeared to be 
less prominent in the latter half of August than it had been in late July and the first 
part of the perihelic month; however, Thomas O'Hara (California) reported a 2° fila
ment on the 29th and Paul Maley (Texas) a 1~8 tail (Marcus, 1976) on September 4 
(atypical values). The indistinct nature of this feature (the tail) is apparent when 
it is realized that several experienced observers reported no tail at all. The proxi
mity of the comet to opposition did place the line of tail projection {radius vector) 
close to the line of sight. 

The nucleus was observed by D. D. Meisel and D. Winget with the 24-inch reflector 
at the C.E.K. Mees Observatory in Bristol, New York in late August. On the 22nd at 
325X it was stellar (S 0~3), single, and estimated at magnitude 11.5 against the cen
tral condensation. The appearance two days later (August 25th) was similar, the nu
cleus being estimated as somewhat larger and less distinct from the condensation. 

D'Arrest reached its maximum brightness in early September, 1976 and faded some
what through the rest of the month. However, as will be seen below, its heliocentric 
magnitude remained at a steady plateau. The reported apparent coma diameter (around 
10') fell, as did the number of tail observations. Albert Jones in New Zealand was 
somewhat doubtful but that some of his tail observations during September weren't sim
ply a somewhat asymmetric coma. Importantly, Mr. Jones extended the series of nuclear 
magnitude estimates into mid-October from his favorable Southern Hemisphere location 
(comet declination in September-October was about -40°). The comet's low altitude 
from the Northern Hemisphere was probably the prime reason that the density of reports 
in September was considerably less than in August. 

In October the brightness faded by several magnitudes, and most observers 
switched to large binoculars or telescopes. On October 19.20, Charles Morris, observ
ing from Boalsburg, PA, called the comet 7.5 through 20x80 binoculars, with a coma of 
degree of condensation (DC) 3 and 10' in diameter, By mid-November, Comet d'Arrest was 
0.9 A.U. from the Earth and was receding rapidly, though it was steadily coming north 
and was becoming readily accessible to northern observers once more. Morris estimated 
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it as 9.0 on November 16 and observed a lO~minute~of~arc coma. This value was much 
smaller in apparent size than in August, but at the distance of 128 million kilometers 
(0.86 A.U.) resulted in the largest actual coma size, some 370,000 kilometers, 

The last reported observation was by John Bortle on December 16.05, 1976. 
D'Arrest was 11.6 total visual magnitude, 2' in diameter and DC was given as 0. It 
was "extremely faint and difficult'' and at the very limit of detection in his 32~cm. 

reflector at 55~65X. Further searches at the comet's positions failed to show it on 
December 19 and 25. 

In synopsis, Comet d'Arrest was a diffuse object throughout its 1976 appariation 
with a large coma indistinctly blending with a very difficult tail. It brightened 
from detectability to maximum in about two months, reaching this maximum several weeks 
past perihelion, and faded to invisibility in 3~ months. The nucleus was visible for 
the impressive period of three months, allowing a good series of magnitude estimates 
to be made, enough for significant conclusions to be drawn about its brightness beha~ 
vior in addition to that of the comet's total magnitude. 

II I. Ephemeris and Orbital Elements of Periodic Comet d'Arrest 
(from Marsden, l976a) 

T 1976, Aug, 12.84, E. T. Epoch 1976, Aug. 10 .0, E. T. 
w 178~93 (1950.0) e = 0.656 
r2 141 ~35 a = 3.385 A.U. 

16~69 no 0~158 
q 1.164 A.U, p 6.23 years 

1976 E,T. ~ ~ ll(A.U.) r(A.U.) 

June 21 l8h48~5 +2Pl2' 
July 1 19 00.7 +22 05 0.349 1 .286 

11 19 17.8 +21 13 0,283 1 .238 
21 19 43.7 +17 26 0.224 1 .201 
31 20 23.5 +08 43 0.178 1 .176 

August 10 21 21 .l ~06 24 0.153 1 ,165 
20 22 30,4 -23 23 0.160 1 .168 
30 23 33,1 ~34 28 0.196 1 .185 

September 9 00 17.2 ~39 19 0.249 1 .215 
19 00 43.5 ~40 36 0.313 1 .257 

29 00 57.8 ~39 57 
October 9 01 05.6 -38 08 0.463 1 .369 

19 01 10.4 -35 32 
29 01 14.4 -32 25 0.649 1 .508 

November 8 01 19.0 -29 01 

18 01 24.6 -25 29 0.877 1 .661 
28 01 31.5 -21 58 

December 8 01 39.6 -18 31 1 .154 1 .821 
18 01 48,9 -15 14 
28 01 59.2 -12 06 1 .476 1. 983 

IV. Observations of Total Magnitude, Nuclear Magnitude 
and Coma Diameter of Periodic Comet d'Arrest 

These data are given in Table II. In the "Inst." column the aperture is in 
ems., L for refractors and S for reflectors, The symbol m1 is the observed total ap
parent magnitude; m2 is the observed magnitude of the nucleus. The symbol d' is the 
observed angular diameter of the coma in minutes of arc, and D is the corresponding 
linear diameter in thousands of kms. Unless otherwise noted, d', D, and m2 are with 
the same instrument as m1. The sources for determining stellar magnitude are as 
follows; 

AAVSO- AAVSO sequences or charts. NZ 
CPC - Cape Catalog, SAO 
BD - Bonner Durchmusterung. 
NPS - North Polar sequence, 
USNO - U.S. Naval Observatory 

Photoelectric Catalog. 
IAUC - Taken from IAU Circulars 

SP 
y 

- New Zealand variable star charts. 
- Smithsonian Astrophysical 

Observatory Catalog. 
- Atlas Coeli Catalog. 
-Yale Catalog of Bright Stars. 

2990, 2994, and 3004 (Marsden). 
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Figure 11 . Photograph of Comet 
d'Arrest (l976e) by Nelson Travnik, 
Observat6rio do Capric6rnio at Campi-
nas, Sao Paulo, Brazi 1, on August 19, 
1976 at about 3h, U,T. A Zeiss Tes-
sar 56/250 mm. lens was used for this 
12-minute exposure on Valca film with 
an l'.merican Standards Association 
rating (ASA) of 400-650. The photo-
graphic size and magnitude of the 
comet can be judged by comparing it 
with the large planetary nebula 
NGC 7293 in Aquarius, shown on the 
same photograph. The nebula is 15Xl2 
minutes of arc in extent and of photo-
graphic magnitude 6,5, Mr. Travnik 

1 s Comets Section Chairman at the Observatory. 

Table II. Comet d 'Arrest ~lagnitudes and Coma Diameters 

1976 UT Observer Inst. ~ mz Q_'_ D(lo3km) ~ Source Notes 

Jun 28.11 Hill 15S 12.0 2 32 1.30 SAO 
28.12 BOl'tl e 32S 11.9 1.3 21 1.30 AAVSO 
29.11 Hi 11 15S 11.9 3 47 1.30 SAO 
29.13 Patton 15S 11 .3 1. 30 SAO 
30.11 Hi 11 15S 11.5 4.5 70 1.29 SAO 

Jul 1.30 Hi 11 15S 11 .l 5 75 1.28 SAO 
2.32 Hi 11 15S 11 .0 5 74 1.28 SAO 
3.14 Bortle 32S 11.5 1.3 19 1.27 AAVSO 
3.19 Patton 15S 11 .0 1 .27 SAO 
3.26 Morris 15S 11 .2 1.5 22 1.27 AAVSO 

3.32 Hi 11 15S 10.8 6.5 94 1.27 SAO 
4.23 Morris 15S 11 .1 2 28 1. 27 AAVSO 
5.17 Patton 15S 10.8 1.26 SAO 
5.24 Bortle 32S 11 .3 1.7 24 1 .26 AAVSO 
5.30 Morris 15S 10.9 2.8 38 1.26 NPS 

6.25 Bortle 32S 11 .1 2.1 29 1.26 AAVSO 
6.29 O'Meara 23L 11 .0 3 41 1.26 SAD, BD 
6.33 Morris 15S 10.8 3 41 1.26 NPS 

12.16 Patton 15S 10.4 1.23 SAO 
15.09 Bortle 32S 10.1 14.0 4 45 1.22 AAVSO 

16.11 Bortle 32S 9.8 4.4 48 1.21 USNO 
17.19 Patton 15S 10.0 1.21 SAO 
18.12 Bortle 32S 9.4 13.5 4.7 49 1.21 USNO 
18.13 Sabia 325 9.0 1.21 SAO 
18.13 11orris 155 9.3 6 63 1.21 NPS 

18.21 O'Meara 23L 9.8 5 52 1 .21 BD 
19.11 Bortle 325 9.4 13.6 6 61 1.21 USNO 
19.13 O'Meara 23L 9.7 1.21 BD 
19.14 Morris 15S 9.6 6 61 1 .21 NPS 
19.47 Jones 32S 10.2 1.21 NZ -2m 

20.10 Bortle 325 9.5 13.3 5 50 1 .20 USNO 
20.13 O'Meara 23L 9.5 1 ,20 BD 
21 .44 Jones 32S 9,6 1.20 NZ -2m 
22.17 Patton 15S 9.6 1 ,20 SAD 
23.11 Bortle 32S 9.0 13.8 6.5 60 1 .19 USNO 

23.11 Bortle 5L 7,9 15 140 1 .19 USNO 
23.17 O'Meara 23L 8.8 10 93 1 .19 SAO 
23.43 Jones 325 9.3 1 .19 NZ -2m 
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Figure 12. Histogram 
of Comet d'Arrest ob-

I----··--~-----·----------~~----~-~------~----~---·------'---- servations reported to 
the A.L.P,O. Comets 
Section in June-December, 
1976, The number of 

-···-----·----·----1------~----------------------observations on each 
date is shown by the 
horizontal bars. On a 
few dates in late 

1------~--------···········---------··r---------------+-----------August as many as nine 
different observers 
submitted reports. 

i~~~~~~iiiiii~~~~====~::::~:{----Z:t---- The times of Full Moon 
are shown as FM on the 
vertical scale; ob
servations were few 
close to Full Moon, 

·-··············-------···----1----~~------~--- revealing a strong 
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Table II. Comet d'Arrest Magnitudes and Coma Diameters (continued) 

1976 UT Observer Inst, ~ m2 d' D(l03km) r(A,U,) Source Notes 

Jul 25.08 O'Meara 23L 8.4 6 53 l .19 SAO, BD 
25.15 Stephan 32S 9 ,l 1.19 SAO 

25.21 Patton l5S 8.5 1.19 SAO 
25.26 Morris 5L 8,5 9 79 l ,19 AAVSO, NPS 
26.09 O'Meara 8L 8.1 l ,19 SAO, BD 
26.11 Bortle 5L 7.7 13.5 120 1.19 USNO 
26.22 ~1orri s 5L 7.8 12 100 l . 19 NPS 

27.08 O'Meara 23L 8.2 1.18 SAO 
27.11 Bortle 5L 7.6 13.3 14 120 1.18 USNO m2=32S 
27.20 ~1orris 5L 6.9 21 180 1,18 NPS 
27.42 Wa 11 ent i nsen 11 S 9.2 2 17 1.18 AAVSO 
28.21 0' ~·1ea ra 23L 7.5 l .18 SAO 

28.92 Lukas l5S 9.2 12.5 12 97 1.18 AAVSO mz +lm 
29.08 Bortle 5L 6.7 13 .l 15 120 l ,18 USNO mz=32S 
29.16 Maley 8L 7.7 1.18 
30.18 Maley 8L 7.8 1.18 
31.12 Lambert l5S 8.8 9 70 1.18 AAVSO 

31 ,16 Maley 8L 7.7 1.18 
Aug 1.14 Simmons lOL 7.7 11 83 l ,17 AAVSO 

1.17 Patton 31,L 7,0 l ,17 SAO 
1.17 Maley 8L 7.7 1.17 
2 .l 0 Houston 32S 8.1 20 150 1.17 SAO +lm 

2.17 Bortle 5L 6.4 27 200 1.17 USNO 
2.18 Maley 8L 7.6 1.17 
2.23 Morris 5L 6 .l 25 180 1.17 NPS 
2.48 Jones 8L 8,3 l .17 NZ 
2.94 Marco 8L 7.9 7.8 55 1.17 SAO 

3.13 Maley 8L 7.6 1.17 
3.17 Bortle 5L 6.2 12.5 26 170 1.17 USNO D=220eye ,m2=32S 
3.21 ~1orris 4L 6 .l 30 220 1.17 Y, NPS 
3.23 Kronk 8L 8.2 l 0 72 l .17 SAO 
4.15 Patton 3l,L 6.2 1.17 SAO 

4.16 Kronk 8L 8.0 10.5 73 l .17 SAO 
4.20 Maley 8L 7.5 1.17 
4.23 Morris 5L 6.2 20 140 l .17 y 
4.23 t1orri s 4L 6 .l 1.17 y 
5.19 ~lal ey 8L 7. 5 1.17 

5.29 Bortle 5L 6.0 12.5 26 180 1.17 USNO mz=32S 
5.29 Bortle eye 5.9 40 280 1.17 USNO 
6.20 Maley 8L 7.4 1.17 
8.21 Patton 31,L 6.0 1.17 SAO 
8.28 Kronk 8L 7.6 7 47 1.17 SAO 

13.16 Maley 3l,L 6.2 20 130 l .16 
14.18 Maley 31,L 6.3 20 130 1.16 
14.49 Jones 8L 6.4 1.16 SAO -2m 
15.18 Maley 31,L 5.8 25 170 1.16 
16.17 Patton 3l,L 5.7 1.17 SAO 

16.18 t1al ey 3~L 5,9 25 170 1.17 
17 .l 0 Bortle 5L 5.7 11 ,8 15 100 l .17 USNO m2=32S 
17.12 Morris 4L 5.7 30 200 1.17 y 
18,11 Bortle 5L 5.7 15 100 l ,17 USNO 
18.14 Morris 4L 5.7 30 200 l ,17 y 

18.25 Kronk 8L 6,8 13.5 92 1.17 SAO 
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Table II, Comet d'Arrest Magnitudes and Coma Diameters (continued) 

1976 UT Observer Inst, ~ m2 d' D(l03km) .dA,__l!_J_ Source Notes 

Aug 18.31 Maley 3>,L 5,8 25 170 1.17 
18.45 Jones 5L 6. 5 1 ,17 SAO 
19.14 Bortle 5L 5.7 12,0 25 170 1.17 USNO m2=32S 
19.18 Hi 11 15S 5.8 12 83 1.17 SAO 

19.19 Morris 5L 5.9 23 160 1 ,17 y 
19.19 Morris 4L 5.9 1.17 y 
19:44 Jones 5L 6.1 1.17 SAO 
19.49 Goodman 5L 6.4 20 140 1 .17 SAO 
20.14 Bortle 5L 5.6 25 170 1.17 USNO 

20.15 Morris 5L 5.6 25 170 1.17 NPS 
20.19 Patton 3>,L 5.5 1 ,17 SAO 
20.42 Jones 5L 6.2 1.17 SAO 
20.98 Marco 8L 6.9 15 110 1 ,17 SAO 
21 .15 Sabia 5L 6.2 7.5 53 1.17 SAO 

21.25 Maley 3~L 5.8 25 180 1.17 
21 .45 Goodman 5L 6.3 30 210 1.17 SAO 
21 ,49 Jones 5L 5.8 1.17 SAO 
22.19 Lambert 5L 6.2 10 72 1.17 AAVSO 
22.25 Simmons lOL 6.0 17 120 1.17 AAVSO 

22,28 t1ei se 1-Wi nget6L 5. 7 11 .5 20 140 1.17 SAO m2=61S 
22.38 Patton 3>,L 6.0 1 ,17 SAO 
22.42 Goodman 5L 6.0 40 290 1.17 SAO 
22.43 Jones 5L 6.2 1.17 SAO 
22.98 Marco 8L 6.7 1 .17 SAO 

23.42 0' Ha ra 3>,L 6.7 15 110 1.17 SAO 
23.43 Goodman 5L 6.3 45 330 1.17 SAO 
24,31 O'Hara 3~L 6.6 12 90 1 .17 SAO 
24.46 Jones 5L 6.2 1.17 SAO 
25.16 Bortle 5L 5,4 25 190 1.18 USNO 

25.23 ~1aley 3>,L 5.3 20 150 l ,18 
25.24 ~1ei sel 5L 5.911.5 20 150 1.18 SAO m2=61S 
26.23 Maley 3>,L 5.3 22 170 l .18 
26.42 0' Ha ra 3~L 6 .l l 0. 9 86 1.18 SAO 
27.25 t1aley 3>,L 5.3 20 160 1.18 

27.36 O'Hara 3~L 6.0 10 80 1.18 
27.46 Jones 5L 5.9 l .18 SAO 
28.23 Lambert 5L 6.3 14 110 1.18 AAVSO 
28.25 Patton 3>,L 6.2 15 120 1.18 SAO 
28.30 O'Hara 3>,L 5.9 20 170 1.18 SAO 

29.21 Simmons lOL 5.7 20 170 1.18 AAVSO 
29.29 Patton 3>,L 6.3 1.18 SAO 
29.31 0' Hara 3>,L 5.8 20 170 l .18 SAO, SP 
29.44 Jones 5L 5.3 ll .3 1.18 SAO, NZ m2=32S 
30.20 Hi 11 l5S 6.9 7 60 l .19 AAVSO 

30.24 Bortle 5L 5 .l 12.0 18 150 1.19 USNO m2=32S 
30.31 0' Ha ra 3~L 5.7 20 170 1.19 SAO 
31 .24 Bortle 5L 5,0 20 180 1.19 USNO 
31.33 O'Hara 3>,L 5,7 20 180 1.19 SAO 
31 .46 Jones 5L 5.5 11 ,6 l ,19 CPC, NZ m2=32S 

Sep l .44 Jones 5L 5. 5 12 .l l .19 CPC, NZ m2=32S 
2.38 Patton 3>,L 6.4 1.19 SAO 
2,69 Goodman 5L 5.6 25 230 1.19 SAO 
3.44 Jones 5L 5.811.6 l ,20 CPC, NZ m2=32S 
7.29 Patton 3>,L 6.5 1.21 SAO 
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Table II. Comet d'Arrest Magnitudes and Coma Diameters (continued) 

1976 UT Observer Inst, l m2 d' D(lo\m) r(A.U.) Source Notes 

Sep 12.31 Maley 3J;,L 5,8 10 120 1 ,23 IAUC 
13,44 Jones 5L 5.6 1.23 y 
15.29 Maley 3l;,L 6.0 8 100 1 ,24 IAUC 
18.42 Jones 5L 6,0 12.0 1.25 Y,NZ m2=32S 
19.43 0' Ha ra l5S 6.9 20 270 1.26 SAO 

20.23 Bartle 5L 5.9 10.5 150 1 .26 USNO 
21 .45 Jones 5L 6,4 12.1 1 ,27 Y ,NZ m2=32S 
22,23 Bortle 5L 6.1 9.6 140 1.27 USNO 
22.30 Maley 3l;,L 6.4 10 140 1.27 IAUC 
23.23 Bartle 5L 6 .l 9,6 140 1.28 USNO 

23.25 Morris 5L 5.3 20 300 1.28 y 
25.22 Bartle 5L 6 .l 8 120 1 ,29 USNO 
27.46 Jones 5L 6.4 1. 30 CPC 
28.46 Jones 5L 6.4 12 .l 4(32S) 66 1.31 CPC, NZ m2=32S 
29.26 ~1orri s 5L 6,4 13 220 1.31 y 

29.26 Morris 8L 6.5 10 170 1.31 y 
Oct 1. 29 ~1al ey 3l:il 6.5 1.32 IAUC 

1.47 Jones 5L 6,4 1.32 CPC 
3.45 Jones 5L 6,6 1 ,33 CPC 
4,47 Jones 4~L 6.8 1. 34 CPC -1m 

l 0.25 Maley 3~L 6.9 1.38 IAUC 
12.26 Maley 3l:il 7.0 1.39 IAUC 
13.46 Jones 5L 7.0 1.40 CPC 
15,12 Bortle 5L 7.6 11 250 1.41 USNO 
15.46 Jones 5L 6.9 13.0 1.41 CPC,NZ m2=32S 

18.16 Bortle 5L 7.3 9,4 220 1.43 USNO 
18.16 Bortle 32S 8.2 4.7 110 1.43 USNO 
19.20 r~orris 8L 7.5 10 240 1.44 SAO 
20.47 Jones 5L 8,5 1.45 CPC 
21 .42 Jones 5L 8,5 1.45 CPC 

23.21 t1al ey 13L 7,4 1.47 IAUC 
27.16 Bortle 5L 7,9 9 250 1.49 USNO 
27.16 Bortle 32S 8.8 6.5 180 1.49 USNO 
28.12 Bortle 5L 8,1 8 220 1. 50 USNO 
28.12 Bortle 32S 9.0 3.5 97 1 ,50 USNO 

28,36 Jones 5L 8.4 1. 50 CPC 
28,36 Jones 8L 8,4 1. 50 CPC -1m 
29.19 Morris 8L 7.7 1.51 SAO, IAUC 

Nov 1.19 Maley 13L 7,9 1.53 IAUC 
13.09 Bortle 32S 9.9 3.2 110 1.62 USNO 

14.10 Bortle 32S 10.1 3 110 1.63 AAVSO 
14.12 Morris 8L 8.7 8 290 1.63 SAO 
16 .l 0 Morris 8L 9,0 10 370 1.65 SAO 
16.10 ~1orri s 15S 9.0 10 370 1.65 SAO 
17.08 Bortle 32S 10,3 3 110 1.65 AAVSO 

19.09 Bortle 32S 10.5 3 120 1.67 AAVSO 
21.10 Bortle 32S 10.2 4.5 180 1.69 AAVSO 

Dec 14.02 Bortle 32S 11.3 3 160 1.87 AAVSO 
16.05 Bortle 32S 11 .6 2 110 l ,89 AAVSO 

V. Magnitude Analysis and Discussion 

Approximately 230 total magnitude estimates (m 1) and 25 nuclear magnitude es-
timates (m2) were received of Comet d'Arrest from some 25 out of 35 observers (Table 
II). These constituted the raw data for this analysis and discussion. 
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Observations were qualitatively compared with a number of criteria; and approxi
mately 40 estimates of m1 and several of m2 , as well as a number of descriptive reports, 
had to be rejected. Primary reasons included obviously incorrect times of observation, 
dubious or unspecified magnitude sources, weather conditions, unspecified instrumenta
tion, combinations resulting in reports of questionable value (overall quality), and 
inconsistency with the general body of reports in conjunction with any of the above. 
In the end, 194 observations (Table II) were found suitable and were used in the analy
sis of m1 ,and 23 for m2. The author employed a programmable electronic calculator 
(HP-29C) and several programs he has written for it for all numerical manipulations 
and functions involved in the reduction, The ephemeris given earlier on pg. 53 was 
used to generate rand 6; it is a pre-recovery ephemeris, though the differences be
tween it and the later observed ephemeris (Marsden, 1976b~ c) are negligible for this 
application (e.g,, the perihelia differ by only 1.5 x lo-~ A.U.). 

The observed magnitudes were first corrected to 6 = 1 A.U.; then the standard 
Bobrovnikoff-Morris (B-M) aperture corrections were applied (Morris, 1973a, b). A few 
observations received arbitrary corrections, such as -2m to Jones' early reflector es
timates, to bring them into the general body of estimates (see "Notes" columns in Table 
II). The resulting heliocentric magnitudes were graphed for subsequent visual examina
tion of the apparitional lightcurve for general features (Figure 13), The asymmetry 
of the comet's brightness relative to perihelion was immediately apparent, as were 
several other features of the lightcurve expected from the results of an earlier inves
tigation by Bortle (1977). Chief among these are the sharp slope of the great rise in 
cometary total magnitude (m1) through perihelion and a maximum brightness plateau from 
early September through mid-October. Not shown in Bortle's published lightcurve but 
evident from the A,L.P.O. data is an early "tail" of brightness behavior indicating a 
less rapid increase in brightness from the time of visual recovery through early July 
than that occurring up to and beyond perihelion. 

The brightness of a comet can be expressed as: 

m = H0 + 2.5nlog r + 5"1og 6, 

where m is the observed brightness after correction for aperture bias and any other 
known errors, r is the distance of the comet from the Sun, 6 is its distance from the 
Earth, H0 is its "absolute magnitude" at unit distance from both Earth and Sun, and n is 
an exponent, varying for different comets and averaging about 3.3 (for simple reflected 
sunlight n would be 2), It is sometimes convenient to think of the formula above as: 

m = H0 + bx + c, 

where b 2. 5n, x log r, and c 5log6,oras: 

m = H6 + 5log 6, 

when m is apparently constant while r changes, Regressions were performed with the ob
served data for the different periods of brightness behavior noted below. Here N is the 
total number of observations for the period represented, SHo is the standard error of 
estimate of the "absolute magnitude" defined above, and sb is the standard error of the 
slope coefficient b. The symbol q in equation (2) below 1s the perihelion distance from 
the Sun. For equation (3) s is the standard deviation. 

In all, the lightcurve shows four distinct periods of behavior: 
P-1. Recovery to mid-July. Relatively slow rise ("recovery" rise). 

P-11. Mid-July to early September. The great trans-perihelic rise. 
P-Ill. Early September to mid-October. Maximum brightness plateau. 
P-IV. Mid-October to mid-December (last observation). Decline. 

Regressions were carried out for the three periods of brightness change (I, II, and IV); 
and the mean was taken for P-Ill, with results as follows: 

(P-I). ml = 9. 08 + 40.10 1 og r + 5 1 og 6, 
N = 19 SHo = 1 . 03 s b = 9. 7 3. 

(1) 

(P-I!). m1 = 2.57 + -z;t".o:3~~~{g~M2t~2d~ 9 c/:-; 09-iT + 5 log 6, (2) 

N = 125 sH 0 = 0,46 sb = 6.77. 

( P-I I I ) . m1 = 8. 7 2 + 5 1 og 6 , ( 3) 

N = 26 s = 0,36. 
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Figure 13, Part 1. A lightcurve in three parts of Periodic Comet d'Arrest (1976e). In 
the main plot the total heliocentric magnitude m1 = H0 + 2.5nlog r, on the vertical scale, 
is graphed against date, or 6, or log r, on the horizontal scale. The four straight lines 
fitted to the data represent the four periods of brightness behavior found in the analy
sis. The individual observations are shown by periods, or rarely X's. A q marks the time 
of perihelion passage. See also detailed discussion in text of Mr. Wallentinsen's article 
about Comet d'Arrest. 

* * * * * * * * * * * * * * 
Figure 13, Part 3 (below). A continuation in time of the lightcurve in Part 2 (facing 
page). 
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Figure 13, Part 2. A continuation in time of the lightcurve in Part l (facing page). 
The insert in the lower half of Part 2 and the lower right portion of Part l shows the 
nuclear heliocentric magn·i tude m2 as a function of log r. Note that both horizontal and 
vertical scales differ from those on the main plot. The two fitted straight lines re
present two periods of nuclear brightness behavior. A q marks the time of perihelion 
passage. See also discussion in text. 

* * * * * * * * * * * * * * 
(P-IV). m1 = 6.92 + 12.77 log r + 5 log!!., 

N = 24 SHo = 0.60 sb = 3,07, 
(4) 

Some of the scatter in the observations may be due to ignorance of the individual comet
ary and observer aperture corrections (apcors), which would differ to some extent from 
the standard B-M values. However, the writer was dissatisfied with efforts he made at 
d'Arrest general apcors and decided to discard the results and to use the standard B-M 
values. A combination of the many wide-ranging individual apcors and scatter in the ob
servations of the very diffuse d'Arrest probably made for this failure. 

The branched equation for P-II is a useful "hybrid" found during this analysis by 
the present investigator for representing behavior through perihelion or trans-perihelic 
behavior as one band H0 (l!.t is the time of observation minus the time of perihelion). 
As is clear from the lightcurve, d'Arrest's unusual P-II surge continued well past peri
helion, and this increase is not representable as a function of log r by the conventional 
b log r formula. By simulating a decreasing log r past q (or perihelion), and using it 
in conjunction with the conventional formula, the continuous slope of the graph and be
havior is preserved as r decreases to q and then increases again. Importantly, a better 
reduction is also achieved, The mathematics of the regression tell us that enlarging the 
sum of log r-deviations squared (which are invariably positive) by increasing the range 
of log rand/or N (the number of data points) will give a better regression, This is 
certainly true in the present case, as is demonstrated by SHo and sb of equations (5) and 
(6), representing P-II when broken by q: 

(P-II, l!.t~O). m1 = 4.92 + 88.65 log r + 5 log!!., 
N = 61 sHo = l ,09 sb = 14.72. 

(5) 
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(P-II, llt2:.0). m1 = 3,74 + 98,81 (2 log q - log r) + 5 log t>, 
N 64 sH 0 = 0,98 sb = 15,82, 

(6) 

The errors of estimate are more than twice as large in each case as in (2), the trans
perihelic hybrid equation. Also, the values of band H0 in (2) are in good agreement 
with a pre-q equation of Bortle's (1977), in which H0 = 2,77 and b = 110. In his reduc
tion (which used some of the same observations), Bortle employed t~t as his trans-perihelic 
variable in an equation of the form m1 = qmag + bllt + 5 log [1, namely m1 = 9,93 - 0,076t 
+ 5 log 6. From the A.L.P.O. data for a sim11ar period; 

(P-I I). m1 = 10.51 - 0.06Lt + 5 log 6, (7) 
N = 125 sqmag = 0.05 sb = 0.00, 

a reasonably good agreement. 
The nuclear magnitude estimates are given in Table II. The lightcurve inset (Fig

ure 13) shows two distinct periods, plainly analogues to the trans-perihelic rise and 
plateau maximum of Ht~ 1 . The regression and mean found for periods P-II and P-I II of m2 
are: 

(P-I I). 
t~t~O; 64.73 lon r 

m2 = 11 ·62 + .iit:i1C6iD:n2-Tog_q_:-Tog-r)-- + 5 log 6 • (8) 

N = 19 SHo = 0.60 sb = 8.63. 

m2 = 14.42 + 5 log [1, 

N = 4 s = 0.16. 
(P-I II) : (9) 

Repeating the argument for equations (5) and (6) as now applied to the nuclear magnitude 
yields: 

(P-I I , 6 t ~ 0) . m2 = 15.14 + 19.95 log r + 5 log 6, ( 1 D) 
N 10 sH 0 = 1.09 sb = 14.21. 

(P-I I, t>t2_D). m2 = 11.12 + 71.69 (2 log q - log r) + 5 log 6, ( 11) 
N = 8 sHo = 1 . 61 sb = 26.99. 

The graph convincingly shows a trans-perihelic slope as indicated by (8); clearly, its 
results are much more meaningful than for (10) or (11). From the above, it appears that 
the same physical processes were at work for the nuclear as well as for the total magni
tude. For comparison with (7), with t~t as the variable, we have: 

(P-I I). m2 = 15,94 - 0.04t~t + 5 log 6, 
N = 18 sqmag 0.07 sb = 0.00. 

( 12) 

For the six basic equations (l), (2), (3), (4), (8), and (9) which describe the 
comet's magnitudes during the apparition, four have significant values for b. Evaluating 
b/2.5 = n with the coefficients of (1), (2), (4), and (8) gives 16.0, 47.6, 5.1, and 25.9; 
it is thus found that the exponents of brightness change are much larger than the n e 3.3 
which is the average for all comets. Only the decline (P-IV) falls within the normal 
range of 2 to 6. Additionally, the value of H0 for P-IV is nearest the typical value of 
6.0 for the total magnitude at r = l A.U. while those of P-I and P-II bracket it nearly 
equidistantly by three magnitudes. These numbers for the rises(s), its dramatic temporal 
nature, and the long plateau at maximum all make d'Arrest a very unusual comet. 

VI. Conclusions 

Both the present results and Bortle's analysis agree quite well on the major as
pects of the apparition, the only difference being the one noted earlier about behavior 
during the first few weeks of observation. Before the apparition Bortle had announced 
the discovery of a post-q brightness surge of several magnitudes from study of the mag
nitude estimates available from the previous 12 apparitions and had predicted a similar 
event for the 1976 approach (Bortle in t·1arsden, l976a; Marsden and Bortle, 1976). It 
is clear from both of the analyses that the increase of brightness after perihelion in 
1976 was a continuing part of a surge beginning before perihelion, a trans-perihelic 
rise in brightness which was many times more rapid than the usual q-centered behavior of 
most comets, and not an independent post-q event. l~arsden and Bortle pointed to a pos
sible pre-q surge in the 1870 apparition, and Bortle has found that previous apparitions 
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fit the general 1976 lightcurve well. As already noted, the 1976 lightcurve extends 
for a larger distance on either side of perihelion than that of any other apparition. 
Thus, it appears that the rapid trans-perihelic rise, the plateau maximum, and the slow 
decline seen in 1976 are regular features of this comet's total and nuclear brightness 
behavior. 
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MARS 1975-76 APHELIC APPARITION - A.L,P.O. REPORT l 

By: Charles F. Capen and Robert B, Rhoads, A.L.P.O. Mars Recorders 

Abstract 

The Mars 1975-76 aphelic apparition was a seasonal transition period which per
mitted observation of the Martian southern summer yellow dust cloud epoch during pre
opposition from July to October, 1975 and of the northern spring white cloud, bright 
limb, and white area activity during post-opposition from December, 1975 to July, 1976. 
The polar activity of both regions was well observed, and it is reported. Telescopic 
observations in different colors of light, such as violet or blue light vs. yellow or 
red light, revealed the Martian meteorology and seasonal behavior of the atmosphere. 
The observed changes upon the Martian disk were studied and were interpreted with re
gard to Mariner 9 topographic relief features as well as the classical light and dark 
telescopic albedo features. 

Apparition Characteristics 

Mars was favorably placed for observation from June, 1975 to mid-April, 1976, 
and lay well north of the celestial equator. Quality photography (1!.10" disk diameter) 
was possible from mid-Sept., 1975 to mid-Feb,, 1976. Opposition was reached on 15 Dec., 
1975 with an apparent diameter of 16~5, only 72 heliocentric degrees before aphelion 
on 21 May, 1976. Several influential observational characteristics occurred around the 
period of opposition due to the relative orbital geometry existing between Earth and 
Mars. The subearth (axial tilt) and subsolar points were then coincident on the 05° 
s. areocentric latitude. Refer to the 1975-76 Graphic Ephemeris by C. Capen in ref. 1, 
Fig, 60. The equatorial region and both polar regions were equally favored for obser
vation during most of this aphelic apparition. The maximum disk diameter was just 5" 
less than that reached in 1973. Mars was favorably placed high in the sky for N. 
hemisphere observers, which improved the average "astronomical seeing." Mars was 
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indeed so much overhead during part of the night that a star diagonal was required 
for observing comfort by those using refractor or Cassegrain instruments. 

1975-76 Observing Program 

The Association of Lunar and Planetary Observers Mars Observing Program had a 
successful start because of the A.L.P.O. astronomers' most welcome interest in the Red 
Planet during the pre-opposition early morning hours and the steady communication of 
observational data and photographs throughout the apparition. The A.L,P.O. Mars Sec
tion coordinated a successful international synoptic observational program with obser
vers well spaced in longitude around the world and located in 8 different countries. 
Because of the generally poor observing conditions encountered by most observers during 
the terrestrial northern winter season the quantity of the data was less than that re
ceived in the former three Martian apparitions. However, 54 Mars astronomers braved 
the weather and contributed 124 photographs (99% useful) and 888 visual disk drawings 
(95% useful), making a total of 1,012 multicolor observations. Hundreds of useful 
intensity estimates were also received. Nine astronomers each contributed over 40 
observations. Dr. Donald C. Parker of Miami contributed the commendable number of 212 
photos and disk drawings during the 1975-76 apparition. Color filter observations 
covered the violet, blue, green, yellow, orange, and red regimes of the visible spec
trum. The average telescopic aperture used by advanced observers was 12.5 inches or 
31 ems. The mean aperture has been increasing since the mean of 8 inches employed in 
1969 due to professional astronomers' contributing to the A.L.P.O. International Mars 
Observing Program, to experienced amateurs' obtaining the use of professional obser
vatory equipment, and to several of the younger observers' acquiring larger telescopes. 
The use of larger instruments, color filters, and advanced observational techniques 
greatly improved the quality of Martian data received in 1975-76. Table I lists the 
participants, locations, numbers of drawings and photographs contributed, and sizes of 
telescopes. Contributing observers represented the following organizations or obser
vatories: Oriental Astronomical Association (OAA), Japan; British Astronomical Asso
ciation (BAA); Albireo Astronomical Society, Hungary; Richmond Astronomical Society; 
Harvard College Observatory; Sociitfi Astronomique de France (SAF); Braeside Observa
tory; Edgewood Observatory; Pic de Midi Observatoire; Observatoire de Nice; Tom
baugh Observatory, New Mexico State University; McCormick Observatory; Lowell Obser
vatory; and Stamford Observatory. 

Mars was first observed during the cold, early mornings of March 16 and 18, 1975 
(196°Ls) by W. H. Haas, A.L.P.O. Director, and M. Adachi of Japan. Mars was last 
scrutinized by D. C. Parker of Miami on the evening of July 19, 1976 (96°Ls). This 
period is analogous to Martian northern hemisphere autumn, winter, spring, and begin
ning summer. The apparition was extended into the summer of 1976 in order to cover 
the Viking I Orbiter site certification period. The extensive orbital coverage in 
planetocentric longitude (Ls) achieved by A.L.P.O. astronomers is shown as a dark heavy 
line on the season protractor in Figure 14, which covered fully 72% of the Martian year. 

Polar Regions 

Both polar regions of Mars were positioned well for telescopic observation during 
most of the 1975-76 apparition. Early observations made by W. Haas and M. Adachi in 
March, 1975 (196°Ls) showed a large, dull NPH (North Polar Hood) with an intensity of 
4.5, where I is: O=brilliant cap; lO=night sky. Its edge extended to about 50° to 
45°N, latitude. The early southern spring SPC (South Polar Cap) was large and bright 
with I=l .5. By May 24 (239°Ls) the NPH had brightened to I=l .5; and it continued to 
brighten to I=0,5 in June, according toT. Osawa of Nara, Japan. The shrinking spring 
SPC also brightened to I=0.5, On June 8 antarctic hazes were seen by T. Osawa. A good 
series of observations of the rapidly dissipating SPC was obtained through June and July, 
1975 (247°-280°Ls) around southern summer solstice by C. Neve, R. Hull, C. Sherrod, T. 
Osawa, J. Barnett, H. Mullen, and W. Haas, During this same period the NPH became quite 
dull in red and yellow light, while it was seen best in blue light, During August the 
Martian southern summer dust storm covered the SPR (South Polar Region). The small 
remnant of the SPC was noted clear and bright during the first part of October (318°Ls) 
by C. Capen. Early November observations showed the first temporary appearance of the 
SPH (South Polar Hood) over the South cap during the late MartianS, summer season. By 
late December (5°Ls) a large winter type SPH had appeared over the antarctic. This 
dull, gray hood remained throughout the rest of the apparition. 

In December, 1975 and January, 1976 the NPH became erratic and showed some thin
ning and brightening, which are symptoms of its pending dissipation. By February 29 
(34°Ls) the NPC (North Polar Cap) appeared bright and clear of the winter haze hood, 
The thawing and retreat of the NPC is well recorded in the A.L.P,O. observational data 

(text continued on page 65) 
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(text conti11ued from page 64) 

Figure 14. A heliocentric 
chart of the orbits of Earth 
and Mars, with the orbit of 
Mars indexed in 360 areocentric 
degrees (Ls) and divided into 
seasonal quadrants, The value 
of Ls is 0° at the vernal equi
nox of the north hemisphere of 
Mars, 90° at its summer sol
stice, etc, The heavy line 
shows the portion of the Mar
tian year covered by A.L.P.O. 
observations during the 1975-
76 apparition of Mars. These 
extended from Ls:l96° in early 
northern autumn to Ls:96° in 
early northern summer--a total 
of 260° in Ls, or 72% of the 
Martian year. Figure con
structed by C, F. Capen. 

from April to mid-July, 1976. The maximum rate of regression of the NPC occurred from 
mid-May to mid-June, 1976 (65°-84°Ls). This behavior of the NPR is consistent with 
that observed in the Martian apparitions of the 1960's (Refs. 2, 3). 

Limb Hazes and White Clouds 

The meteorological activity of Martian winter and spring was well recorded during 
the 1975-76 apparition of Mars. The classical white clouds were seen best in violet 
(Wratten-47) or blue (W-38 and BOA) filters, Bright limb hazes were also seen through 
these same filters and often in green (W-57 and 56) and yellow (W-8, 12, and 15) fil
ters. Color filters define relative heights of the atmospheric features. Violet and 
blue filters show best high-altitude clouds. Broad-blue (W-80A), green (W-40), and 
yellow-green (W-56) show low-lying hazes and surface ice-fogs. 

Limb brightening is caused from nonrotating hazes which are confined to the 
chilly edge of night; therefore, they are found along the limb and terminator of the 
planet. The hazes in the polar regions are probably composed of C02, and those in the 
equatorial region probably consist of a mixture of H20 and COz crystals. Just how sea
sonally dependent the limb hazes are is still in question. High altitude hazes are 
seen best in violet or blue light. When they are seen in other colors, they are sus
pected to be ground ice-fogs of water crystals, 

The northern hemisphere in autumn showed little limb brightening during the first 
quarter of the 1975-76 apparition (196°-300°Ls). A few reports of morning limb haze in 
the southern region over Hellas-Noachis were received during Martian spring and early 
summer from T. Osawa, R. Hull, M. Adachi, W. Haas, J. Dragesco, C. Neve, T. Arakawa, 
M, Alexescu, and C. Capen. Since most of these brightenings were better seen in yellow 
than in blue light, they may have been the result of stirred up dust from the Hellas 
Basin. Morning limb haze began to increase in October, 1g75 in the late Martian north
ern winter, and it was a persistent phenomenon throughout November and December (320°-
000Ls). Blue and violet light photos by T. Arakawa, R. Lines, and C. Capen confirmed 
the increase in morning limb haze. In Martian spring, the morning haze was noted to 
extend quite a distance in from the limb along the Tharsis-Tempe-Arcadia 50°-l40°W 
longitudes. Evening terminator hazes were marked to increase in early northern spring, 
according toM. Adachi, A. Heath, T, Peterson, M. B. Smith, D, Parker, and most observ
ers who used a blue filter. Also at this time, morning limb brightening appeared thinly 
in the southern hemisphere in its autumn, such that the morning limb was seen as a bright 
strip from pole to pole during most of this seasonal quarter, In late Martian northern 
spring and early summer the evening limb exhibited extensive haze, and it was brighter 
than the morning terminator. The 1975-76 limb haze statistics will be combined with 
the haze data from past apparitions for comparison with similar and adjacent seasons. 
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Table I. Contributing Observers to A.L.P.O. Mars Section, 1975-1976 

Name 

Makoto Adachi 

Matei Alexescu, Dr. 
David Allen 
Tsuyoshi Arakawa 
John H. Barnett 

Gary Becker 
Lionel Brown 
F. D. Bruner 
Laird Calia 
Charles Capen 

Regulus Capen 
Lawrence Carlino 
Carlson Chambliss, Dr. 
D. Costanzo 
W. John Curtis 

Laszlo Deicsics 
P. B. Doherty 
Jean Dragesco, Prof. 

Bruce M. Frank 
Robert Fried, Director 

R. Gil i 
Rodger W. Gordon 
Walter H. Haas 
Alan Heath 
G. W. Hoffler 

Richard L. Hull 

R. Lines 
Alan W. MacFarland 
Wm. t1cHugh 
S. Miyamoto, Prof. 

Michael J. Morrow 
Hugh Mull en 
Jerry Chris Neve 
Greg Obidzinski 
Stephen O'Meara 

Toshihiko Osawa 
Mike Otis 
E. Ken Owen 
Donald C. Parker, Dr. 
Craig R. Patterson 

T. C. Peterson, Dr. 

Jean Prideaux, Dr. 
Victor M. Regan 
Robert B. Rhoads 
D. Robers on 

J. K. Rouse 

Location 

Kyoto, Japan 

Bucuresti, Romania 
Richmond, Va. 
Nara, Japan 
Richmond, Va, 

Penna. 
Las Cruces, N.M. 
Hope, Ind. 
Lancaster, Pa. 
Lowell Obs., Ariz. 

Flagstaff, Ariz, 
Buffalo, N.Y. 
Kutztown, Pa, 
USA 
Richmond, Va, 

Budapest, Hungary 
Stoke-on-Trent, Great Britain 
Pic du Midi Obs,, France 
Meudon Obs,, France 
Fairport, N.Y. 
Braeside Obs., Ga. 

Obs, de Nice, France 
Nazareth, Pa. 
Las Cruces, N.M. 
Nottingham, England 
Seabrook, Texas 

Richmond, Va. 

Mayer, Ariz. 
Seattle, Wash. 
Easton, Pa. 
Kyoto, Japan 

Ewa Beach, Hawaii 
Armonk, N.Y. 
Richmond, Va. 
Dearborn Hts., Mich, 
Cambridge, Mass. 

Nara, Japan 
Aberdeen, S.D. 
Oklahoma City, Okla. 
Miami, Fla. 
Lancaster, Pa. 

Gadsden, Ala. 

Richmond, Va. 
Massapequa Park, N,Y. 
Scottsdale, Ariz. 
Richmond, Va. 

Naples, Fla. 
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No, Observations 
Visual Photos Telescope(s) 

54 

10 
1 

42 
21 

2 
9 

44 
9 

25 

2 
6 
2 
4 

15 

3 
6 

21 

2 
2 

22 
3 
7 

41 
2 

35 

l 
2 

10 

ll 
3 

17 
2 

14 

76 
2 

206 
9 

40 

9 
2 
1 

16 

28 

4 

14 

ll 

8 
2 

2 

18 
6 

2 

811 (20cm) refl. 
611 ( l5cm) refr. 
611 (15cm) refr. 
611 (15cm) refl. 
811 (20cm) Newt. 
811 (20cm) refl. 
711 ( 17cm) refr. 

3 . 511 ( 8. 7 em) Cat. 
l2!:; 11 (3lcm) Cass. 
811 (20cm) Schmidt 
611 (15cm) refl. 
24 11 (60cm) refr. 
12 11 (3D em) refr. 

l2 11 (30cm) refr. 
l0 11 (25cm) Newt. 
18 11 ( 45cm) refl . 
611 ( 15cm) refl. 
6 11 ( 1 5cm) r e fl . 
711 (l7cm) refr. 

811 (20cm) refl. 
l0 11 (25.4cm) refl. 
42 11 (106cm) Cass. 
24 11 (6lcm) Cass. 
611 (15cm) refl. 
16 11 (40cm) Cass. 

3D 11 {74cm) refr. 
3.5 11 (8.7cm) Cat. 
12!:; 11 (3lcm) Newt. 
l2 11 (30cm) refl. 
l2 11 (30cm) Newt. 

711 (l7cm) refr. 
26 11 (66cm) refr. 
1 611 ( 41 em) Newt. 
811 (20cm) Schmidt 
811 (20cm) refl. 
26 11 (66cm) refr. 

16 11 (4lcm) Newt. 
l 0 11 ( 25cm) Newt. 
711 (17cm) refr. 
2.4 11 (6cm) refr. 
911 (23cm) refr. 

811 (20cm) Newt. 
811 (20cm) Newt. 
l 011 ( 25cm) Newt. 
811 (20cm) Newt. 
611 ( l5cm) refl . 

3.5 11 (8.7cm) Cat. 
8"(20cm) Cat. 
l4 11 (36cm) Cat. 
l2!:i 11 (3lcm) refl. 

14!:! 11 (36cm) Newt. 
711 (17cm) refr. 

811 (2Dcm) refl. 



Table I. Contributing Observers to A.L.P.O. Mars Section, 1975-1976 (cont.) 

No. Observations 
Name Location Visual Photos Telesco~e(s) 

J. W. Ryder Brisbane, Australia ll 10"(25cm) Newt. 
Clay Sherrod N. Little Rock, Ark. 6 5"(12cm) refr. 
John Sledge Montevallo, Ala. 20 6"(15cm) Newt. 
Michael B. Smith Alamogordo, N,M. 27 4~"(10cm) refl. 

Randy Tatum Richmond, Va. 24 7"(17cm) refr. 
Richard J. Wessling Milford, Ohio 8 12~" ( 31 em) Newt. 
John Westfall San Francisco, Calif, 1 1 10"(25cm) Cass. 
Robert A. Yajko W. Leechburg, Pa. 3 4"(10cm) refr. 

Although white clouds look the same spectrally as limb hazes, they differ in that 
they are individual or local, rotate with the planet, and show diurnal behavior. Those 
residing in the tropical belts have been found to be water clouds by the Mariner space
craft. Some white clouds are suspected to reach great heights. They are definitely 
seasonal in occurrence. There are two types of seasonal white clouds which recur over 
the same areas of Mars from year to year: the "orographic" clouds (mountain-formed), 
which recur diurnally at the same location, and the "localized" clouds, which persist 
for days, shifting in position around specific areas, 

Orographic Clouds: These discrete white clouds begin condensing as local noon ap
proaches mountains and volcanoes, due to up-lifting of water-vapor-laden air. By early 
afternoon they are salient, individual clouds seen best in blue light. They continue to 
expand and to brighten and to coalesce with each other toward sunset, when they can be 
seen best on the limb in violet and ultraviolet light, which indicates that they must 
also expand upwards by convection. As a rule, they do not last throughout the chill of 
night and thus do not reappear on the morning terminator. The formation of these clouds 
is linked to the elevation topography shown on the USGS Mars Atlas charts and to special 
meteorological conditions of the Martian atmosphere in late sprin~ and summer. Orograph
ic clouds are responsible for the famed "W-clouds" seen over Tharsis-Amazonis as first 
reported by E. C. Slipher in 1954. The Mars Recorder has found these clouds to be re
stricted to the Martian tropical zone between -10° and +40° latitude. 

Localized Clouds: These dense, whitish clouds of limited extent recur seasonally 
and regionally and persist for days. They show growth and displacement within a region. 
Appearing white at first, these clouds are best seen through blue and blue-green filters. 
Their color can change; they can become prominent in green and are sometimes visible in 
yellow light. This circumstance has led the authors to suspect that they may be combina
tions of white (water) and yellow (dust) clouds. ~1uch observational information is needed 
to discover how many such clouds of this type exist and where they are located on the Mar
tian surface during the next four aphelic apparitions. The topographic charts of the Mars 
Atlas may indicate that they form on up-slopes or where the terrain tops out. 

One remarkable example of a localized cloud was retraced by C. Capen as far back 
as 100 years. Known today as the "Syrtis Cloud," it recurs every Martian year at about 
northern summer solstice and lasts through the first part of summer (80°-l40°Ls), cir
culating around the Libya Basin and the Syrtis Major. Color photos and cross-checking 
with tricolor filters show the cloud to be dense, bright, and blue-white. The dark Syr
tis Major changes to a light blue in the cloud's presence. The astute observer, P. A. 
Secchi, Rome College Observatory, may have seen this cloud on June 13-16, 1858. He re
ported a large blue triangle which he and Padre Cappelletti named the "Blue Scorpion," 
after its shape and color. Padre Secchi 's observations were made at the correct Martian 
season when the Syrtis Cloud should have been present. The cloud was affirmatively seen 
by J. N. Lockyer on October 3, 1862. It was well observed during the 19ll apparition by 
members of the BAA in England and was repeatedly seen in 1920 with the 24-inch Clark re
fractor*by G. H. Hamilton, E. C. Slipher, and V. M. Slipher, when it was so dense that 
it divided Syrtis into three sections. Later C. W, Tombaugh, C. H. Nicholson, and C. 
Capen saw the cloud in early Martian summer (10l 0 -l04°Ls) in the 1950 apparition. At 
this time, Syrtis probably appeared in a bright bluish-white tint because Nicholson and 
Capen recorded Syrtis on the morning limb as a brilliant pea-green color through a light 
yellow filter. Since the additive colors of blue plus yellow make green, Syrtis appeared 
to be bright blue in color. The Syrtis Cloud was first recognized as a seasonal pheno
menon from color patrol photography by C. Capen during the aphelic apparitions of the 
1960's. This colorful discovery prompted Capen to make an immediate investigation of all 
historical observations for the occurrence of the Syrtis Cloud, as related to you here 
(Ref. 5). 

*The one at the Lowell Observatory, 
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A small, autumn orographic cloud was seen very early in the 1975-76 apparition on 
the terminator and located on the Tharsis Ridge by W, H. Haas and C. Sherrod. Litt1e 
cloud activity was noted in the northern autumn-winter season. Although the planetary 
disk was still small, numerous white clouds were reported during autumn in the southern 
hemisphere located over Hellas, Ausonia, Noachis, Moab, Argyre, and Phaethontis by H. 
Mullen, M. Adachi, R, Gili, T. Osawa, J. Dragesco, and D. Parker. By Martian southern 
summer these affected areas in the south were regularly seen cloud-enshrouded, until the 
yellow dust clouds confused the issue, and upset the heat balance of the southern hemi
sphere. 

After opposition on Dec. 19, 1975, a few localized white clouds began appearing 
on the up-slopes of the equatorial volcanoes and canyon walls, according to L. Carlino, 
T. Osawa, J. Ryder, D. Parker, and C. Capen. By late ~1artian N. spring all observers 
reported an increase in white cloud activity. Although the apparent disk was once again 
small when Mars was observed during N. summer, it was obvious toR. Gili, W. Haas, F. 
Bruner, and D. Parker that white cloud activity was at maximum. 

Yellow Dust Clouds 

In the past yellow clouds were thought to be exciting but rare events until a 
thorough investigation of all available historic visual observations and modern photo
graphs was made in 1970 by C. Capen. This study proved beyond all doubt that yellow 
dust storms are an annual S, summer event, which is predictable according to place and 
time. 

The dusty season of Mars was not favorably observed in 1975 because of the great 
distance between the two planets. Nevertheless, T, Osawa and C. Sherrod called atten
tion to two large, bright, yellow obscurations on June 28-29 (261°Ls), just 11° past 
perihelion and 16 days from S, summer solstice. These clouds were located in Ausonia
Hellas and across Candor-Tithonius-Tharsis, Memnonia, and Zephyria. Using a 7" refrac
tor under excellent seeing, members of the Richmond Astronomical Society reported no 
dark features visible on the disk of Mars by mid-August (Ref. 4). This annual dust 
storm was confirmed by many astronomers: R, Hull, H, Mullen, R. Tatum, D. Roberson, 
M. Adachi, C. Neve, W. Haas, J. Barnett, T. Arakawa, and C. Capen, until its decaying 
phase in late September, 1975 (3l7°-3l9°Ls) left discrete bright, yellow patches. 

Late in the apparition, R, Gili, using the 30" refractor, Observatoire de Nice, 
reported a small dust storm in the north over the Aetheria-Utopia-Syrtis-Arabia region 
from May 4-24, 1976 (63°-7l 0 Ls). Little is known about the locations and movements of 
these short-term northern dust clouds. Since these yellow clouds are of great interest 
to space mission scientists, A.L.P,O. observers should be alert for them during the next 
three or four aphelic apparitions (Ref. 5). Perhaps they too may be predictable as to 
place and time, 

Surface Albedo Features 

The 1975-76 aphelic apparition was a seasonal transition period which allowed 
observation of the appearance of the southern albedo features in summer and the dust 
storm epoch before opposition and the northern features in spring time after opposition. 
The light and dark albedo features underwent drastic changes during the past 1973 appa
rition. Only a few of these changes can possibly be attributed to the Great Yellow Dust 
Storm of 1971. Interestingly, A.L.P,O, observations show that most of the gross changes 
occurred later, and during the 1973 apparition, Slight modifications of the affected 
features were noted throughout this 1975-76 apparition, chiefly during the N. autumn/ 
S. spring season. These surface changes, albeit small, unrelated to known dust c1oud 
activity are indeed puzzling. 

In Feb., 1974, Dr. S. Miyamoto reported a strange appearance and change in posi
tion of Sabaeus S, (long, 335°; lat. 10°5). He began studying Mars again in April, 1975 
with the Hida Observatory 26" refractor and secured over 400 drawings and many photos 
during the 1975-76 apparition. He reported that the 1973 Daedalia-Claritas darkening 
had survived the several dust storms of 1973. This persistent dark feature was noted 
later in the apparition on photos by D. Parker and R, Wessling, and it was well seen by 
all A.L.P.O. observers, 

Early observations by T. Osawa, S, Miyamoto, J. Barnett, C, Capen, and R, Hull 
showed several interesting changes and boundary modifications to the albedo features. 
The arrows shown on Miyamoto's Mars map of Figure 15 indicate from left to right the fol
lowing changes: (a) Cerberus-Trivium was weak or missing on the edge of the Elysium vol
canic shield (210°; l5°N); (b) Nepenthes-Thoth-Nubis L. was vague (260°; 20°N); (c) 
Sabaeus S, had a strange slanting position, and Meridiani S. showed little contrast; 
(d) Pandorae Fr. was abnormally dark and somewhat enlarged; and (e) a strong appearance 
of the Daedalia-Claritas feature is evident at the last arrow. 

(text continued on page 70) 
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Figurel5, Comparison of 1960 
Martian albedo features (top 
map) with those from early 
1975 observations (lower map) 
made by Dr. s. Miyamoto. Sig
nificant changes 1n the fea
tures are indicated by arrows. 
See text for descriptive dis-

1975 
obser"'ations 

MARS 1975 

Figurel6. SAF MARS 1975 Chart drawn by Prof. J. Dragesco 
from observations centered on the December opposition by 
members of the Societe Astronomique de France. Arrows in
dicate secular (1,2) and seasonal (3,4,5,6,& 7) changes, 
See text for detailed description. 

180° 220° 260° 300° }40° 20° 60° 100° 140° 180° 

·.~ 
\; ... 

.. ~ 
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Figurel7, RAS Composite Map of Mars 1975-76 drawn by Randy Tatum 
from 9 photographs and 97 disk drawings made by 7 members of the 
Richmond Astronomical Society that co"'ered all longitudes of the 
Red Planet. Note the interesting structure of Syrtis Major, which 
was confirmed by most astronomers, and the weak west end of Sa
baeus S. that was co"'ered by atmospheric dusts or ice-fogs. 
Brightened areas are outlined by the customary dots, (Ref. 4). 
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Figure 18, Identification (year, month, date, color filter, and Universal Time) and 
remarks for photographs and visual drawings of Mars made by A.L.P.O. astronomers in 
1975 shown on opposite page. I =integrated or white light. PV • photovisual i~age. 
South is up. 
1. 75 03 16 I 1230UT. CM 147"; Ls 196"; Dia. 4~8; 32cm Newtonian at 303X by W. H. 

Haas. Note SPC, NPH, and small evening terminator cloud, 
2. 75 04 25 I 1945UT. CM 216"; Ls 220"; Dia. 5~4; 20cm Newt. at 350X by M. Adachi, 

Japan, Large SPC and NPH. Well-defined albedo features in the Sirenum-Cimmerium 
region. 

3. 75 05 07 I l900UT. CM 86"; Ls 227"; 20cm Newt. at 350X by M, Adachi, Iapygia 
and Meridiani S, dark. SPR hazy, 

4, 75 05 24 I 1915UT. CM 281"; Ls 238"; Dia. 6"; 32cm Newt. at 470X by T. Osawa, 
Japan. SPC rift. Large NPH. Syrtis Major is narrow and prominent. Note albedo 
intensity estimate figures. 

5, 75 06 08 I 1905UT. CM 130"; Ls 248"; 32cm Newt, at 335X, T. Osawa. SPC bright 
beneath a weak antarctic haze. NPH dense. Daedalia-Claritas darkening (5 intensity) 
still present. 

6. 75 06 30 I 1920UT. CM 276"; 20cm Newt, at 350X, M. Adachi, SPC shrinking with a 
dark polar collar. Equatorial features are intense. 

7. 75 07 06 I 0945UT, CM 78"; 18cm refr. by R. Hull. SPC bright, Note the large 
gibbous phase of photo. 

8. 75 07 15 I 1715UT. CM 99"; 20cm Newt. at 350X, M. Adachi. Solis L. region with 
Daedalia-Claritas darkening confirmed, 

9. 75 07 19 R 0850UT. CM 298"; Ls 273"; 25cm Newt. at SOOX, H. Mullen. SPC irregu
lar and smaller. Hellas bright. Syrtis narrow and dark. 

10. 75 08 24 R, G, B, V, M 1250UT. CM 06"; Ls 295"; 6lcm refr. at 610X, C. Capen. 
Large NPH bright. Albedo features weak. Bright yellow cloud in Valles Marineris 
region. 

11. 75 08 30 I 2010UT. CM 56"; 20cm Newt. at 560X by M. Adachi, Japan. Yellow dust 
storm in Solis L.-Valles Marineris region. 

12. 75 09 09 0 0230UT. CM 62"; 26cm Newt. at 330X by J. Dragesco, France, Dust storm 
clearing. Equatorial features still weak. 

13. 75 09 21 I 0250UT. CM 312"; 15cm refl. by M. Alexescu, Romania. SPC remnant. 
Equatorial features are stronger. 

14, 75 09 24 0 01 OOUT. CM 257"; Di a. 1 0"; 26cm Newt. at 330X, J. Dragesco. Extensive 
NPH and north limb haze. Libya basin bright (dust pall?) 

15. 75 09 28 I 0250UT. CM 248"; 15cm refl. by M. Alexescu. SPR dusty? Syrtis Major 
weak. Trivium-Cerberus I and II intense. 

16. 75 09 29 R 0630UT. Ct~ 290"; 18cm refractor by R. Hull. Hi-Contrast Copy film 
photo, SPR bright. Syrtis Major region weak. 

17. 75 10 04 R, Y, G, B, V, M 0800UT. CM 290"; Ls 320"; 3lcm refr. at 410X by C. 
Capen. Several bright patches. SPR hazy. Morning limb haze. East border of Syr
tis streaked. 

18. 7510 05 R 0700UT. CM 240"; 18cm refr. by R. Hull. Hi-Contrast Copy film photo. 
Equatorial albedo features more intense. 

19. 75 10 28 R 0600UT. CM 11"; Ls 333"; 23cm refr. by S, O'Meara. Note rift in NPC 
and dark collar. Hellas bright. Good contrast between Sabaeus and Deucalionis. 

20. 75 11 05 R, Y, G, V 0515UT, CM 286"; Ls 337"; 25cm Cassegrain by L. Brown. 
Cloud in Hellas. Syrtis narrow and dark. 

21. 75 ll 07 R, G, B, V, M 1235UT. CM 15"; 6lcm refr. at 800X, C, Capen, SPR hazy. 
M. Acidalium prominent. Ice-fog on Tempe. 

* * * * * * * * * * * * '* * * 
Many Mars reports were received for the months October, 1975 through January, 1976 

from D. Parker, J. Barnett, T. Osawa, L. Brown, R, Hull, J. Dragesco, R. Tatum, W. Haas, 
F. Bruner, M, Otis, W. Curtis, M. Adachi, B. Frank, T, Arakawa, A. Heath, J. Ryder, M. B. 
Smith, R. Gili, T. Peterson, L, Carlino, M. Alexescu, R. Yajko, and others, Their obser
vations showed that Syrtis M,, Solis L., Meridiani S., Protonilus-Ismenius, M. Serpentis, 
Iapygia, and Daedalia-Claritas were quite dark and pronounced during the opposition per
iod. The Pandorae Fr. was broad, medium dark, and appeared to extend farther south on 
photos and on most disk drawings, The Deucalionis R. was light and enlarged, giving good 
contrast to the adjacent dark features. This aspect made Sabaeus S. appear to shift to 
a more northerly location. Measurements of photos received from W. J. Curtis, R. Wess
ling, R, Fried, C. Capen, J. Neve, R, Hull, and J. Prideaux confirmed a definite shifting 
of :he east end of Sabaeus S. and a withdrawal of the Deltoton border, as brought to our 
attention earlier in the apparition by S. Miyamoto. Many A,L,P.O. visual observers like
wise showed these changes on their disk drawings. Photos by R. Wessling and R. Fried and 
many disk drawings showed the Syrtis Major to be still elongated with a light, streaky 

(text continued on page 74) 
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Figure 18. SELECTED A.L.P.O, DRAWINGS AND PHOTOGRAPHS OF MARS, 1975-76 APPARITION. 
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Figure 19. Identification (year, month, date, color filter, and Universal Time) and 
remarks for photographs and visual drawings of Mars made by A.L.P.O, astronomers in 
1975 and shown on opposite page, I ~integrated or white light, using no filter. PV 
photovisual image. 
22. 75 11 11 I 1350UT. CM 357°; Ls 341°; 32cm Newtonian by T. Osawa. Meridian!, 

Sabaeus, and Niliacus L, intense. Gehon, Oxus, and Indus noted, Dense morning 
haze over Acidalium, 

23. 75 11 24 Y 1540UT. CM 267°; Ls 347°; 20cm refl. Photo by T. Arakawa, Japan. 
Syrtis narrow, M. Tyrrhenum dark. Hellas and Nymphaeum bright. 

24. 75 11 24 V 1550UT. CM 270°; 20cm refl. T. Arakawa. Violet-light comparison 
photo with above (23) yellow-light photo. Large North Polar Hood, Morning limb 
haze. He11as light. Weak blue-clearing (1, 0/3). 

25. 75 11 28 I 0330UT. CM 54°; 3lcm refl. Eyepiece proj, Ilford Pan-F by R, Hull. 
Aurorae S., Niliacus, and Nilokeras dark features. Jamuna and Ganges canals re
corded. Claritas light. Compare with next drawing (26). 

26. 75 11 28 I 0530UT. CM 82°; 17.5cm refr. at 216X by R. Tatum. Ganges and Nilo
keras intense. Aurorae S. and Niliacus dark. Bright clouds over Claritas and 
Olympus ~1ons. 

27. 75 11 28 I 0500UT. CM 76°; 3lcm refl. by R. Hull. Comparison photo with above 
disk drawing (26). Note canal-like features and Daedalia darkening. 

28. 75 12 02 Y 0635UT. CM 64°; 25cm Cassegrain, 400X with apodizing screen by J. 
Westfall. Confirmation observation of strong canal-like features present during 
November in the Tempe-Tharsis-Amazonis region. 

29. 75 12 02 Y 1503UT. CM 187°; 20cm refl. T. Arakawa. Trivium Charontis-Cerberus 
recorded. Rasena still light. 

30. 75 12 02 V 1513UT. CM 189°; 20cm refl. 
photo. Morning limb haze. NPH extensive 

31. 75 12 03 Y 1455UT. CM 176°; 20cm refl. 
Trivium Charontis-Cerberus well noted. 

T. Arakawa, Comparison violet-light 
and bright. 
T. Arakawa. M. Cimmerium-Rasena region. 

32. 75 12 03 I 1515UT. CM l8JO; 20cm refl. 320X. T. Arakawa, The visual acquisi
tion of albedo feature detail can be compared to that obtained with photography, 
as indicated by the above photo (31). 

33. 75 12 03 V 1711 UT. CM 210°; Ls 351 °·, 20cm refl. T. Arakawa. A very bright 
North Polar Region seen in violet-light. Weak South Polar Region hazes. 

34. 75 12 04 M, B, I ll55UT. CM 124°; 6lcm refr. Photo-visual image by C. Capen. 
Daedalia dark, Bright ice-fogs on Claritas and Zephyria. 

35. 75 12 05 I 0300UT. CM 345°; 3lcm refl. f/100 eyepiece proj. image by R. Hull. 
NPH is probably thinning because a large, bright North Polar Cap is shining 
through it. Meridian! S. is detached from west end of Sabaeus, probably by a 
small, transient dust storm. Oxia P., Oxus I, and Indus canals recorded. 

36. 75 12 05 I 0330UT. CM 352°; 3lcm refl. by J. Prideaux. Note absence of grain 
on this Hi-Contrast Copy film. West end of Sabaeus weak. Protonilus and Deu
teronilus intense. Margaritifer S. weak. Oxia P. broad (arrow). 

37. 75 12 08 R 0243UT. crq 316°; 3lcm Newt. at f/92 by R. Wessling. 
developer. Syrtis Major narrow on east edge. Sabaeus S. cut off 
S. Hellas light. M. Serpentis and M. Tyrrhenum dark. Protonilus 
nilus noted in north. 

HCC film; D-19 
from Meridian! 
and Deutero-

38. 75 12 08 0 0510UT. CM. 350°; 25cm Newt. 6mm eyepiece proj. image. HCC film. 
Exposure 4 sees. at f/112 by E. K. Owen. Sabaeus S. still weak, with Meridian! 
detached. M. Serpentis intense. 

39. 75 12 10 0 0630UT. CM 352°; 25cm Newtonian at f/185; S0-410 film. E. K. Owen. 
Meridian! S. and Niliacus L. dark. Bright morning haze over SW Acidalium. 

40. 75 12 13 PV 0330UT. CM 282°; 17.5cm refr. Photo-visual drawing of small photo 
(A) by J. C. Neve. Syrtis ~1ajor narrow with its east edge weak. M. Tyrrhenum 
dark. Cerberus weak. 

41. 75 12 16 0 0605UT. CM 295°; 25cm Newt. at f/185; S0-410 film. E. K. Owen. 
Note the odd shape of Syrtis Major. Hellas light. 

42. 75 12 17 I 0328UT. CM 247°; 3lcm Newt. at f/92. R. Wessling. Elysium volcanic 
shield bright. Cerberus, Styx, Chaos, and Hyblaeus recorded. 

43. 75 12 17 Y 1544UT. CM 66°; 20cm refl. T. Arakawa. Aurorae S., Bosporos, and 
Solis L. very dark. Ganges and Nilokeras canals noted. 

44. 75 12 17 V 1557UT. CM 68°; 20cm refl. T. Arakawa. Bright NPH. A general 
blue-clearing (2) can be seen. 

45. 75 12 20 I, G, B, M 0410UT. CM 310°; Ls 00°; 6lcm refr. at 810X. C. Capen. 
Visual confirmation of odd shape of Syrtis ~1ajor. Note the brightened areas. 

72 



Figure 19. SELECTED A.L.P.O. DRAWINGS AND PHOTOGRAPHS OF MARS, 1975-76 APPARITION 
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Figure 20, Identification (year, month, date, color filter, and Universal Time) and 
remarks for photographs and visual drawings of Mars made by A.L.P.O, astronomers in 
1975 and 1976 and shown on opposite page, I = integrated or white light, using no fil
ter. South is up. 
46, 75 12 22 V 051DUT. CM 227°1 20cm Newtonian at 250X by F. D. Bruner, Note limb 

clouds in violet-light, Weak blue-clearing in north. 
47. 75 12 22 Y 2225UT. CM 120°; 1 06cm refl, Pan F film image by J. Dragesco. Fine 

detail in Solis L. region, Daedalia darkening indicated by arrow. 
48. 75 12 23 Y 2200UT. CM 105°; 106cm refl. Pan F film, J. Dragesco at Pic du Midi 

Observatory. Fine detail in Solis L. region. Note brightness of North Polar Re
gion in yellow light. 

49. 75 12 24 I 1130UT. CM 302°; 32cm Newt, T. Osawa, Japan. Note streaky appearance 
of the east edge of Syrtis Major. Meridiani S. still detached from Sabaeus S. 

50. 75 12 24 V 1525UT. CM 359°; 20cm refl. image by T, Arakawa. Violet-light com
parison photo to above observation (49). 

51 . 75 12 26 Y 1440UT. CM 33P; 20cm refl . T, Arakawa. Yellow-light photo showing 
M. Serpentis and Sabaeus S. stronger. 

52. 75 12 26 V 1445UT. CM 332°; 20cm refl. T. Arakawa. Viol et-1 i ght com pari son 
photo to above (51). Note haze in NPR and the late afternoon white c:oud centered 
over the Libya basin. 

53, 75 12 30 I 1930UT. CM 08°; 15cm refr. by M. Alexescu of Bucuresti, Romania. Fine 
albedo detail. Sabaeus-Meridiani appear normal. Margaritifer still weak. Note 
the bright areas. 

54. 76 01 04 I 0440UT. CM 105°; 20cm Newt. S0-410 film. Eyepiece proj. image by 
D. C. Parker. Integrated light photo of the Solis L. and M. Sirenum region. Nilo
keras canals recorded on original image. 

55. 76 01 13 0 0625UT. CM 50°; 25cm Newt. at f/185; S0-410 film. E. K. Owen. Fair 
detail of theM. Acidalium and Margaritifer region with an apparent disk diameter 
of 13". 

56. 76 01 16 R 0300UT. CM 333°; 40cm Cassegrain, S0-410 film; HC-110 developer. R. 
Fried. Syrtis Major still narrow. Note the increased phase now on the right side 
of the disk. Hellas bright in red-light. 

57. 76 01 19 G 0315UT, CM 310°; llcm refl. 200X, M. B. Smith. Note the limb 
hazes and the dusky appearance of the albedo features in green light. 

58. 76 01 24 V1 B 0320UT. CM 264°; 35cm catadioptric by T. C. Peterson. A strong 
blue-clearing (3) is seen in violet light, Evening limb haze. 

59. 76 01 24 I 0545UT. CM 300°; 25cm Newt. E. K. Owen. A narrow Syrtis Major is 
seen on a shrinking disk. Hellas is bright. 

60. 76 01 30 I 0250UT. CM 202°; 20cm Newt. at f/173 eyepiece proj. by D. C. Parker. 
Trivium-Cerberus noted in poor seeing. Rasena is still light. 

61. 76 02 14 I 2350UT. CM 09°; 25cm Newt. at 305X. L. Carlino. Many fine albedo 
features can still be seen on the visual disk. The Meridiani, Bosporos, Aurorae, 
Niliacus, and Acidalium are intense. Margaritifer is still faint, as noted in above 
photos. 

62. 76 02 20 I 1939UT. cr~ 253°; 74cm refr. at 895X by R. Gili at Observatoire de Nice. 
Moderate dark features east of Syrtis. The Laocoontis-Alcyonius region is shown 
to be typical for this apparition. 

63. 76 02 28 I 1850UT. CM 165°; 15cm refr, M. Alexescu. Small North Polar Cap. 
South Polar Region bright. Much detail in Amazonis region. 

64. 76 03 28 I 1458UT. CM 194°; Ls 47°; 74cm refr. at 895X. R. Gili. Small disk 
diameter of 6:8. Small NPC. Laocoontis-Alcyonius expanded. 

65, 76 05 09 R, Y, B OlOOUT. CM 306°; Ls 65°; 20cm Newt. at 460X. D. C. Parker. 
Evening cloud over Libya basin. A small NPC with a dark collar. South Polar Hood 
present. 

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

east border, as similarly drawn at the same Martian season on the A.L.P.O. Map of Mars 
in 1960-61 by Ernst Both and Clark Chapman, J.A.L.P.O., Vol, 16, Nos. 1-2, pp. 22-23. 
Early December, 1975 reports showed a bright yellow cloud streak obscuring Hellespontus
Noachis just south of the very dark M. Serpentis. A bright cloud was also detected in 
northern Hellas during this same period. All of these changes gave this side of the 
planet, from 260°-00° W. longitude, a strange appearance, indeed. 

Moving around to the 80°-180° longitude region, photos by D. Parker, T. Arakawa, 
J. Dragesco, and R. Wessling and visual drawings from most observers showed that the 
1973 Daedalia-Claritas darkening was slightly modified. As in 1973, a bright patch was 
often seen contiguous to the west side of Solis L. on the 8-9 km. high Claritas Fossae. 
Rasena (190°W; 25°S) was still seasonally a light albedo feature, 
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Figure 20. SELECTED A.L.P.O, DRAWINGS AND PHOTOGRAPHS OF MARS, 1975-76 APPARITION 
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Mars Observations of Opportunity 

Martian Satellite Observations. To view the two small satellites of Mars is an 
experience shared by only a few observers. Phobos, with a visual 12.1 stellar magni
tude, and Deimos, at 13.3 magnitude, are seen best during the perihelic apparitions 
when Mars is closest to the Earth and with telescopic apertures of at least 20 inches 
(51 em). Dale E. Day calculated satellite positions and planned a Martian satellite ob
serving program in advance of the 1975-76 apparition. He obtained permission to share 
observing time with C. Capen on the famous 24-inch Alvan Clark refractor of the Lowell 
Observatory. Mr. Day figured that the most favorable opportunities to see the satellites 
would be on the nights of December 6, 8, 10, and 11, 1975. The enthusiasm of Mr. Day 
for observing the Martian satellites is shown not only by his early program planning 
but also by the fact that he traveled all the way from Oswego, N.Y. to Flagstaff, Ariz. 
by bus through winter weather. The results and observational technique employed will 
be reported later. 

Occultation of Epsilon Geminorum by Mars - April 7/8, 1976. Time and events ob
servations and photographs of the occultation of the red type G8 supergiant star, Epsi
lon Geminorum (3.2 magnitude), by the planet Mars were received from A. W. Heath, Not
tingham, England; P. B. Doherty, Stoke-on-Trent, England; C. R. Patterson and L. Calia, 
Lancaster, PA; V. M. Regan, Massapequa Park, N.Y.; R. Gordon, Nazareth, PA; and D. C. 
Parker, Miami, Fla. For the observers located in Great Britain, Mars was only about 8° 
above the horizon at the time of the event, which took place at about ooh 56-57m on 
April 8, U.T. date. The occultation of a bright star by a planet is always a wonderful 
sight as well as a disciplined exercise for the observer operating a telescope, WWV 
radio, and a tape recorder for later playback. A complete commentary, timing results, 
and illustrations received from each astronomer will be presented later in a separate 
paper. 

Martian Notes 

Valuable Martian data acquired by observers of the Oriental Astronomical Associa
tion of Japan for the years 1941 through 1971 were skillfully copied and were generously 
contributed by Mr. Takeshi Sato of Hiroshima. These data were obtained with quality 
tel escapes by Tsuneo Saheki, Ei taro Date, and I chi ro Tasaka; and they show such events 
as the secular (long-term) enlargements of Gomer Sinus (1937-39) and Nodus Laocoontis 
complex (1946-54), as well as many other lesser surface albedo feature changes. Photo 
copies ofT. Saheki 's Mars charts for several of these years were also gratefully re
ceived. Additional Mars observations for 1971, 1973, and 1975 were recently received 
from D. Costanzo and G. Hoffler. 

The Mars Recorders wish to thank all of you for your devotion to observation, for 
your cooperation to standardize reports, and for your genuine interest in the RED PLANET 
which makes these reports possible. 
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MEASURED PHOTOGRAPHIC LATITUDES ON JUPITER IN 1976-77 --------

By: Richard L. Hull, A.L,P.O. Assistant Jupiter Recorder 

Seeing in the Richmond area prevented high quality photographs of Jupiter during 
the 1976-77 apparition, but both John Barnett and Richard Hull obtained photographs which 
were quite adequate for latitude reduction. Jim Rouse, however, obtained four excellent 
photographs, which resolve detail down to two seconds of arc or better, We all owe him 
a great deal of thanks for his fine work and hope that he continues to contribute to the 
Jupiter Section's efforts in future years. 
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In all, ten photographs out of twelve submitted were of good enough quality 
(resolution four seconds of arc or better) to allow latitude reduction. An SR-52 Texas 
Instruments programmable calculator with a PC 100 printer reduced all the statistical 
drudgery of 1973 (about four hours work) to only 15 minutes so that latitude reduction 
has become a pleasure instead of a chore, The latitudes B" in the table below are zeno
graphic latitudes and are found by the formulae in Appendix I of B. M. Peek's The Planet 
Jupiter. They are representative of the belt, or other feature, over the full 360° of 
Jovian longitude. South latitude is negative; north, positive. 

Feature Mean B" Standard Deviation 

South Polar Region, N edge -53~8 2~7 
South South Temperate Belt, s edge -46.5 3.1 
South South Temperate Belt, N edge -43.4 3.7 
South Temperate Belt, S edge -37,3 2.6 
South Temperate Belt,Nedge -29.1 2,6 

Great Red Spot, S edge -29,5 1.3 
Great Red Spot, center -23.3 
Great Red Spot, N edge -17.6 0.8 
South Equatorial Belt South, s edge -21 .3 1. 5 
South Equatorial Belt South, N edge -16.2 1.8 

South Equa tori a 1 Belt North, s edge -11 .6 1.8 
South Equatorial Belt North, N edge + 0.1 1.1 
North Equatorial Belt, Sedge + 7,4 1 .3 
North Equatorial Belt, N edge +18.9 1.6 
North Temperate Belt, S edge +25.8 2.1 

North Temperate Belt, N edge +33.0 2.6 
North North Temperate Belt, S edge +40.8 3.9 
North North Temperate Belt, N edge +45.2 4.6 
North Polar Region, S edge +60.0 4.2 

Results. The North Equatorial Belt appears to have expanded northward in 1976-77, 
thus narrowing the North Tropical Zone. In the 1975 apparition the North Temperate Belt 
doubled to an overall width of 9 degrees, compared to only 4.6 degrees wide in 1974. In 
1976-77, as activity in the north slowly faded, the North Temperate Belt lost some of its 
double nature; and only patches of doubling remained in April, 1977. The width had then 
diminished to about 6.2 degrees. 

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

Abstract 

A brief report is given of observations contributed by a small number of observers. 
Substantial systematic personal differences are present in the crater umbral contact tim
ings. Photographic evidence shows corresponding portions of the umbra to have been much 
brighter in this eclipse than in the one on May 25, 1975. 

General Description 

The circumstances were as follows: 

Moon enters penumbra 
Moon enters umbra 
Middle of eclipse 
Moon leaves umbra 
Moon leaves penumbra 
Magnitude of eclipse 

2h 511!0, U.T., April 4 
3 30.2 
4 18.2 
5 6.4 
6 31.5 
0.198 

The contributing observers were as follows: 
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Name 

Walter H. Haas 
Alain Porter 
Timothy J. Robertson 
Karl Simmons 

John Sledge 

John E. Westfall 

Location 

Las Cruces, NM 
Narragansett, RI 
Sepulveda, CA 
Jacksonville, FL 

Montevallo, Ala. 

San Francisco, CA 

Instrument(s) 

12. 5- inch refl . 
binoculars, eye 
6-inch refl. 
12.5-inch refl., 7X50 binoculars, 
eye 

6-inch refl., 7X35 binoculars 

10-inch refl., 10X50 binoculars, eye 

Several of the observers had varying amounts of hindrance by haze and clouds; and 
special praise must go to Mr. Sledge, who observed during a tornado watch. Further, as 
will be evident from the times above, the Moon was low in the sky during the early stages 
of the eclipse for observers in the Western States. 

Lunar recorder Westfall had given instructions before the eclipse of April 4, 1977 
about observing programs.l In following them, observers stressed the timing of umbral 
contacts with selected lunar features. The times obtained by the observers were commu
nicated to 2kY and Telescope for reduction. 

The small number of observers naturally limits the scope and value of this report. 
2kY and Telescope has published an account based on a much larger body of data.2 

Systematic Errors in Umbral Contact Times 

Observations of times when lunar features enter and leave the umbral shadow are 
useful to determine how much the Earth's geometric shadow has been enlarged by its atmo
sphere. The amount varies at different lunar eclipses. While relatively few such ob
servations were available for this study, I did easily note substantial personal effects 
in such timings: Westfall and Haas recorded craters to enter the umbra several minutes 
sooner, and to leave it about the same amount later, than did Simmons, thus providing 
larger umbral radii. The following table is taken from data contributed by Dr. Joseph 
Ashbrook,3 where all times are in U.T.: 

Event Haas Others No. Differences Haas - Others 

Plato immersion 3h45f!l6 3h47f!i7 11 -211)1 
Pico immersion 3 49.6 3 54.3 8 -4.7 
Aristoteles immersion 3 50,6 3 53.6 8 -3.0 
Eudoxus immersion 3 53.8 4 1. 5 11 -7.7 
Endymion immersion 3 54.7 3 57.1 3 -2.4 

Piton immersion 4 8.9 4 3.4 +5,5 
Plato emersion 4 42.6 4 39.2 9 +3.4 
Pico emersion 4 35.9 4 33.5 8 +2.4 
Pico S emersion 4 33.7 4 31 .0 2 +2.7 
Aristoteles emersion 4 57.0 4 49.9 7 +7 .1 

Eudoxus emersion 4 48.6 4 43.9 8 +4 .7 
Endymion emersion 5 6.1 5 2.2 4 +3.9 
Atlas emers ion 5 3.2 4 57.6 1 +5.6 

As Dr. Ashbrook has pointed out,3 the numerical magnitude of these systematic 
errors at this eclipse was increased because qll craters entered and left the umbra 
more or less grazingly. Nevertheless, it would be an improvement in this program if 
systematic personal errors can be evaluated and removed. 

The discordant residual for the Piton immersion in the table above is perhaps best 
ignored because Haas felt much uncertainty about this timing; Piton barely entered the 
umbra, which was moving tangentially relative to its position. 

Other Visual Observations 

Appearance of Umbra. Using a 12.5-inch reflector at lOlX and with a very clear 
sky but rather poor seeing, Haas noted: "The edge of the umbra was extremely diffuse 
and poorly defined. In fact, I think that this edge may have been the most indefinite 
of all the lunar eclipses which I have observed, including some with the same telescope 
in recent years. There was no darkish and bluish band at the edge of the umbra, as at 
some other lunar eclipses." With a 6-inch reflector at 48X and 96X in a clear sky and 
good seeing, Robertson at 3h37m, U, T. noted of the umbra: "does not have a sharp edge--
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very diffuse," Simmons with a 12.5-inch reflector at 55X remarked: "The edge of the 
umbra was somewhat diffuse, but distinct enough for crater timings if care was taken." 
In a 10-inch reflector at 131X and poor seeing, Westfall found the edge of the umbra to 
be about one minute of arc wide, 

Simmons was delightfully surprised to see a distinct copper-red color at 4h7m, U.T. 
The coloration covered perhaps 30% of the area in shadow at mid-eclipse and was strongest 
along the lunar limb. Simmons saw this color with a 12.5-inch reflector but not with 
binoculars or the naked eye. Westfall recorded a rose tinge on the umbral limb at 3h 
56m. At 4h2m Haas found color to vary from yellowish gray at the edge of the umbra to 
gray farther inside the shadow and finally to reddish along the north limb of the Moon, 
where a- faint reddish tone was 1 a ter remarked at 4h2om. 

Visibility of I unar Detail Inside lhbra, Several observers agree that the portion 
of the Moon in eclipse was easily visible but very lacking in detail in the telescopic 
view. Simmons commented that lunar surface features were chiefly visible near the edge 
of the umbra, At 4h12m Haas could recognize the outlines of Plato and Sinus Iridum with 
some difficulty. 

Appearance of Penumbra. Hampered by poor transparency, Porter first detected pen
umbral shading at 2h5om, U.T. with binoculars and at 2h57m with the naked eye. Sledge 
suspected the penumbra at 3h1om ''as a light copper brown color across the northern Moon." 
However, Westfall found the penumbra to be colorless with no obvious deviation from sym
metry. After Fourth Contact, Haas found the penumbra still very evident near the north
northeast limb at 5h2om (~is the lunar hemisphere of Mare Crisium). Westfall gave 
close attention to the disappearance of penumbral shading. In a 10-inch reflector at 
131X the shading was faintly visible around Mare Crisium and Endymion at 5h22m, was only 
suspected south of Mare Crisium at 5h37m, and was invisible at 5h55m. With 10X50 binocu
lars penumbral shading was definitely visible over perhaps 25% of the lunar disc at 5h 
4lm, was faintly present near Mare Crisium and the adjacent limb at 5h48m, and was sus
pected between Mare Crisium and the lunar limb at 5h57m and 5h3m The shading was still 
definite to Westfall with the naked eye at 5h35m and caused Mare Crisium to look abnorm
ally dark at 5h48m and 5h57m. 

Timings of Contacts. First contact was recorded at 3h3om28S by Robertson (6-inch 
refl,, 48X and 96X) and at 3h301!1l by Westfall (10-inch refl., 131X, very bad seeing). 
Haas felt quite unable to record this event because of the gradual encroachment of the 
very diffuse shadow (12.5-inch reflector, lOlX). 

Fourth Contact was recorded at 5h7m5os by Robertson, at 5h5~7 by Westfall (poor 
seeing), and at 5h71!16 by Haas, who considered an error of two or three minutes in his 
time possible. 

Photographic Observations 

Dr. Westfall took a series of photographs from 3h25m, just before First Contact, 
to 4h9m, near mid-eclipse, with a 4-inch, f/10 refractor, Kodachrome-25 35-mm. positive 
color film exposed at ASA 25, ~o filter, and normal processing. Exposures varied from 
l/8 second to 2 seconds, At 4 9m the longer exposures showed the umbral limb clearly, 
revealed many surface features, and exhibited a definite rose-orange tinge. The photo
graphs showed the umbral edge colorless and the penumbra shading colorless. 

Westfall further notes: "Comparison with photographs of the May 25, 1975 eclipse 
indicated that (1) the hue of the 1977 eclipse (rose-orange), although definite, was 
weaker than for the 1975 eclipse, (2) corresponding portions of the umbra were consider
ably brighter for the 1977 eclipse than for the 1975 eclipse (by a factor of the order 
of magnitude of 12.5, allowing for different film speed, f-ratio, and exposure)." 
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BOOK REVIEWS 

ALMANAC FOR COMPUTERS for the year 1978, by LeRoy E. Doggett, George H. Kaplan, 
and P. Kenneth Seidelmann, Nautical Almanac Office, U, S. Naval Observatory, Washington, 
D.C. 20390, 1977. Approximately 100 pages, paperbound. Price $3.00. 

Reviewed by Derek Wallentinsen 
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This slim paperbound volume (similar in appearance to a USNO Circular) is intended 
to enable users of calculators and computers to calculate directly about 90 percent of 
the tabular material which appears in the American Ephemeris, Nautical Almanac, and Air 
Almanac for astronomy and navigation. Instead of 500 pages of rigorously calculated 
positions, angles, radii vectores, etc,, one is given about an eighth of that number of 
pages of coefficients for the polynomial equations used to define these essential func
tions. These are not the complex equations of astrometric celestial mechanics but are 
rather approximations valid for a prescribed period of time in, or extending through, 
1978. This year is the booklet's second year of publication. 

The Almanac is divided into six sections, the first two of which are explanatory. 
Section A explains the representations and evaluations of the power series, Chebyshev 
(also spelled Tchebysheff) series expansions, and trigonometric series which are used as 
approximations in the Almanac in lieu of the Tesults of the extensive theories used for 
the AE, NA, and AA dat~erical examples are detailed for each type of evaluation. 
Section B "contains formulas and algorithms of general utility in astronomy and naviga
tion," including the familiar astronomical triangle and hour angle expressions. Sunrise, 
sunset, twilight, and their lunar counterparts (this last using iteration) are covered, 
as are corrections to navigational fixes for refraction, horizon dip, Coriolis force, 
and motion. Over a page is devoted to formulae relating year, month, and month day num
ber to Julian Date and year date. Interrelations between navigational and astronomical 
definitions are given. 

Section C is concerned with values commonly used in navigation and avigation: 
Greenwich Hour Angle (GHA) of Aries, GHA's and declinations of the Sun, Moon, and navi
gational planets, solar and lunar semidiameters, and the Moon's horizontal parallax. 
The accuracy is that adequate for navigational purposes, a few tenths of an arc-minute. 
By use of appropriate programming (e.g., subroutines, i-addressing, etc.), any desired 
combination of several of these functions can be fitted into the newest generation of 
programmable pocket calculators. 

Sections D and E provide the primary astronomical data given in the AENA: appar
ent positions for all of the major planets (with the exception of Pluto, which is astro
metric as in the AENA), Moon, and Sun, geocentric rectangular coordinates of the Sun and 
Moon, sidereal time, nutation, and the equation of the equinoxes. The accuracy of the 
values as derived from Section D is very good as compared to the standard of the AENA. 
Section E is less accurate, chiefly because functions are represented by the same coef
ficients over a longer period of time, but "the precision is sufficient for ... navi
gation and telescope pointing," 

The Chebyshev and trigonometric series of D and E can be easily truncated at any 
required level of precision, determined by adding the absolute values of the coefficients 
as described in the text. Truncation may be desirable for some uses and essential for 
the quick and efficient calculation of functions by keystroke machines and programmable 
machines with limited memory. The typical number of terms and hence coefficients for a 
function in Sections D and E is probably 25, and some functions have up to fifty terms. 
With the multi-function nature of positions and ephemerides, this number may be a major 
limitation for some users, Desktop computers and minicomputers (with capabilities com
parable to, or better than, the HP-9800 series) can use punched card and magnetic tape 
forms of the data in Sections D and E (provided by the Naval Observatory) to evaluate 
the series most efficiently. 

Section F is a list of the mean 1978.0 places of 176 bright stars for navigational 
purposes. Coefficients for calculation of the apparent places to an accuracy of o:1 at 
any time during the year are included. These are also available in machine-readable form. 

An important consideration for many members of the A.L.P.O. may be what the volume 
doesn't have vis-a-vis the AENA. It lacks the ephemerides of the Big Four minor planets, 
physical observation ephemerides of the Sun, Moon, and planets, satellite ephemerides, 
eclipse data, material on the rings of Saturn, and numerous other lesser tables-items of 
utility. But then, as a still experimental specialty item, its cost isn't $11.00 for a 
hardbound volume of high quality encompassing everything. 

The Almanac for Computers is recommended for those with a need for this kind of 
information and the requisite advanced programmable calculator, mini-, or desktop comput
er needed for its serious application. It is not recommended for dilettanti with less 
serious interest and/or simpler computing machinery, who will not find it rewarding. 
Others may find the parent volume, The American Ephemeris~ Nautical Almanac, more 
suited to their needs and capabilities. High-order interpolation of the AENA data is 
another alternative. This volume does represent a fundamental step in the transition 
from the past and predominant current practice of publication of a few values of func
tions to the publication of only the basic algorithms and machine-readable programs for 
computing any values of the functions to any theoretical accuracy for any time. It is 
the remarkably rapid evolution (revolution!) of electronic computing machines as basic 
tools which has made this change possible, as in the case of the obsolescence of trig 
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and log tables by the scientific pocket calculator in the early and mid-1970's, 

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

THE A-Z OF ASTRONOMY, by Patrick Moore. Charles Scribner's Sons, New York, 1977, 
192 pages.-Price $7.95 (cloth), $2.95 paper. 

Reviewed by Ron Doel 

Patrick Moore, Britain's enduring amateur astronomer emeritus, has produced no 
less than what he claims--an abridged but substantial dictionary of astronomy. In suc
cinct and flowing entries, expanded for important concepts, Mr. Moore has succeeded in 
building a thorough foundation of astronomy in a purely scientific framework. Some of 
the definitions are a bit awkward, and may confuse the novice, but the heavens are no 
small field to quantify--! suspect these problems are hardly Moore's alone. 

Yet the book is also lacking in areas where it should not be. There are no half
tone pictures. There are merely line sketches, which are black on white. Mechanical 
and theoretical definitions outnumber practical ones, which may frustrate eager begin
ning backyard observers, Remembering some words that were once unfamiliar to me, I be
gan thumbing through, looking for entries. Colongitude? It wasn't there, nor was appa
rition. On the whole, the book was good--but not an amateur's dictionary. It's cer
tainly no facsimile of the colorful, handy, pocketbook edition of Astronomy many of us 
"dog-eared" while first learning the skies, 

Moore's worst faux~ was allowing his personal preconceptions and prejudices to 
gum up the definitions. The entire field of U,F.O. research was mockingly dispatched 
under "Flying Saucers," Astrology was similarly mocked; and while there may indeed be 
much to dispute, Dr. J, Allen Hynek has struck a responsive chord among many persons by 
calling for a thorough study of astrology to be conducted first. If the results warrant 
it, he says, then condemn it--but let us avoid the dark memories of Copernicus and the 
Inquisition. ~·1oore treads further upon shaky ground, finally venturing, "in sober fact, 
the scientific information we have at present argues against the existence of alien life 
anywhere in the Universe." The real fact is that many astronomers, exobiologists, and 
chemists waul d vehemently disagree with Moore's "sober fact." Sharp-eyed students wi 11 
catch a few other transgressions of this sort in the book, 

Don't be confused by Scribner's publication date; for the final revisions in this 
text were made in early 1976, too early to record the latest data returned from Mars and 
Venus. However, there is certainly much left to praise. Some of his observations are 
most unusual and humorous, and many of the data tables he includes are extremely helpful. 

For $2.95, especially if you're still not totally sure of your stars, it's probably 
worth the cost of picking up. 

* * * * * * * * * * * * * * * 
New Guide to the Moon, by Patrick Moore. W, W, Norton & Co., Inc,, New York, New 

York, 1977. (Copyright 1976), 320 pages, Price $10.95. 

Reviewed by Roy C. Parish, Jr. 

This latest version of a classic lunar biography by the well-known Director of 
the Lunar Section of the British Astronomical Association is a nourishing feast of lunar 
science, carefully harvested, sensibly blended, and served up as a delectable and appeal
ing dish. It is a light, conversational, infprmal introduction to not just the Moon it
self, but to the history and physics of the Earth-Moon system and its environment. There 
are 29 half-tone photographs and numerous line drawings, most of them good. 

The book begins with a brief history of Man's superstitions and myths, much of 
which will be new to most readers. There follows a condensed but adequate look at the 
Solar System in general, and a chapter on the evolution of theories regarding the Moon's 
formation. Next comes a chapter on the motions of the Moon. This chapter is less satis
factory than the previous ones because of some incompleteness: for example, the regres
sion of the nodes is mentioned, but not the advance of the perigee, The next chapter is 
about the dynamics of the Earth-Moon system, and gives a competent explanation, although 
necessarily simplified, of the tides--about as good an explanation as can be made without 
the use of vectors. A chapter on lunar observers of the past follows, and it will be 
interesting to those with an historical ben.t. A chapter on the types of lunar features 
is next, and it discusses craters somewhat at the expense of other types of features. The 
chapter devoted to the craters follows. This reviewer would have liked to have seen the 
other kinds of features equally well treated, but such is lacking, Further chapters deal 
with lunar atmosphere, eclipses, manmade probes, and manned exploration. Next comes a 
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somewhat lengthy chapter entitled ''The Moulding of the Surface," which again treats the 
formation of craters (and the debate over impact versus vulcanism) well but at the ex
pense of the other features. Transient phenomena are discussed in their own chapter, 
and finally there is some advice for new observers regarding instruments and techniques. 
Small appendices contain numerical data and other facts, and a really huge appendix 
(amounting to about a fifth of the whole book) describes the lunar features in sections 
and with simplified charts after the author's and H, P. Wilkins' classic The Moon (Lon
don, Faber and Faber, second edition, 1961). 

On the whole, the book is excellent, It is remarkable for its freedom from typo
graphic and factual errors. The overall level of quality is somewhat inconsistent from 
chapter to chapter: some of the diagrams were better omitted, notably the one depicting 
a wagon wheel with brakes which purports to explain the slowing of the Earth's rotation 
due to the lunar gravitational pull. The historical chapters are excellent, whereas 
those dealing with land-forming processes appear weighted toward vulcanism, while limit
ing discussion of other tectonic processes, 

One very gratifying aspect of the book is the author's genuine admiration of 
rocket-borne experimentation and exploration of the Moon, particularly the United States 
space program. Many words and photographs describing the Apollo program and its experi
ments tell the author's estimation of the program's worth, which is heartening in view 
of the fact that American amateurs' research activities are only sparingly mentioned. 

The book is strongly recommended to the new observer as a prelude to more detailed 
and more technical works, and to the advanced observer as an interesting review. The 
appendix describing the lunar features will serve as the foundation for many years' study 
for any interested student of the Moon. As the author says about the Moon, " ... there 
is a great deal to say." Mr. Moore has said it very well. 

* * * * * * * * * * * * * * * 
ADVENTURES QE A MATHEMATICIAN, by S. M. Ulam, Charles Scribner's Sons, New York, 

New York 10017. 1976. 303 pages. Price $4.95, papercover. Illustrated with photo
graphs. 

Reviewed by David M. Fliss 

Adventures of a Mathematician by Dr. S. M. Ulam is an autobiography of a renowned 
mathematician, containing recollections of his life in both Europe and America. He is 
noted for his work in abstract mathematics, contributions to the development of the hy
drogen bomb, application of nuclear power to space vehicle propulsion and the use of 
computers in scientific research, all of which he discusses from his personal point of 
view in addition to the other happenings in his life. 

It is a very interesting book, though one unfamiliar with the names of other math
ematicians may miss some of the flavor of the thumbnail sketches the author gives of his 
acquaintances so frequently throughout the book. However, the names Fermi, Teller, and 
Gamow should be quite familiar to A.L.P.O. readers. These men appear in the most in
teresting section, that dealing with the years at Los Alamos and the development of the 
first atomic bomb. In all cases, these descriptions show these men and women not as 
stiff figures of science but as people with gifts and failings, who are a privilege to 
know. 

Mathematical theories are absent, and only the barest of outlines of topics is 
given when the author describes his work or that of one of his contemporaries. The 
reader will not be buried under abstract concepts at any time. In fact, the author could 
have expanded somewhat on the Monte Carlo method as applied to atomic reactions and as 
programmed on the first computer, MANIAC, without fear of losing the reader. 

If one is the least bit curious about what mathematicians do and why they are math
ematicians (the author has his own ideas on this!), one could do no better than to read 
this book of the life of a man who spans the Old World and the New, the theories of 
Einstein and his own work on nuclear devices, and the early philosophical discussions 
of automata and the computer. 

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

The Inner Planets, by Dr. Clark R. Chapman. Charles Scribner's Sons, 597 Fifth 
Avenue::New York~l0017. 1977. 170 pages, including 24 pages of black and white 
prints. Price $7,95. 

Reviewed by Paul K. Mackal 

This highly thought-provoking book is subtitled, "New Light on the Rocky Worlds 
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of Mercury, Venus, Earth, the Moon, Mars and the Asteroids." It is as much a story of 
those men who have made discoveries in inner planetary science as it is a compendium of 
the ideas about the formation and alteration of the inner planets by asteroidal debris. 
More conservative thinkers have assumed for a long time that all craters formed on the 
inner planets were due to orbital and cometary debris. 

Without refuting the current opinion that most meteoroids come from cometary de
bris, Dr. Chapman opposes this view with another one. He states that meteoroids come 
from asteroids, either from small chunks of pristine matter whipped out of orbit by the 
giant planet ,111Piter, or from fragments of larger stony asteroids having iron-nickel 
cores. •- s is true, then two difficulties arise from Dr. Chapman's thesis. First-
ly, if eat cataclysm caused nearly all of the craters of the terrestrial planets 
and thel. satellites during a relatively short time interval of 40 million years some 
4 billion years as , Low could asteroidal debris be wholly responsible? What about or
bital debris or cometary debris? Secondly, why are iron-nickel meteorites common on the 
Earth at present when nickel-iron asteroids are apparently over-represented in the as
teroid belt? 

Apart from these difficulties, which are of purely a statistical nature, this book 
deserves to be in the library of everyone provided he or she possesses an open mind and 
likes a good mystery. 

ANNOUNCEMENTS 

~~. We are extremely glad to announce that Dr. Jean Dragesco, Boite 
Postal 7108, Cotonou, R~publique populaire du B~nin, West Africa has joined the Jupiter 
Section staff as an Assistant Recorder. He will be in charge of Jupiter photography. 
Dr. Dragesco has long been an active visual and photographic planetary observer and a 
regular contributor to reports in this journal. He requests that A.L.P.O. 'ers who are 
photographing Jupiter send him duplicates of their best photographs, which he will then 
study and discuss. We gladly underscore this request, and the approaching end of the 
1977-78 apparition would be a good time to pick out and submit your best photographs. 

Assistant Comets Recorder Derek Wallentine has changed his surname to the older 
Danish form of Wallentinsen. 

Lunar Recorder Michael Fornarucci has resigned, his interests having turned to 
sophisticated stellar research at Princeton University. We thank him for the time and 
effort he gave while on the staff. At this time no decision has been reached about the 
continuation of the Central Peaks Program, which Mr. Fornarucci headed. 

Lunar Recorder Marvin Huddleston now has as his mailing address P. 0. Drawer 1140, 
Mesquite, Texas 75149. 

Prices of Jupiter Items. Inflation strikes even the offerings of our volunteer 
staff. Recorder Budine gives us these new prices: 

Jupiter transit forms - 20 for $1.00 
Jupiter Observers' Manual - $2,50, postpaid. 

Strip sketch forms have been in low demand and will no longer be offered. 
Offer 1Q ~Back Issues. Mr. Roger Laureys, Dooistraat 23, B-3610 Diepenbeek, 

Belgium desires to build up a complete set of Journal ~·h·f.Q. (originally The Strolling 
Astronomer) in Europe. He still needs these issues: Vol. 25, Nos. 5-6: Vol. 24, Nos. 
3-4, 9-10, and ll-12; Vol. 23, Nos. l-2; Vol. 22, Nos. 5-6; Vol. 21, Nos. 1-2, 3-4, 
and 5-6; Vol. 20, Nos. 5-6 and ll-12; Vol. 19, Nos. 9-10 and ll-12; Vol. 18, Nos. l-2, 
3-4, and 5-6; Vol. 17, all issues; Vol. 16, all but Nos.ll-12; Vol. 15, Nos. 1-2 and 
3-4; Vol. 14, Nos. 5-6, 9-10, and ll-12; Vol. 13, all but Nos. 5-8; Vols. 1-12, all 
issues. Persons wishing to sell one or more of the issues listed above should corre
spond with Mr. Laureys and arrange purchase prices with him. Our earlier issues are now 
very hard to find, and readers having back numbers Mr. Laureys wants might well enjoy 
helping to establish one of the very few complete sets of this journal. 

Comet Information Kit and Report Forms. Derek Wallentinsen, 3131 Quincy N.E., 
Albuquerque, New Mexico 87110 will supply a Comet Information Kit upon request. Compen
sation for postage would be welcome but is not required, He will also supply 50 Comet 
Report Forms for $2.00. (There is a sample form in the kit,} 

Part Two of Jovian ~.f.~. Disturbance Analysis. Readers may well have been wonder
; ng what happened to the promised sequel to Ron Doel' s "An Update of South Equatorial 
Belt Disturbance Analysis. Part One" in J.A.L.P.O., Vol. 26, Nos. 11-12, pp. 254-257, 
1977 (August). Part Two is definitely planned to be included in our next issue, The 
delay has been entirely an editorial one, involving questions of space limitations and 
publication priorities. We offer our regrets to Author Doel and to our readers. 

Jupiter Observers, Atten-shun! Recorders Budine and Mackal report some exciting 
activity on the Giant Planet. They urge very close attention to its changing disc during 
these final weeks of the apparition--and especially to the South Equatorial Belt region. 

83 



1978 A.L.P.O. Convention. The Western Amateur Astronomers, the Astronomical So
ciety of the Pacific, the Amateur Astronomers of Northern California, and the A.L.P.O. are 
sponsoring a joint meeting at Cal State Poly, San Luis Obispo, California on July 27-30, 
1978 (Thursday to Sunday noon). Most of the information here has been communicated by our 
Associate Director, John Westfall, who attended the W.A.A. Board meeting in January, 1978, 
The General Chairman is Mr. Clyde Tichenor, 15524 Cohasset St., Van Nuys, CA 91406. 

A.L.P.O. members can support this meeting by their attendance, by presenting papers 
on subjects in which they possess expertise, and by contributing material, usually draw
ings and/or photographs, for an A.L.P.O. Exhibit, Papers should be mailed to Walter H. 
Haas, Box 3AZ, University Park, New Mexico 88003, There will be no separate A.L.P.O. 
Paper Session, but there will be one on Solar System topics. Authors will be expected to 
publish and distribute their own papers, suitable for insertion in a convention binder. 
Exhibit material should be mailed to John E. Westfall, 2775-39th Ave., San Francisco, CA 
94116. Please note that the above is Dr. Westfall's home address~ it will only create 
confusion to use his office address on the back inside cov~e article and picture on 
pages 45-48 may give a clearer idea of our Exhibit goals. An A.L.P,O. Business Meeting is 
scheduled for Friday at 7:30 P.M. 

The cost of registration and accommodations is still under discussion (March 16, 
1978), though it is expected that lodging on campus will be seven dollars per person per 
night, with double occupancy. There will be a field trip to Vandenberg Air Force Base 
for space enthusiasts and another to the Hearst Castle for those with other interests. 
A star party is planned at a favorable site in the hills above San Luis Obispo. There 
will be a luncheon banquet, with Ashley McDermott as the speaker. An occultation of 
Aldebaran by the Moon will be visible during the Convention, on the afternoon of July 29. 
There will be a special Astrophotography Exhibit of slides and photographs, to which 
everyone is encouraged to contribute. Those wishing more information about the Astra
photography Exhibit should write to Mr. Charles L. Townsend, 3521 San Juan Ave., Oxnard, 
CA 93030. The deadline for receiving such display contributions is July 15, 1978. 

~Bulletin iQL A.L P 0 LunaL Section. Lunar Recorder Marvin Huddleston announces 
a coming Bulletin for our Lunar Section, with the first issue planned for the end of 
April, 1978. Contents will include material from each Lunar Recorder and physical data 

BOOKS ON ASTRONOMY 

NEW: MARS, by I, As imow 
]£H: ATLAS OF MERCURY, by P. Moore 
NEW: JUPITER, by T. Gehrels, ed,, 1254 pp, 
]lW; COMETS, by P. Moore 
THE STUDY OF CDr1ETS, 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 

for lunar observations. The price 
will be set to meet the necessary 

$ 7.95 g8ft}eaP~obably three to five dollars 
$1 o. ou,.,-j--''---"-----'-----------. 
$38.50 CAVE ASTROLA 
$ 7.95 REFLECTING TELESCOPES 
$12.50 
$ 8,15 
$ 3.35 

$15.75 

These excellent reflecting telescopes 
are very well known to all serious 
planetary and lunar observers. A 

the Solar System - limited supply only - $ 8.95 
RADIO ASTRONOMY FOR THE AMATEUR, by D. 

very large number of the world's 
leading lunar and planetary astro
nomers are currently using complete 
Astrola reflecting telescopes or 
optical component parts thereof. We 
sell Orthostar and other brands of 
orthoscopic oculars, Kellner and other 
forms of oculars. 

Heiserman, 
ASTRONOMICAL TELESCOPES AND OBSERVATORIES, 

ed. by P. Moore 
J::I.Ekl: THE NEW GUIDE TO THE PLANETS·, by P. 

t1oore 
NEW: THE NEW GUIDE TO THE MOON, by P, Moore 
F,STRONOMY AND COSMOLOGY, by Fred Hoyle 
Comm~nication 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 

$ 5,95 

$ 7.95 

$ 7.95 
$10,95 We specialize in refiguring imperfect 
$15.95 telescope mirrors of all sizes to the 

highest optical quality. 
$ 6.00 
$ 7,95 We offer a complete line of Newton
$12.50 ian, Cassegrainian, and Refracting 

Book 1, $8.00~ Book 2, $9.00~ Book 3,$10.00 
AMERICAN EPHEMERIS AND NAUTICAL ALMANAC 

telescopes from 6 inches to 24 inches 
in diameter, Used reflectors and re
fractors are often in stock. 

FOR 1978 

Write for NEW enlarged list of astronomical 
1 iterature. 

HERBERT A. LUFT 

P.O. Box 91 

Oakland Gardens, NY 11364 

$11 . 00 
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In order to facilitate the reproduction of draw
ings in future issues readers are requested to 
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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. 
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DIAL THE SKY 
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