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THE 1984-85 EASTERN (EVENING) APPARITION OF THE PLANET 
VENUS: VISUAL AND PHOTOGRAPHIC OBSERVATIONS 

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

ABSTRACT 

Visual and photographic observations of the planet Venus for the 1984-85 Eastern 
(evening) Apparition are summarized, based on an extensive analysis of data submitted by 
A.L.P.O. Venus Section observers in the United States and several other countries. The re
port emphasizes the sources of data and the instrumentation used in acquiring information 
about Venus. For the 1984-85 observing season, there is a statistical analysis of the catego
ries of features seen or suspected at visual wavelengths (integrated light and color filters) in 
the atmosphere of Venus. A similar treatment is given to the cusps, cusp-caps, and cusp
bands, together with a brief discussion of the Ashen Light and other curious dark-hemisphere 
phenomena. Comparative studies deal with observers, instrumentation, visual and photo
graphic data, simultaneous observations, and so forth. Illustrations accompany the text of the 
report in order to enhance the reader's overall appreciation of the variable phenomena ob
served in the atmosphere of Venus in 1984-85 

INTRODUCTION 

Observers submitted an excellent variety of 
visual and photographic observations of the 
planet Venus during the 1984-85 Apparition, 
and this report is based upon an extensive 
analysis and evaluation of these data. The ap
propriate geocentric phenomena during this 
apparition are given in Table I below in 
Universal Time (UT). 

list of these colleagues, along with the number 
of observations they contributed, and the in
struments they used, is summarized in Table 2 
(p. 2). Our warmest thanks are extended to all 
of the dedicated observers in the United States 
and abroad for their continued participation in 
our efforts to monitor variable phenomena in 
the atmosphere of the planet Venus. 

OBSERVATIONS OF VENUSIAN 

Table 1. Geocentric Phenomena for the 1984-85 
Apparition of the Planet Venus. 

ATMOSPHERIC 
DETAILS 

As noted in earlier 
reports that have ap
peared in this Journal, 
conventional methods 
and techniques of mak
ing visual studies of 
somewhat vague, elusive 
"markings" in the atmo

Superior Conjunction ................ 1984 JUN 15, 23h UT 
Greatest Elongation East... ....... 1985 JAN 22, 02 (47°) 
Greatest Brilliancy..................... FEB 26, 18 (Mag. -4.6) 
Stationary................................... MAR 12, 08 
Inferior Conjunction................. APR 03, 22 

L-------------------------------------------------~ sphere of Venus have 
A total of 137 observations, including vi

sual drawings and photographs (chiefly at vi
sual wavelengths), was collected for the 1984-
85 Apparition. A histogram is presented in 
Figure I (p. 2) that illustrates the distribution 
of observations by month. 

Observational coverage of Venus was 
fairly good during. this apparition, with indi
viduals starting their observing program early 
in the period and following through until con
junction with the Sun. The observational peri
od extended from 1984 JUL 21 through 1985 
MAR 31, with maximum effort during the 
months of 1984 December through 1985 
March, which included 89.8 percent of the ob
servations. As in previous apparitions, the 
time of greatest emphasis took place around 
the time of greatest elongation from the Sun 
and greatest brilliancy. 

Fifteen persons submitted visual and pho
tographic observations of Venus during the 
1984-85 Eastern (evening) Apparition, and a 

been outlined in appropriate Venus Section 
pamphlets and booklets. [1,2,3] Careful study 
of these sources is strongly suggested, as well 
as of previous apparition reports, for those un
familiar with the nomenclature used or with 
the basic observational methods. 

This report is based upon descriptive 
notes, accompanying drawings, and numerous 
photographs, the latter chiefly taken at visual 
wavelengths. A sample of these drawings and 
photographs accompanies this report in order 
to aid the reader in interpreting the phenome
na reported or suspected on Venus in 1984-85. 

The visual and photographic data for 
1984-85 represented nearly all the categories 
of dusky and bright markings on Venus, as 
covered in depth in the literature cited earlier. 
A quantitative treatment of this material simi
lar to that done in earlier Venus apparition re
ports, appears in Table 3 (p. 3), which shows 
the percentages of observations which fit spe
cific categories. [Text continued on p. 3.] 
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Figure 1. Frequency of Venus 
observations by month during 
the 1984-85 Eastern (evening) 
Apparition. 

Table 2. Participants in the A.L.P.O. Venus Observing Program 
During the 1984-85 Eastern (Evening) Apparition 

No. of Ob-
Observer and Location servations __ .=ln'""s"'tr""'u""'m~e.,_,n""t(""s)'-U=se,.,d=---

Domenec Barbany. Barcelona, Spain 4 
Julius L. Benton, Jr. New Hope, PA 20 
Edwin W. Faughn. Paragould, AR 1 
Marc A. Gelinas. St-Hubert, Quebec, Canada 17 
D.L. Graham. Brompton-on-Swale, England 13 
Walter H. Haas. Las Cruces, NM 7 
Alan W. Heath. Nottingham, England 28 
Daniel Louderback. South Bend, WA 1 
M. Maksymowicz. Moisson, France 9 

Paul Maxson. Phoenix, AZ 15 
Gary T. Nowak. Williston, VT 2 
Peter Scott. Indiana, P A 1 
Don Spain. Fairdale, KY 13 
Richard Tanger, Jr. Pleasantdale, NJ 4 

Roger Venne. Quebec, Canada 2 

Total Number of Observers.,....... 15 
Total Number of Observations .... 137 
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8.0cm (3.1in) Refractor 
15.2cm (6.0in) Refractor 
20.3cm (8.0in) Newtonian 
20.3cm (8.0in) Schm.-cass. 
10.2cm (4.0in) Refractor 
31.8cm (12.5in) Newtonian 
30.5cm (12.0in) Newtonian 
20.3cm (8.0in) Schm.-Cass. 
11.2cm (4.4in) Refractor 
lS.Ocm (5.9in) Refractor 
20.3cm (8.0in) Schm.-cass. 
27.9cm (11.0in) Schm.-cass. 
20.3cm (8.0in) Schm.-cass. 
20.3cm (8.0in) Schm.-Cass. 
9.0cm (3.5in) Maksutov 
6.0cm (2.4in) Refractor 
7.6cm (3.0in) Refractor 
20.3cm (8.0in) Newtonian 

Note: "Schm.-Cass." means 
Schmidt-Cassegrain. 



Table 3. Frequency of Occurrence of 
Types of Markings in the Atmo
sphere of Venus During the 1984-85 
Eastern (evening) Apparition. 

Percent
Apparent Surface (Atmo- age of 137 
spheric) Feature Categories Reports 

Banded Dusky Markings 7.3 o/o 
Radial Dusky Markings 0.7 
Irregular Dusky Markings 6.6 
Amorphous Dusky Markings 31.4 
Terminator Shading 27.7 
No Markings 

Seen or Suspected 65.7 
Bright Spots or Regions (ex

clusive of the cusp regions) 5.1 

Notes: 
1. The geometric phase k ranged from 0.986 
(1984 JUL 21) to 0.014 (1985 MAR 31). 
2. Assuming that the bright illuminated hemi
sphere of Venus (all areas devoid of any shad
ings or obvious markings) was typically as
signed a relative numerical intensity of 8.5 to 
8.7 in 1984-85, it was noted that the average 
assigned intensity for the dusky shadings (the 
first five items in Table 3) in integrated light 
(no filter) was about 7.5 to 7.8 in 1984-85; the 
last category in Table 3 had an assigned inten
sity value of 9.0 during this period. (Intensities 
are on the standard A.L.P.O. scale, where 0.0 
is totally black shadow and 10.0 is the most 
brilliant features ever seen.) 
3. The scale of conspicuousness, ranging from 
0 for definitely not seen to 10 for certainly 
seen, was utilized somewhat effectively in the 
1984-85 Apparition, when the conspicuous
ness rating was about 5.0 for the first five 
items in Table 3, as well as for the bright spots, 
indicating that all features' presences lay 
somewhere between vague suspicions and 
strong indications. 
4. Seeing conditions, on the standard A.L.P.O. 
scale (ranging from 0 for the worst possible to 
10 for perfect), averaged about 3.0 to 3.5; gen
erally poor to fair at best. 
5. Transparency conditions, normally ex
pressed as the faintest star detectable by the 
naked eye on a clear, dark night in the region 
of the planet (reference objects usually noted), 
were quite difficult to evaluate owing to the 
fact that nearly all observations were carried 
out against a twilight or daytime sky. When 
Venus was seen in a fairly dark sky, and thus 
at a relatively low altitude, the evaluated 
transparency averaged about +4.5. 
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[Text continued from p. 1.] . 
Despite diligent efforts to reduce s~bJ~C

tivity, this factor must affect the quantltatJ.":e 
data for this apparition, but some.reasonable If 
tentative conclusions may be denved from the 
percentages in Table 3,. 

For example, more than half of the draw
ings and other visual observations of Venus, 
and nearly all of the photographs submitted, 
showed the planet as completely d_evoid '?f 
any shadings or markings of any kind. It IS 
well established that the markings of Venus' 
atmosphere are highly elusive, both to th_e 
novice and to the experienced observer, and 1t 
would be helpful to have photographs of t~e 
planet taken at ultraviolet wavel~ngths ~n 
order to bring out any dusky ~arkmgs. It ~s 
also true that markings revealed m the ultraVI
olet differ characteristically from those occa
sionally seen or suspected at visual wave
lengths, particularly with respect to radial 
dusky patterns. 

Terminator shading was reasonably ap
parent in 1984-85, when there was a usual 
tendency for the terminator shading to lighten 
(i.e., assume a higher intensity value) as _one 
proceeded from the terminator tow_ard the Il_lu
minated limb. In some cases, th1s gradation 
terminated in the bright limb band. Normally, 
this shading extended from one cusp region to 
the other, and this shading was most common 
from around the time of dichotomy (1984 
JAN 24) and later, when the phase was acres
cent. In terms of photographs, only a few sub
mitted during this apparition suggested termi
nator shading. 

In 1984-85, the majority of the dusky 
markings reported were in the category, 
"Amorphous Dusky Markings" (in 31.4 per
cent of all observations in Table 3). Other 
dusky atmospheric features were divided al
most equally between "Dusky Banded 
Markings" (7.3 percent) and "Irregular Dusky 
Markings (6.6 percent), with only one obser
vation of "Radial Dusky Markings" (0.7 per-
cenO. . . . 

Excluding the cusp regions, bnght ~eg10ns 
or mottling were rarely observe? dunng the 
1984-85 Apparition. A few drawmgs and per
haps one or two photographs depicted these 
bright spots or regions on Venus. 

Color filter observations with Wratten 47 
(violet), W25 (red), W15 (yellow), and other 
filters showed variable enhancement of atmo
spheric features on Venus. A systematic use 
of color filters of known transmission, togeth
er with studies in integrated light (no filter), 
can be immensely useful. Observations using 
these colorimetric techniques are highly en
couraged for future apparitions. 



CUSPS, CUSP-CAPS, AND CUSP·BANDS 

The most contrasting and conspicuous 
features in the atmosphere of Venus are found 
at or near the cusps of the planet, usually 
when its phase lies between 0.8 and 0.1 (mea
sured by k, the proportion of the disk that is 
illuminated). These cusp-caps occasionally 
appear on Venus, sometimes bounded by 
darkish, often diffuse, peripheral cusp-bands. 

Table 4, below, presents selected cusp
cap and cusp-band statistics for the 1984-85 
Apparition, from which several conclusions 
can be drawn. 

Table 4. Cusp-Cap and Cusp-Band 
Statistics: 1984-85 Eastern (evening) 
Apparition of Venus. 

Condition of Feature(s) 

South Cap Alone Visible 
Both Caps Visible 
North Cap Alone Visible 
Either or Both Caps Visible 
Neither Cap Visible 

Percent
age of 137 
Reports 

1.5 o/o 
27.7 

2.2 
31.4 
68.6 

South Cap the Larger in Size 
Both Caps Equal in Size 
North Cap the Larger in Size 

5.1% 
22.6 

3.7 

South Cap the Brighter 
Caps of Equal Brightness 
North Cap the Brighter 

5.1 o/o 
24.1 

2.2 

S. Cusp-Band Alone Visible 0.0 o/o 
Both Cusp-Bands Visible 5.1 
N. Cusp-Band Alone Visible 0.7 
Either or Both Cusp-Bands Vis. 5.8 
Neither Cusp-Band Visible 94.2 

Notes: 
1. Assuming that the relative numerical inten
sity of the bright illuminated hemisphere of 
Venus was typically 8.5 to 8.7 in 1984-85, the 
mean intensity of the cusp-caps averaged 
about 9.5 to 9.7. The average value for the 
cusp-bands was 7.8 for this apparition. 
2. The seeing and transparency notes in Table 3 
(p. 3) apply here as well. 
3. The sum of the percentages in the above 
table does not always equal 100, particularly 
for the size and brightness of the cusp-<:aps. 
Clearly, when only one cusp-<:ap was visible, 
it was not possible to make comparisons of 
size and brightness. 

During the 1984-85 Eastern (evening) 
Apparition, when the southern and northern 
cusp-caps of Venus were recorded, they were 
most frequently seen at the same time. There 
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were times, however, when only one was de
tected; the northern cusp-cap marginally more 
frequently than the southern in this case. 
Neither cusp-cap was reported in over two
thirds of the observations. 

In terms of size, the cusp-caps were usual
ly equal when both were seen, but there were 
times when one was larger than the other. 
Also, when both cusp-caps could be seen, 
they were usually reported as equal in bright
ness. However, in 1984-85, as with cusp-cap 
size, one cusp-cap was sometimes reported as 
brighter than the other. 

The cusp-bands are dusky features occa
sionally seen bordering either or both of the 
cusp-caps. As Table 4 shows, they were only 
rarely reported in 1984-85. When they were 
seen, both were reported, although there were 
one or two observations when a single north
em cusp-band was suspected. 

EXTENSION OF THE CUSPS 

Most observers reported only very slight 
cusp extensions for Venus during the 1984-85 
Apparition. However, these extensions were 
seldom shown on drawings and no photo
graphs showed them when they were suspect
ed visually. [Haas and Maxson sometimes re
ported considerable extensions. They are, of 
course, difficult to photograph, being consid
erably fainter than the fully sunlit portions of 
the disk. Ed.] 

THE BRIGHT LIMB BAND 

In 1984-85, 37.2 percent of the 137 obser
vations submitted noted a bright limb band on 
the sunlit limb of Venus. This feature extend
ed from cusp to cusp, was narrow in width, 
and uniform in intensity throughout its extent. 
The average numerical intensity assigned to 
this feature was 9.5 to 9.7. 

TERMINATOR IRREGULARITIES 

The terminator of Venus is the geometric 
curve that separates the sunlit and dark hemi
spheres of the planet. During the 1984-85 
Apparition, 10.2 percent of the 137 observa
tions submitted reported terminator irregulari
ties. Amorphous and irregular dusky markings 
and, to a lesser extent, banded and radial 
dusky shadings merged with the terminator 
shading and possible reported deformities 
along the otherwise geometrically regular ter
minator in 1984-85. 

THE AsHEN LIGHT AND OTHER DARK· 
HEMISPHERE PHENOMENA 

Throughout the 1984-85 Eastern (even
ing) Apparition, there were no instances of 
confirmed visual or photographically detected 
darkside phenomena on Venus. 



ESTIMATES OF PHASE AND DICHOTOMY 

The "Schroter Effect" on Venus, a dis
crepancy between the predicted and the ob
served dates of dichotomy (half phase), was 
reported in 1984-85. The predicted date oc
curs when k = 0.500 and i = 90°, where i is 
the phase angle (the angle between the Sun 
and the Earth as seen from Venus). The ob
served-predicted discrepancies in these values 
for the 1984-85 Apparition are given in Table 
5 below. 

Table 5. Observed and Predicted 
Dichotomy of Venus: 1984-85 Eastern 
(evening) Apparition. 

Predicted Dichotomy .... 1985 JAN 24.4 

(Observed - Predicted) Discrepancy: 

Observed Date, JAN: 

Discrepancy: Date 
Phase (k) 

Phase Angle (i) 

Gelinas 
.....&&. Heath 

22.3d 22.fl 

-2.ld -1.7d 
-.011 -.009 
+1°.2 +1°.0 

CONCLUSIONS 

Limited activity was reported in the atmo
sphere of Venus during the 1984-85 Eastern 
(evening) Apparition. It should be interesting 
to compare the 1984-85 Apparition of Venus 

with previous evening apparitions, or even 
with morning observing seasons. It will un
doubtedly be discovered that the features of 
Venus' atmosphere remain as elusive as ever, 
and there definitely exists an opportunity for 
further work on the planet, particularly in 
terms of simultaneous observations and ultra
violet photographs. Although Venus frequent
ly appears devoid of any details at all, there 
are times when the patterns of the ephemeral 
dusky or bright markings become visible to 
the persistent observer. Continued monitoring 
of the planet by diligent participants over 
many years remains our major emphasis, and 
interested readers are encouraged to join us in 
our efforts to gather information about the 
planet Venus. 
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SELECTED DRAWINGS AND PHOTOGRAPHS OF VENUS, 
1984-85 EASTERN (EVENING) APPARITION 

The drawings and photographs here and on the following pages are oriented in the normal 
simply inverted view with south at the top and preceding (celestial east) to the right. Unless 
otherwise stated, seeing is on the A.L.P.O. scale (0 = worst, lO = best), while transparency is 
the limiting naked-eye stellar magnitude. 

··----.. ·---.. ------.. -·--- .. ·-----·-----~ Figure 2. Drawings 
by M. Maksymowicz 

5 

.. i on 1984 JUL 29. 15-

1
, em. refractor. Seeing 

2-3, transparency 7 
1l (scale of 10). Left: 

13h OOm UT, 150X-
225X with W58 
(green) Filter. Right: 
13h 30m UT, 150X 
with W26 (red) Filter. 
Diameter = 9".9, k = 

I o.977. 



SELECTED DRAWINGS AND PHOTOGRAPHS OF VENUs--Continued. 

, 
'---~~--·-----·--

Figure 3. Drawing by Marc Gelinas on 1984 
NOV 30, 21h 27m-21h 40m UT. Seeing= 5, 
Transparency= +3.7. 20-cm. Schmidt
Cassegrain, 406X, W47 (violet) Filter. Diam
eter= 15".7, k = 0.721. 

Figure 4. Drawing by Marc Gelinas on 1984 
DEC 04, 21h 00m-21h 32m UT. Seeing= 7, 
Transparency = +4.2. 20-cm, Schmidt
Cassegrain, 406X, yellow and W47 (violet) 
Filters. Diameter= 16".2, k = 0.708. 

Figure 5. Photograph by Paul Maxson on 1984 DEC 24, Olh 46m UT. 
Seeing = 5, Transparency = 3 (scale of 0-5). 28-cm. Schmidt-Cassegrain. 
Tri-X Film, 1 sec. at f/60 with Optica Ultraviolet Filter. Diameter= 18".6, 
k = 0.641. 

Figure 6. Photograph by Roger Venne on 1984 DEC 26, 23h 15m UT. 20-
cm. Newtonian at f/8 on Tri-X Film. Diameter= 19".0, k = 0.629. 

Figure 7. Photograph by Paul Maxson on 1985 JAN 01, 01h 37m UT. 
Seeing = 4-5, Transparency = 3 (scale of 0-5). 28-cm. Schmidt-Cassegrain. 
Tri-X Film, 1/8 sec. at f/60 with No. 80 (blue) Filter. Diameter= 19".8, k = 
0.609. 

Figure 8 (to left). Photograph by Alan W. Heath on 1985 JAN 02, 16h OOm 
UT. Diameter= 20".1, k = 0.602. 

Figure 9 (to right). Drawing by Marc 
Gelinas on 1985 JAN 03, 21h 54m-
22h 11m UT. Seeing= 6, Transpar
ency = +4. 20-cm. Schmidt
Cassegrain, 169X with W47 (violet) 
Filter. Diameter= 20".3, k = 0.597. 

Figure 10 (to left). Photograph by M. 
Maksymowicz on 1985 JAN 05, 16h 
10m UT. Seeing = 2, Transparency = 
9 (0-10 scale). 15-cm. Refractor, 
f/63 on Panatomic-X Film with 
RG630 (red) Filter. Diameter = 
20".6, k = 0.590. 
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SELECTED DRAWINGS AND PHOTOGRAPHS OF VENUs--Continued. 

Figure 11. Photograph by Paul Maxson on 1985 JAN 11, Olh 35m UT. 
Seeing = 6-7, Transparency = 4 (0-5 scale). 20-cm. Newtonian at f/37, Tri
X Film with No. 80A (blue) Filter. Diameter= 21 ".7, k = 0.566. 

Figure 12. Photograph by Paul Maxson on 1985 JAN 20, 02h 10m UT. 
Seeing = 6, Transparency = 4 (0-5 scale). 28-cm. Schmidt-Cassegrain at 
f/60 with W61 (green) Filter on Tri-X Film. Diameter= 23".7, k = 0.522. 

, Figure 13. Photograph by Roger Venne on 1985 JAN 24. 20-cm. 
· Newtonian at f/8. Diameter= 24".8, k = 0.502. 

_..-;· _.,. 
/ 

/ 

/ ,; ... ,.·.·· 
:'';·rc 

I "' l "-..._, 
--~·-·--···-··--····-------· 

Figure 14. Drawing by D.L. Graham on 1985 
JAN 26, 13h 40m-14h 25m UT. Seeing 2 
(Antoniadi Scale; slight undulations with calm 
moments). 10.2-cm. Refractor, 108X. Diame
ter= 25".5, k = 0.488. 

Figure 15. Drawing by Domenec Barbany on 
1985 JAN 30, 17h 45m-18h 15m UT. Seeing= 
3 (Antoniadi Scale; moderate), Transparency= 
Good. 8-cm .. Refractor, 100X-130X. Red and 
blue filters. Diameter= 26".8, k = 0.464. 

Figure 16 (left). Photograph by Paul Maxson on 1985 FEB 02, Olh 15m UT. 
Seeing = 3-4, Transparency = 5 (0-5 scale). 28-cm. Schmidt-Cassegrain, 
Kodak Technical Pan 2415 at f/60 with W47 (violet) Filter. Diameter= 27".5, 
k = 0.451. 

Figure 17 (below). Drawings by M. Maksymowicz on 1985 FEB 05, 17h 50m-
18h 10m UT. Seeing 2-3 (Antoniadi Scale; Fair-Good), Transparency= 9 (0-
10 scale). 11.8~cm. Refractor, lOOX. From left to right: Neutral-density Filter, 
Yellow-Green Filter, Red Filter. Diameter= 28".8, k = 0.428. 
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SELECTED DRAWINGS AND PHOTOGRAPHS OF VENUs--Continued. 

Figure 18. Photograph by 
Paul~axson on 1985 
FEB 10, OOh 58m UT. 
Seeing = 3-4, Transpar
ency= 4-5 (0-5 scale).28-
cm. Schmidt-Cassegrain, 
f/60 with Kodak TP2415 
Film and W47 (violet) 
Filter. Diameter= 30".5, 
k = 0.400. 

Figure 19. Drawings by D.L. 
Graham on 1985 FEB 15. 
Seeing= 2 (Antoniadi Scale). 
10.2-cm. Refractor, 108X. 
From top to bottom: 15h06m-
15hl0m UT, integrated light; 
15h15m-15h20m UT, yellow 
(Wl5) Filter; 15h27m-15h 
45m, red (W25) Filter; 15h 
40m-15h45m, blue (W44A) 
Filter. Diameter= 32".9, k = 
0.362. 

Figure 20. Photographs by 
~- Maksymowicz on 1985 
FEB 16, 16h 30m UT. See
ing = 2 (Antoniadi Scale), 
Transparency = 9-10 (0-10 
scale). 15-cm. Refractor, 
f/63. Left: Tri-X Film, 1/60 
sec., RG595 (yellow) Filter. 
Right: FP4 Film, 1 sec., 
W35 (purple) Filter. Diame-
ter= 33".4, k = 0.354. 

Figure 21. Photographs by M. Maksymowicz on 1985 FEB 23. Seeing= 2 
(Antoniadi Scale), Transparency = 10 (0-10 scale). 15-cm. Refractor, f/63, 
Pan F Film. Left to right: 16h lOrn UT, W35 (purple) Filter;l7h lOrn UT, 
RG515 (yellow) Filter; 17h OOm UT, no filter. Diameter= 37".0, k = 0.299. 

Figure 22. Drawings by Alan W. Heath on 1985 FEB 24, 17h lOrn UT. See
ing = 2-3 (Antoniadi Scale). 30-cm. Newtonian, 190X-318X. Left to right: 
No filter, red (W25) filter, blue (W47) filter. Diameter= 37" .6, k = 0.291. 
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SELECTED DRAWINGS AND PHOTOGRAPHS OF VENUs--Continued. 

Figure 23. Photograph by Paul Maxson on 1985 FEB 26, 02h OOm 
UT. Seeing = "Fair+", Transparency = 4 (0-5 scale). 28-cm. 
Schmidt-Cassegrain, Kodak TP2415 Film at f/60 with a W47 (violet) 
Filter. Diameter= 38".4, k = 0.280. 

Figure 24. Photograph by Paul Maxson on 1985 MAR 01, Olh 55m 
UT. Seeing= Fair, Transparency= 3-4 (0-5 scale). 28-cm. Schmidt
Cassegrain, Kodak TP2415 Film at f/60 with a W47 (violet) Filter. 
Diameter= 40".2, k = 0.255. 

Figure 25. Drawing by Edwin W. Faughn 
on 1985 MAR 07, Olh 09m-Olh 42m UT. 
20-cm. Newtonian, 128X-256X. Diame
ter=44".1,k =0.201. 

Figure 26. Photograph by Alan W. Heath on 1985 MAR 14, 17h 
45m UT. 30-cm. Newtonian with 190X eyepiece. Diameter= 49".6, 
k=0.130. 

Figure 27. Photograph by Paul Maxson on 1985 MAR 31, 17h 45m UT. 
Seeing = Good. 20-cm. Newtonian at f/18 on Kodak TP2415 Film with 
W25 (red) Filter. Venus was approximately 9° from the Sun at the time of 
this view. Diameter= 58".7, k = 0.014. 
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A THREE-DIMENSIONAL SUNSPOT CLASSIFICATION SYSTEM 

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

ABSTRACT 

The traditional Zurich Sunspot Classification System has had only limited success in pre
dicting the onset of solar flares. This paper describes the Mcintosh Sunspot Classification 
System, which uses three parameters--the "Modified Zurich Class," the "Type of Largest 
Spot," and "Sunspot Distribution." This newer system, described and diagramed here, has 
proven very successful in making 24-hour predictions of flare occurrences. A.L.P.O. Solar 
Section observers are urged to learn and apply the Mcintosh System. 

In 1938, M. Waldmeier devised what is 
now known as the Zurich Sunspot Classifica
tion of sunspot groups. [Waldmeier 1961] 
This system consists of nine steps or classes, 
lettered A through J, but omitting I. It delin
eates the characteristic evolutionary stages of 
sunspot groups, although not all groups go 
through all classes. Most groups go only part
ly through the sequence and then either re
verse their trend or skip ahead to one of the 
later classes. In general, the greater the area of 
a group, the more asymmetrical will be its 
growth curve. [The last is the graph of the 
group's area over time. Group areas tend to 
increase from class A to J. An idea of the typi
cal appearance of groups of different Zurich 
classes can be got from Figure 28 (p. 12) Ed.] 
A large group will tend to have an asymmetri
cal growth curve, rising rapidly from class A 
toE and then decaying more slowly as it goes 
from E to J, spending the majority of its decay 
time in classes G to J. [Bray and Loughhead 
1979] 

One reason why sunspot classes are sig
nificant is their use for predicting solar flares. 
It has been known for some time that groups 
of classes D, E, and F are the flare-producing 
classes. However, not all such groups produce 
flares, which is a problem for those whose job 
it is to predict flares. Even with the most ac
tive class, F, a forecaster has had but little 
chance of success in predicting the flare prob
ability for any 24-hour period based on Zurich 
Class alone. A new system has been needed 
that takes additional parameters into account. 

Flares are the most energetic events in our 
Solar System. They are eruptions that take 
place in and around sunspot groups, and flares 
release large amounts of energy across most 
of the electromagnetic spectrum. Often they 
are accompanied by the ejection of subatomic 
particles at various speeds, which may impact 
the Earth's upper atmosphere. The electro
magnetic emissions and subatomic particles 
can cause aurorae and disrupt radio communi
cations. Typically, flares last from a few min
utes to as long as four hours, although the ma
jority are from ten to twenty minutes in dura
tion. The more energetic flares tend to be of 
longer duration, especially when observed in 
x-rays. In the white-light and H-a ("Hydrogen 
Light") wavelengths used by most amateurs, 
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the relationship between duration and energy 
output is not quite so clearcut. Flares are best 
seen in monochromatic light such asH-a or in 
the H and K lines of calcium light. Some 
flares are bright enough to be seen even in the 
combined light of the entire spectrum ("white 
light"). 

However, in order for flares to be ob
served and studied by the professional, and 
particularly for white-light flares to be pre
dicted and looked for by the amateur, a reli
able system for classifying sunspot groups is 
needed. Otherwise, an observer would have to 
spend an inordinate amount of time at the tele
scope observing nearly every well-developed 
sunspot group all the time in hopes of seeing 
these elusive events. It would be highly ad
vantageous to be able, on the basis of a few 
parameters, to weed out many of the groups 
less productive of flares. 

In 1966, Patrick Mcintosh of the Space 
Environment Services Center (SESC) of the 
National Oceanic and Atmospheric Adminis
tration (NOAA) introduced a system of sun
spot classification that was an improvement 
over the older Zurich Classification. The new 
classifications consist of three letters. The first 
is the modified Zurich Class. This basically 
retains the old Zurich Class, omitting classes 
G and J, which now are redundant. The 
Modified Zurich Class is used, rather than an 
entirely new classification, so as to be an in
ducement for observers reluctant to convert to 
the new system. The second letter describes 
the Largest Spot in the group; not necessarily 
the leading spot, but the largest spot. The 
third letter assesses the Sunspot Distribution 
within the group. 

In order to understand the Mcintosh 
Classification system further, two terms have 
to be defined [Mcintosh 1984]: 

Unipolar Group--A single spot, or compact 
cluster of spots, with the greatest separation 
between spots being less than 3 heliographic 
degrees. With a Class H group the separation 
is taken to be the distance between the outer 
border of the main spot penumbra and the 
most distant attendant umbra. 

Bipolar Group--Two or more spots forming 
an elongated cluster with a length of 3 or 
more heliographic degrees. If there is a large 



principal spot, then the cluster must be greater 
than 5 degrees in extent in order to be bipolar. 

Figure 28 (p. 12) illustrates the Modified 
Zurich Classes, while Figure 29 (p. 13) shows 
the Largest Spot and the Sunspot Distribution 
categories. The defmitions of these categories 
are as follows, where all degree measures and 
directions are heliographic. [Mcintosh 1984] 
Note that extents are as corrected for fore
shortening: 

MODIFIED ZURICH CLASS--

A--A unipolar group with no penumbra. This 
can be either the early or the final stage in the 
evolution of the group. 

B-- A bipolar group with no penumbrae on any 
spots. 

C--A bipolar group with penumbra on one 
end of the group, usually surrounding the larg
est leader umbrae. 

D--A bipolar group with penumbrae on spots 
at both ends of the group and a length of less 
than 10 degrees. 

E-- A bipolar group with penumbrae on spots 
at both ends of the group and a length of 10 to 
15 degrees. 

F--A bipolar group with penumbrae on spots 
at both ends of the group and a length greater 
than 15 degrees. 

H--A unipolar group with a penumbra, usual
ly the remains from a bipolar group. 

TYPE OF LARGEST SPOT--

x-- No penumbra (for groups of class A or B). 

r--Rudimentary penumbra that usually only 
partially surrounds the largest spot. Such a 
penumbra will be granular rather than fila
mentary, making it appear brighter than a ma
ture penumbra. The width of the penumbra 
will be only a couple to a few granules, and 
the penumbra may be either forming or dis
solving. 

s-- Small, symmetric spot (similar to the old 
Zurich Class J) with a mature, dark, filamen
tary penumbra of circular or elliptical shape 
with a clean sharp border. If there are several 
umbrae in the penumbra, they will form a 
tight cluster mimicking the symmetry of the 
penumbra. The north-south diameter is 2°.5 or 
less. 

a-- Small, asymmetric spot with irregular sur
rounding penumbra and with the umbrae with
in separated. The north-south diameter is 2°.5 
or less. 

h--A large symmetric spot; like types, but the 
north-south diameter is greater than 2°.5. 

k--A large asymmetric spot; like type a, but 
the north-south diameter is greater than 2°.5. 

SUNSPOT DISTRIBUTION--
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x--U nipolar group of Modified Zurich Classes 
A or H (i.e., a solitary spot). 

o--Open distribution with a leader and a fol
lower spot and few or no spots between them. 
Any spots between will be very small umbra! 
spots. 

i--Intermediate distribution where numerous 
umbra! spots lie between the leader and fol
lower spots. 

c--Compact distribution where the area be
tween the leader and the follower spots con
tains many spots with at least one having a 
penumbra. In extreme cases the entire group 
may be enveloped by one complex penumbra. 

Over the last 20 years, the Mcintosh 
Classification System has proven to be a more 
accurate predictor of solar flares than the pre
vious Zurich Classification. Indeed, the new 
system has helped solar astronomers better to 
understand the relationship between solar 
flares and sunspots. Sunspot groups of the 
type that produce solar flares are rare. 
Because of this, it has taken two solar cycles 
of observations to demonstrate the effective
ness of the new system. 

Using the old Zurich Classification, it was 
found that groups of Class F were the most 
likely to produce flares. However, it was fur
ther found that only a 40-percent flare proba
bility for a 24-hour period could be predicted 
on the basis of this parameter alone. With the 
new system, using just the Modified Zurich 
Class F, the probability was improved to 60 
percent. Using just the Largest Spot class of k, 
the 24-hour probability was 40 to 50 percent. 
Were just the Spot Distribution category of c 
used, the flare probability would be up to 70 
percent in a given 24-hour period! However, 
when all three dimensions of this system were 
used, the classes of Fsi, Fki, and Fkc all 
showed a 24-hour probability of up to 100 
percent for production of M Flares, while the 
Mcintosh Class Fkc had a further probability 
of up to 50 percent in producing X Flares! [M 
and X Flares produce intermediate and high 
soft X-ray fluxes respectively. Ed.] This re
sultsurpasses any former method of flare pre
diction, including sunspot areas. [Mcintosh 
1984] 

Observers within the A.L.P.O. Solar Sec
tion are urged to begin using the Mcintosh 
Classification System, especially those ob
servers involved in the detection of white
light flares. Persons doing whole-disk draw
ings are most strongly encouraged to use the 
new system. Other standard procedures need 
to be followed, as laid out in the Handbook 
for the Section. [Hill 1984] These procedures 
are designed to make the observations of the 
Solar Section more closely match those done 
at NOANSESC. Our data may be used by 
NOAA if we can demonstrate competent use 
of this system on a daily basis. There are 
many days when NOANSESC has no white-



light drawings, and some interest has been ex
pressed in using our data to fill this void in the 
future. It is also of critical importance that ob
servers send in either original drawings or 
very clean electrostatic copies. Many of the 
drawings received are covered with spurious 
spots ("Xerox sunspots"), smears, or large, 
dark, charcoal-like smudges. Such drawings 
cannot be used in this condition. 

The Mcintosh Sunspot Classification Sys
tem has demonstrated its effectiveness as a 
tool in the search for solar flares and in under
standing the buildup, storage, and dissipation 
of energy in a flare. Amateur solar astrono
mers who want to make their observations of 
the most use to professional researchers 
should adopt this system as soon as possible. 
Observations should then be submitted to the 
Solar Section because we are now making all 
observations available to these researchers. In 

this way, the amateur astronomer can enjoy 
the esthetic endeavor of observing the ever
changing solar features while still making a 
lasting and valuable contribution to science. 
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PHOTOELECTRIC PHOTOMETRY OF THE MUTUAL EVENTS 
OF THE GALILEAN SATELLITES IN 1985 

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

ABSTRACT 

This report analyzes 30 amateur photoelectric observations of 25 separate mutual events, 
both eclipses and occultations, involving the Galilean Satellites of Jupiter in 1985. Parabolic 
least-squares regression fits to the observed light curves were used to determine the amount 
and time of maximum light loss. The maximum light losses were in reasonable agreement 
with the Aksnes and Franklin predictions. Small but statistically significant differences be
tween the observed times and the times predicted by Aksnes and Franklin and Gregorio were 
found for most events. As compared with Io, Europa tended to be about 29±2 seconds, and 
Ganymede about 26±6 seconds, "ahead" in its orbital motion. 

INTRODUCTION 

Every six years the Sun and the Earth pass 
through the orbital planes of Jupiter's Galilean 
Satellites, as occurred in 1985-86. During this 
period these satellites eclipse each other and, 
as seen from Earth, also occult each other. 
Such events produce a light loss, either of the 
eclipsed satellite for an eclipse, or of the com
bined light of the two satellites involved for 
an occultation. Photoelectric measures of 
these phenomena, conducted frequently 
throughout each event, give us two items of 
information about the satellites' orbits. First, 
the maximum amount of light loss is a func
tion of the orbital latitudes of the satellites. 
Second, the time of greatest light loss is a 
function of the orbital longitudes. 

Two sets of predictions were supplied to 
this writer, one by FredA. Franklin (Harvard
Smithsonian Center for Astrophysics) and 
Kaare Aksnes (Norwegian Defence Research 
Establishment) [3], and the other by Professor 
Paolo Gregorio of the Politecnico di Torino, 
Italy [ 4]. Both sets were ultimately based 
upon the "E-2" model of these satellites' mo
tions, developed by Jay Lieske of the Jet 
Propulsion Laboratory. Not surprisingly, there 
was good agreement between the two sets of 
predictions. Of the 300 events total, most 
were common to both sets, although Franklin 
and Aksnes predicted 7 events not in the 
Gregorio listing and Gregorio listed 17 events 
that were not predicted by Franklin and 
Aksnes. There were 143 mutual occultations 
predicted (47.7 percent) and 157 eclipses 
(52.3 percent). [8] The chronology of this mu
tual event observing season was: 

Conjunction .................... 1985 JAN 15 
First Mutual Event........ FEB 04 
Opposition (8= -18°.0).. AUG 04 
Jovicentric latitude of 

Sun= 0°.0 ................ OCT 01 
Jovicentric latitude of 

Earth = 0°.0 ............ DEC 23 
Conjunction .................... 1986 FEB 18 
Last Mutual Event......... APR 20 
Opposition (8 = -6°.2)..... SEP 11 
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The timing of Jupiter's conjunction with 
the Sun in early 1986 meant that events after 
November, 1985, were difficult to observe 
and the events reported here fell between May 
and November, 1985. The declination of 
Jupiter was negative during this period, favor
ing observers in the Earth's Southern 
Hemisphere. 

METHOD OF 0BSERV A TION 

This report analyzes 12 photoelectric ob
servations by Thomas Langhans [5], 7 by B. 
Adcock et al. [1], 7 by John E. Westfall, and 4 
by Henk J. J. Bulder [2]. The 30 observations 
were equally divided between occultations 
and eclipses. Of the above sets, those of 
Langhans and Westfall are the most complete
ly documented and are thus reported in the 
most detail here. At least one other amateur 
observer, F.J. Melillo, made photoelectric tim
ings which are not analyzed here. [7] 

Langhans employed a 36-cm. Schmidt
Cassegrain telescope, using an Optec SSP-3 
photometer with a V filter and a 40 arc-second 
photometer aperture. Westfall used a 25-cm. 
Cassegrain and an Optec SSP photometer with 
a V filter and a 25 arc-second aperture. Both 
observers input their photometer readings, and 
their times, continuously into computers; 
Langhans used a Comrnodore-64 with a 2-sec
ond integration time, while Westfall used an 
Apple lie and averaged 16 "fast" readings for 
a 0.912-second interval. Thus they both accu
mulated lengthy series of readings in each ob
serving session, the number ranging from 264 
to 1921. 

Bulder, using a 30-cm. Newtonian, appar
ently made individual readings, ranging from 
15 to 36 for each event; his mean spacing of 
readings varied from 27 to 72 seconds. 
Adcock eta/. used a Gencom Starlight 1 pho
tometer and both a 20-cm. Schmidt 
Cassegrain and a 31.5-cm. Schiefspiegler. 
They employed a guide telescope, and used a 
26 arc-second aperture throughout. Judging by 
a diagram of theirs, they made individual 
readings at intervals of about 30 seconds. 



One serious problem was keeping a satel
lite in the photometer aperture for an entire 
event, a period ranging from 9 to 29 minutes. 
Another difficulty was in measuring and cor
recting for the scattered light from Jupiter. 
Indeed, no one attempted to measure an event 
closer to Jupiter than about 2. 8 of its radii. 
Because the background light varied with dis
tance from the planet, it was necessary, not 
only to keep the satellite within the aperture, 
but also to keep the aperture a constant dis
tance from the planet. Langhans guided 
throughout using a guide telescope. Westfall 
began by frequently inspecting the field (and 
thus interrupting the series of readings) but 
later began guiding as well. 

Naturally, both satellites had to be kept 
consistently in the photometer aperture in the 
case of an occultation. Near opposition, when 
the two satellites appeared close together, this 
was also necessary in the case of eclipses. 

For occultations, it was also desirable to 
measure the ratio of brightness between the 
two satellites involved. However, this was not 
possible if the relative motion of the two bod
ies was so slow as to keep them within the 
same photometer aperture for several hours. 

METHOD OF ANALYSIS 

One method of analysis was simply to 
graph photometer readings versus time. This 
method was used by Adcock et al. and Bulder 
and is quite reasonable, given no more than a 
few dozen readings. Although somewhat sub
jective, the time of maximum light loss can 
be estimated to within perhaps 10 seconds at 
best. However, given even an approximate 
mid-event time, the amount of light loss can 
be estimated accurately because the light 
curve is changing very slowly at that time. 

Given their large numbers of readings, 
Langhans and Westfall stored their data on 
computer diskettes and subsequently analyzed 
them statistically. In some cases, readings 
were automatically plotted so that intervals of 
faulty data caused by aperture drift could be 
identified and eliminated. Two sample light 
curves are plotted as Figure 30 and Figure 31 
on p. 17. 

The analysis program performed a sec
ond-order (parabolic) least-squares regression 
analysis in two stages (maximum light loss, 
followed by time of maximum light loss; the 
last omitting excessively small readings) on a 
subset of the readings, selected so as to be ap
proximately centered on the time of minimum 
light. The output included the residual from 
each reading, the time of minimum light, the 
minimum-light reading, and the 1-cr standard 
error of the last two values. When the mini
mum-light reading was subtracted from the 
mean of readings before and/or after the 
event, the amount of light loss could be found. 
, The conditions and results of each of the 
30 sets of observations are given in Table 3 
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(pp. 18-22). In that table, the top line, "Event 
Type," gives, first, the number of the eclipsing 
or occulting satellite. Next is "Ec" for an 
eclipse, or "Oc" for an occultation. The third 
item is the number of the eclipsed or occulted 
satellite: where 1 indicates lo; 2, Europa; 3, 
Ganymede; and 4, Callisto. Fourth, "A" 
stands for an annular event, "P" for partial, 
and "T' for total. Distances from Jupiter are 
in units of its equatorial radius. "n.a." means 
"not available." It is hoped that the other 
items in Table 3 are self-explanatory. All "±" 
values are 1-cr standard errors; if the uncer
tainty range is asymmetric, both tails are 
given in brackets. Residuals are given in the 
sense of observed minus predicted. All times 
are given in U.T.; the Gregorio ephemerides 
were in E.T. and were converted using a value 
of t.t of +55 seconds. Note also that complete 
data are available only for the 19 Langhans 
and Westfall observations. 

One indication of the accuracy of the ob
servations is the formal standard errors of the 
estimated times of minimum light. For 
Langhans these ranged from ±0.5 to ±29.1 
seconds, with a median of ±6.8 seconds. The 
same values for Westfall were ±2.5 to ±24.6 
seconds, with a median of ±5.8 seconds. 
Naturally, the formal statistical error is only a 
lower limit on the possible error. Fortunately, 
Langhans and Westfall simultaneously ob
served five events, and comparing their inde
pendent results gives a better idea of the actu
al uncertainties. This is shown in Table 1 
below, where "Difference" is the Langhans 
time minus the Westfall time and the light loss 
is that predicted by Aksnes and Franklin. 

Table 1. Time Differences between 
Langhans and Westfall Observations. 

Obs. Light Time 
~ Eyent Type & Date ~ Difference 

1,2 
3,4 
5,6 
8,9 
16,17 

2 Oc 4 P, 5/30/85 
3 Oc 2 T, 6/10/85 
4 Oc 1 P, 7/10/85 
1 Oc 3 P, 8/03/85 
1 Ec 2 P, 10/16/85 

% seconds 
14 + 19.2±32.3 
36 -0.8± 4.7 
67 -3.6±3.6 
11 -33.4±7 .2 
69 -10.4±4.2 

The time differences tend to be larger for 
the estimates with the larger uncertainties, 
which in turn are larger for the shallower 
events with relatively small amounts of light 
loss. Only the last two differences are statisti
cally significant. 

The differences in measured maximum 
light loss are also available for the five events 
listed in Table 1. In chronological order, the 
(Langhans minus Westfall) maximum light
loss differences, in percent, were: + 1.3±4.2, 
+0.4±0.8, -8.8±3.7, +4.8±1.8, and -15.5±3.8. 
The mean difference was -3.6 percent, and the 
mean absolute difference was ±6.2 percent. 



CONCLUSIONS 

To a limited extent, the observations allow 
one to estimate the errors of the predictions, in 
terms of the relative positions of pairs of satel
lites. This discussion deals only with the 
Franklin-Aksnes ephemeris, as their predic
tions received greater circulation than did 
Gregorio's. For most events, the time differ
ences between the two ephemerides were 
small, with a median (Aksnes-Franklin minus 
Gregorio) difference of -0.27 minutes for 
event beginnings and +0.02 minutes for event 
endings. The first step in estimating the errors 
of the predictions is to select events that in
volve particular satellite pairs. Assuming that 
one satellite is consistently either "ahead" or 
"behind" the other in terms of its ephemeris 
residual, the residual is multiplied by + 1 if the 
lower-numbered satellite is the occulter or the 
eclipser, and by -1 if the lower-numbered sat
ellite is the occulted or the eclipsed. Then the 
residuals involving particular pairs of satel
lites are averaged, excluding any residuals 
that appear to deviate excessively from the 
others. 

For events involving Io and Europa, six 
observations were averaged (Nos. 12, 16, 17, 
21, 23, and 29; No. 11 was excluded). For 
events involving Io and Ganymede, six obser
vations were used (Nos. 7, 8, 9, 10, 15, and 
30; Nos. 13 and 27 were excluded). For events 
involving Europa and Ganymede, four obser
vations were used (Nos. 3, 4, 25, and 26; No. 
20 was excluded). Then, taking Io as a stan
dard, the mean time residuals are shown in 
Table 2 below. 

Table 2. Mean Time Residuals for 
Europa and Ganymede Relative to Io. 

Io................. 0.0 sec. 
Europa ...••••• -29.2±2.4 sec. (based on Io) 

-14.0±3.8 sec. (based on 
Ganymede) 

Ganymede •• -26.2±5.6 sec. (based on lo) 
-11.0±6.3 sec. (based on 

Europa) 

The results for the inner three Galilean 
satellites are inconsistent by about 15 seconds, 
which this writer thinks is a result of system
atic errors in the observations. Callisto's in
consistencies are fairly large. Two observa
tions (Nos. 5 and 6) gave the mean Io-Callisto 
residual as -44 seconds. Four observations 
(Nos. 1, 2, 22, and 24; Nos. 14, 19, and 28 
were excluded) gave the mean Europa
Callisto residual as -47 seconds. One observa
tion (No. 18) gave the Ganymede-Callisto re
sidual as + 107 seconds. These results for 
Callisto are clearly not compatible with those 
for lo, Europa, and Ganymede. 
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Only the Aksnes-Franklin predictions give 
predicted maximum light losses. These were 
compared with the 26 observations that re
ported maximum light losses, giving a mean 
(Observed minus Computed) residual as +3.2 
percent, and a mean absolute residual of ±7.5 
percent. In 16 cases, the observed light loss 
was greater than that predicted; in 9 cases it 
was less, and there was no difference in one 
case: 

Overall, our observations appear compara
ble to the photoelectric results of Marcialis, 
who reported that his observations agreed 
with the Aksnes-Franklin predictions within 5 
percent of maximum light loss and 30 seconds 
of time. [6] 

To conclude, our photometric results ap
pear to be consistent and to give useful infor
mation about the orbital positions of the 
Galilean Satellites. They show that amateurs 
with modest equipment can make scientific 
contributions. We wish to thank those observ
ers who submitted the data used in this report. 
Mutual Galilean Satellite phenomena will 
recur in 1990-91, under conditions favorable 
for Northern-Hemisphere observers, and pre
dictions of them will be given in the AL.P.O. 
Solar System Ephemeris. We hope that more 
observers will be interested in, and suitably 
equipped for, such observations when this 
next opportunity occurs. 
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Figure 30. Photoelectric measures by Westfall of the partial occultation of Callisto by Europa 
on 1985 MAY 30. The vertical scale is in relative units. The horizontal scale represents time 
in seconds after llh 07m 51.9s U.T. A typical "shallow"event with a 12.7-percent light loss. 
Note that the satellites drifted out of the photometer aperture at about 2320 seconds. 
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Figure 31. Photoelectric measures by Westfall of the total occultation of Europa by 
Ganymede on 1985 ruN 10. The vertical scale is in relative units. The horizontal scale repre
sents time in seconds after 09h 08m 00.9s U.T. A fairly "deep"event with a 38.6-percent light 
loss. 
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Table 3. Summary of Photoelectric Observations of the 
Mutual Phenomena of the Galilean Satellites in 1985. 

------------------------------·······-·············································································· 
Event Number and Type (1) 2 Oc 4 P (2) 2 Oc 4 P (3) 3 Oc 2 T 
U.T. Date 1985MAY 30 1985MAY 30 1985JUN 10 
Distance from Jupiter 3.6 radii 3.6 radii 7.8 radii 

Observer Langhans Westfall Langhans 
Telescope Aperture 35.6cm. 25.4cm. 35.6cm. 
Photometer Aperture 40". 25". 40". 
Photometer Filter v v v 
Observing Period (U.T.) 10:28:03-10:56:30 10:28:10-10:52:25 10:06:21-10:20:03 
Number of Readings 822 1596 397 

Brit:hlDI:S5 Bali!! 
Satellites n.a. 2:4 3:2 
Ratio n.a. 1.610±.124 1.507±.048 
Magnitude Difference n.a. 0.52±.09 0.45±.03 

B~:er~:::~sigo R~:::~ulls 
U.T. Range Used 10:34:00-10:44:00 10:31:12-10:42:28 10:11:18-10:15:17 
Light Loss 14.0±3.4% 12.7±2.4% 39.0±0.4 
Readings Used 288 748 116 
U.T. of Minimum Light 10:38:37 .0±29.1 10:38:17 .8±14.0 10:13:30.4±3.1 
Readings Used 154 460 99 

f[~:dis:t~:d Yalu~:::~ 
Aksnes/Franklin U.T. 10:39.0 10:39.0 10:13.3 
Aksnes/Franklin Light Loss 14% 14% 36% 
Gregorio U.T. 10:39:33 10:39:33 10:12:23 

B~:siduals (Qbs, • f[l:dis:t~:dl 
Aksnes/Franklin Time -23 sec. -42 sec. +12 sec. 
Aksnes/Franklin Light Loss 0.0% -1.3% +3.0% 
Gregorio Time -56 sec. -75 sec . +67 sec. ..................................................................................................................... 
Event Number and Type (4) 3 Oc 2 T (5) 4 Oc 1 P (6) 4 Oc 1 P 
U.T. Date 1985 JUN 10 1985JUL 10 1985 JUL 10 
Distance from Jupiter 7.8 radii 2.8 radii 2.8 radii 

Observer Westfall Langhans Westfall 
Telescope Aperture 25.4 em. 35.6 em. 25.4 em. 
Photometer Aperture 25". 40". 25". 
Photometer Filter v v v 
Observing Period (U.T.) 10:07:14-10:18:05 09:31:40-09:42:51 09:31:46-09:41:26 
Number of Readings 717 324 638 

Btit:blDI:SS Batig 
Satellites 3:2 1:4 1:4 
Ratio 1.611±.015 2.426±1.186 2.193±.152 
Magnitude Difference 0.52±.01 0.96[+.43/-.73] 0.85±.08 

BI:I:[I:S5iWl B~:Sulls 
U.T. Range Used 10:11:26-10:15:30 09:36:00-09:38:30 09:36:15-09:38:30 
Light Loss 38.6±0.7% 57.6±2.3% 66.4±2.9% 
Readings Used 269 73 139 
U.T. of Minimum Light 10:13:31.2±3.5 09:37:17.5±2.6 09:37:21.1±2.5 
Readings Used 226 60 117 

f[l:dis:t~:d Yalu~:s 
Aksnes/Franklin U.T. 10:13.3 09:36.6 09:36.6 
Aksnes/Franklin Light Loss 36% 67% 67% 
Gregorio U.T. 10:12:23 09:36:42 09:36:42 

B.esii!Yi!IS (Q!!s, • P~:~:dicted} 
Aksnes/Franklin Time +13 St;C. +42 sec. +45 sec. 
Aksnes/Franklin Light Loss +2.6% -9.4% -0.6% 
Gregorio Time +68 sec. +36 sec . +39 sec. ..................................................................................................................... 
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Table 3--Continued. 

............................................................................................................................................................................................................................... 
Event Number and Type (7)10c3P (8) 1 Oc 3 P (9) 1 Oc 3 P 
U.T. Date 1985 JUL 27 1985 AUG 03 1985 AUG 03 
Distance from Jupiter 3.2 radii 3.7 radii 3.7 radii 

Observer Langhans Langhans Westfall 
Telescope Aperture 35.6 em. 35.6 em. 25.4 em. 
Photometer Aperture 40". 40". 25". 
Photometer Filter v v v 
Observing Period (U.T.) 05:12:59-05:21:57 07:36:08-07:45:50 07:36:21-07:45:37 
Number of Readings 264 286 608 

Bri~:htns::i:ii Ratio 
Satellites 3:1 3:1 3:1 
Ratio 1.032±.074 1.313±.214 1.479±.017 
Magnitude Difference 0.03±.08 0.30[ +.16/-.20] 0.42±.01 

B.!:!:rl::ii:iiion R!::i!Uil:ii 
U.T. Range Used 05:16:20-05:18:59 07:39:30-07:42:50 07:39:46-07:42:15 
Light Loss 12.9±1.4% 17.6±1.8% 12.8±0.4% 
Readings Used 73 98 153 
U.T. of Minimum Light 05:18:01.3±8.8 07:41: 11.0±4.2 07:41:44.4±5.8 
Readings Used 52 81 104 

f[!:!:lis:ts:d Yalus::ii 
Aksnes/Franklin U.T. 05:17.5 07:41.0 07:41.0 
Aksnes/Franklin Light Loss 12% 11% 11% 
Gregorio U.T. 05:18:06 07:41:39 07:41:39 

R~;::iiidual5 (Q!Js, - Predicted} 
Aksnes/Franklin Time +31 sec. +11 sec. +44 sec. 
Aksnes/Franklin Light Loss +0.9% +6.6% +1.8% 
Gregorio Time -5 sec. -28 sec. +5 sec. 
------------------------------------------------------·-----------------------.. ·------------------------··--·-------
Event Number and Type (10) 1 Oc 3 P (11)1 Ec 2 P (12) 1 Ec 2 P 
U.T. Date 1985 AUG 10 1985 AUG 27 1985 SEP 21 
Distance from Jupiter 4.2 radii 5.0 radii 7.0 radii 

Observer Langhans Westfall Langhans 
Telescope Aperture 35.6 em. 25.4 em. 35.6cm. 
Photometer Aperture 40". 25". 40". 
Photometer Filter v v v 
Observing Period (U.T.) 10:02:01-10:13:04 05:45:53-06:14:59 05:57:10-06:10:42 
Number of Readings 324 1921 399 

Bri~:htnl::iili Ratio 
Satellites 3:1 1:2 n.a. 
Ratio 1.453±.222 1.972±.166 n.a. 
Magnitude Difference 0.41[+.15/-.18] 0.74[ +.09/-.10] n.a. 

B!:I:[I:Siiioo Rs:5utt:~ 
U.T. Range Used 10:05:01-10:07:59 05:53:15-06:07:34 06:02:00-06:04:59 
Light Loss 19.8±2.9% 9.9±6.8% 94.8±4.8% 
Readings Used 88 775 89 
U.T. of Minimum Light 10:06:40.6±5.5 06:07:42.6±24.6 06:03:22.3±0.7 
Readings Used 72 425 79 

f[!:!:lis:ts:!:l Yatus::~ 
Aksnes/Franklin U.T. 10:06.1 06:00.5 06:02.9 
Aksnes/Franklin Light Loss 10% 4% 85% 
Gregorio U.T. 10:06:52 n.a. 06:02:51 

Rs:5idual:~ (Qb5. - f[!:!:lis:ts:dl 
Aksnes/Franklin Time +35 sec. +433 sec. +28 sec. 
Aksnes/Franklin Light Loss +9.8% +5.9% +9.8% 
Gregorio Time -11 sec. n.a. +31 sec. 
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Table 3--Continued . 

................................................................................................................................................................................................................ 
Event Number and Type (13) 1 Oc 3 P (14) 2 Ec 4 P (15) 1 Ec 3 P 
U.T. Date 1985 SEP 22 1985 SEP 23 1985 SEP 23 
Distance from Jupiter 5.8 radii 3.3 radii 7.2 radii 

Observer Langhans Langhans Langhans 
Telescope Aperture 35.6 em. 35.6 em. 35.6 em. 
Photometer Aperture 40". 40". 40". 
Photometer Filter v v v 
Observing Period (U.T.) 03:11:23-03:28:28 03:10:31-03:23:45 03:52:4 7-04:02:24 
Number of Readings 506 392 285 

Bri~:btni:55 Ratio 
Satellites 3:1 n.a. n.a. 
Ratio 1.593±.049 n.a. n.a. 
Magnitude Difference 0.51±.04 n.a. n.a. 

Ri:l:l:i:::i~ion B.i:~l.llt5 
U.T. Range Used 03:17:51-03:23:00 03:16:51-03:19:50 03:56:00-03:58:59 
Light Loss 6.4±1.0% 23.7±7.7% 4.3±0.4% 
Readings Used 153 89 89 
U.T. of Minimum Light 03:21:47.3±15.2 03:18:20.7±5.9 03:57:57.1±7.8 
Readings Used 84 67 67 

Pri:di~ti:d .Yall!i:5 
Aksnes/Franklin U.T. 03:19.2 03:17.35 03:57.5 
Aksnes/Franklin Light Loss 7% 24% 6% 
Gregorio U.T. 03:20:35 03:19:50 03:57:17 

Residuals {Obs. • Predicted} 
Aksnes/Franklin Time + 155 sec. +60 sec. +27 sec. 
Aksnes/Franklin Light Loss -0.6% -0.3% -1.7% 
Gregorio Time +72 sec. -89 sec. +40 sec . 
.......................................................................................................................................................................................................................................... 
Event Number and Type (16) 1 Ec 2 P (17) 1 Ec 2 P (18) 3 Ec 4 P 
U.T. Date 1985 OCT 16 1985 OCT 16 1985 OCT 26 
Distance from Jupiter 7.0 radii 7.0 radii 7.5 radii 

Observer Langhans Westfall Westfall 
Telescope Aperture 35.6 em. 25.4 em. 25.4 em. 
Photometer Aperture 40". 25". 25". 
Photometer Filter v v v 
Observing Period (U.T.) 02:38:56-02:51:56 02:39:04-02:51:10 02:41:04-03:04:01 
Number of Readings 395 797 1511 

Bri~:htni:55 Ratio 
Satellites n.a. n.a. n.a. 
Ratio n.a. n.a. n.a. 
Magnitude Difference n.a. n.a. n.a. 

Rc~:ri::z::iion Ri:sult::~ 
U.T. Range Used 02:44:14-02:46:30 02:44:34-02:46:09 02:49:07-02:53:06 
Light Loss 81.0±0.3% 96.5±3.8% 39.5±3.2% 
Readings Used 69 106 181 
U.T. of Minimum Light 02:45: 16.7±0.5 02:45:27 .1±4.2 02:52:07 .8±7 .9 
Readings Used 69 73 126 

fri:di~ti:d Yallli:l:i 
Aksnes/Franklin U.T. 02:44.9 02:44.9 02:50.35 
Aksnes/Franklin Light Loss 69% 69% 25% 
Gregorio U.T. 02:44:58 02:44:58 02:54:21 

Ri::~iduai::~ (QIJ:~, • f[i:di~ti:dl 
Aksnes/Franklin Time +23 sec. +33 sec. +107 sec. 
Aksnes/Franklin Light Loss +12.0% +27.5% +14.5% 
Gregorio Time +19sec. +29 sec. -133 sec. 
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Table 3--Continued . 

................................................................................................................................................................................................................................ 
Event Number and Type (19) 2 Ec 4 P (20) 3 Oc2 P (21) 1 Ec 2 P 
U.T. Date 1985 NOV 14 1985 AUG 27 1985 SEP 07 
Distance from Jupiter 13.8 radii 9.4 radii 6.6 radii 

Observer Langhans Bulder Bulder 
Telescope Aperture 35.6 em. 30cm. 30cm. 
Photometer Aperture 40" n.a. n.a. 
Photometer Filter v n.a. n.a. 
Observing Period (U.T.) 02:31:00-02:58:20 19:28-19:48 00:22-00:40 
Number of Readings 814 25 15 

Bri&:hln!:§::i RD1i!J 
Satellites n.a. n.a. n.a. 
Ratio n.a. n.a. n.a. 
Magnitude Difference n.a. n.a. n.a. 

B.!:2[1:55i!Jn R~:sults (Note: Reg,ression not used [or Observations 20-30! 
U.T. Range Used 02:43:00-02:47:00 n.a. n.a. 
Light Loss 8.8±0.3% n.a. n.a. 
Readings Used 121 n.a. n.a. 
U.T. of Minimum Light 02:45:35.8±11.6 19:38: 16±10 00:29:32±15 
Readings Used 78 n.a. n.a. 

f[!:dis;t~:!i YDIU!:5 
Aksnes/Franklin U.T. 02:44.4 19:37.15 00:29.15 
Aksnes/Franklin Light Loss 37% 18% 59% 
Gregorio U.T. 02:42:33 19:35:28 00:29:00 

Residual§ {Qbs. - Predicted} 
Aksnes/Franklin Time +72 sec. +67 sec. +23 sec. 
Aksnes/Franklin Light Loss -28.2% n.a. n.a. 
Gregorio Time +183 sec. +168 sec. +32 sec . 
....................................................................................................................................................................................................................................... 
Event Number and Type (22) 4 Ec 2 A (23) 1 Ec 2 P (24) 4 Oc 2 T 
U.T. Date 1985 OCT 01 1985 OCT 26 1985 JUL 26 
Distance from Jupiter 5.6 radii 6.8 radii 7.4 radii 

Observer Bulder Bulder Adcock et al. 
Telescope Aperture 30cm. 30cm. 31.5 em. 
Photometer Aperture n.a. n.a. 26". 
Photometer Filter n.a. n.a. n.a. 
Observing Period (U.T.) 18:54-19:13 18:14-18:26 n.a. 
Number of Readings 36 27 n.a. 

Bri&:hln~:ss RDti!J 
Satellites n.a. n.a. n.a. 
Ratio n.a. n.a. n.a. 
Magnitude Difference n.a. n.a. n.a . 

.Rwl!.t::i. 
U.T. Range Used n.a. n.a. n.a. 
Light Loss n.a. n.a. 75% 
Readings Used n.a. n.a. n.a. 
U.T. of Minimum Light 19:06:45±10 18:20:00±20 12:34:10 
Readings Used n.a. n.a. n.a. 

f[!:dis;t~:!i YDILI!:5 
Aksnes/Franklin U.T. 19:05.65 18:19.5 12:33.2 
Aksnes/Franklin Light Loss 68% 46% 63% 
Gregorio U.T. 19:05:37 18:19:36 12:31:58 

R~:siduDis (Qbs. - fr~:dis;t~:!:ll 
Aksnes/Franklin Time +66 sec. +30 sec. +58 sec. 
Aksnes/Franklin Light Loss n.a. n.a. +12% 
Gregorio Time +68 sec. +24 sec. +132 sec. 
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Table 3--Continued . 

.............................................................................................................................................................. 
Event Number and Type (25) 3 Oc 2 P (26) 3 Oc 2 P (27) 3 Ec 1 A 
U.T. Date 1985 AUG 13 1985 AUG 20 1985 OCT 10 
Distance from Jupiter 9.3 radii 9.4 radii 4.2 radii 

Observer Adcock et al. Adcock et al. Adcock et al. 
Telescope Aperture 31.5 em. 20.0cm. 20.0cm. 

Photometer Aperture 26". 26". 26". 
Photometer Filter n.a. n.a. n.a. 
Observing Period (U.T.) n.a. n.a. n.a. 
Number of Readings n.a. n.a. n.a. 

Bd2blDi:55 B11li!! 
Satellites n.a. n.a. n.a. 
Ratio n.a. n.a. n.a. 
Magnitude Difference n.a . n.a. n.a. 

.Rwl!i5. 
U.T. Range Used n.a. n.a. n.a. 
Light Loss 28% 27% 88% 
Readings Used n.a. n.a. n.a. 
U.T. of Minimum Light 13:13:30 16:22:-- 10:33:30 
Readings Used n.a. n.a. n.a. 

f[l:di!i:ts:d Yllllll:5 
Aksnes/Franklin U.T. 13:13.3 16:21.6 10:33.25 
Aksnes/Franklin Light Loss 21% 20% 96% 
Gregorio U.T. 12:11:50 16:20:01 10:33:14 

Bs:sidu111s (Ql!s. - frs:d.h:ts:dl 
Aksnes/Franklin Time +12 sec. +24 sec. +15 sec. 
Aksnes/Franklin Light Loss +7% +7% -8% 
Gregorio Time +160 sec. +119 sec. +16 sec. 
---------···-----------------------------------------------------------------------------------··--·--·-----------·-
Event Number and Type (28) 2 Ec 4 P (29) 1 Ec 2 P (30) 1 Ec 3 A 
U.T. Date 1985 OCT 10 1985 OCT 12 1985 OCT 14 
Distance from Jupiter 3.4 radii 7.0 radii 6.0 radii 

Observer Adcock et al. Adcock et al. Adcock et al. 
Telescope Aperture 20.0cm. 20.0cm. 20.0cm. 
Photometer Aperture 26". 26". 26". 
Photometer Filter n.a. n.a. n.a. 
Observing Period (U.T) n.a. n.a. n.a •. 
Number of Readings n.a. n.a. n.a. 

Bri2blDt55 Billig 
Satellites n.a. n.a. n.a. 
Ratio n.a. n.a. n.a. 
Magnitude Difference n.a . n.a. n.a. 

.Bwll.t5. 
U.T. Range Used n.a. n.a. n.a. 
Light Loss 37% 91% 34% 
Readings Used n.a. n.a. n.a. 
U.T. of Minimum Light 11:54:20 13:33:20 12:42:15 
Readings Used n.a. n.a. n.a. 

f[l:di~;;t!i:d YIIIUI:5 
Aksnes/Franklin U.T. 11:51.75 13:32.7 12:42.1 
Aksnes/Franklin Light Loss 32% 77% 39% 
Gregorio U.T. 11:52:46 13:32:49 12:42:02 

Residuals (QI!5, - Pr~:dict~:d} 
Aksnes/Franklin Time +155 sec. +38 sec. +9 sec. 
Aksnes/Franklin Light Loss +5% +14% -5% 
Gregorio Time +94 sec. +31 sec. +13 sec. 
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OBSERVING LUNAR DOMES 

By: Harry D. Jamieson 

In 1987 the A.L.P.O. Lunar Section revived the "Lunar Dome Survey." This Survey con
firms previously suspected domes, identifies uncatalogued domes, and measures and identi
fies dome characteristics. This is one research area where amateurs can contribute to our 
knowledge of the lunar surface. This paper describes the source material needed and the 
types of observations that can be made of these low~lying features. A dome classification 
system is outlined. Interested observers are invited to write Lunar Recorder Jim Phillips to 
find out more about, and to participate in, this program. 

Domes are low swellings on the lunar sur
face that are similar to many shield volcanoes 
found on the Earth and Mars, and a detailed 
knowledge of their placement and physical 
characteristics can be of considerable value to 
selenologists in unraveling the history of the 
Moon. In 1962, the A.L.P.O. Lunar Section 
began a study of these features that lasted 
some 14 years and produced an incomplete 
listing of about 600 possible domes. The 
project's aim was to classify and describe 
these features while continuing to discover ad
ditional ones. However, interest in lunar ob
serving waned and the program went into a 
period of inactivity until 1987. At that time, 
Dr. Jim Phillips, the present director of the 
program, John Westfall, A.L.P.O. Director, 
and myself decided to try to revitalize the pro
gram. The response has been very encourag-
ing. 

Persons interested in observing domes can 
make a real contribution to our knowledge of 
the lunar surface. The observations needed are 
not difficult to make, and no special equip
ment is needed. However, observers should be 
aware of the fact that domes tend to blend into 
their surroundings when they are more than 8° 
or 10° from the terminator. Thus, individual 
domes are usually visible only during a 16- to 
18-hour period after lunar sunrise and also be
fore lunar sunset each month. 

Participants having access to professional
quality lunar charts with have few problems in 
locating domes from their coordinates, and 
such charts can help in efforts to improve 
dome positions. This writer recommends the 
LAC charts, the Rectified Lunar Atlas, or per
haps the Times Atlas of the Moon. Those hav
ing copies of the old Orthographic Atlas of 
the Moon will find it more than adequate. 
[Another recommended set of charts is the 
Lunar Outline Charts produced by the Lunar 
and Planetary Laboratory of the University of 
Arizona. Ed.] It is also very useful, although 
not absolutely required, to have a current 
ephemeris. The Astronomical Almanac is 
available from several sources, and the 
AL.P.O. Solar System Ephemeris can be ob
tained from the A.L.P.O. (P.O. Box 16131, 
San Francisco, CA 94116) for $6.00 in the 
United States, Canada, and Mexico, or $8.50 
for other countries. 
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The types of observations that are needed 
are simple to make: 

1. Position. You will be given each dome's 
position, but you should seek to reconfirm it. 
Many infrequently observed domes have in
correct positions. 

2. Diameter. A dome's size is measured in re
lation to a nearby crater of known diameter. 
This may be done by an eyepiece reticle or 
micrometer, or simply estimated by eye. 

3. Average Slope Angle and Height. The 
moment at which a dome appears to be one
quarter covered by black (not gray) shadow is 
a very important time which should be noted 
carefully. It is at this time alone that the aver
age slope angle and height can be computed 
because the Sun's altitude over the dome at 
that moment can be taken to equal the dome's 
average slope angle. Given this average slope 
and the dome's diameter, its height can be 
found easily. The equations for solar altitude 
and dome height are: 

sin A =sin B sin SB +cos B cos SB sin(C+L), 

where: 

A = elevation of the Sun; 
B = Selenographic latitude of dome (from a 
good chart); 
SB = Selenographic latitude of the Sun (from 
an ephemeris); 
C =Sun's colongitude (from an ephemeris); 
L = Selenographic longitude of dome (from a 
good chart; east, in the direction of Mare 
Crisium, being taken as positive). 

To an acceptable degree of accuracy (i.e., ig
noring the Moon's curvature), the dome's 
height is now simply: 

H =R tan A, 

where; 

H =height of dome (feet or meters); 
R = Radius of dome (feet or meters; from ob
servation type 2 above); 
A =Sun's altitude from the first equation. 

4. Maximum Slope Angle. This value is 
equal to the Sun's altitude when the last trace 
of shadow is observed at the foot of the dome 
in the lunar morning. Note that this determina
tion should also be done in the lunar afternoon 



and that the two values thus found may be dif
ferent. 

5. Dome Classification. In 1964, John 
Westfall devised the dome classification sys
tem that is still in use. [1] Such classification 
is necessary both to analyze statistically the 
characteristics and distribution of domes, and 
eventually to understand their orogeny. The 
full text of his paper is sent to new observers 
who write to Dr. Phillips, but a brief outline of 
the system here will serve to show how simple 
it is to use. The system assumes these basic 
criteria about domes: 

a. A dome is a discrete feature; not part of 
something else. 

b. A dome's ratio of major:minor axes 
(corrected for foreshortening) may not exceed 
2:1; this definition eliminates ridges. 

c. A dome may not have an average slope 
angle that exceeds S0 ; this definition elimi
nates hills and peaks. 

d. No single secondary feature (cleft, cra
ter, etc.) may occupy more than 1/4 of the sur
face area of a dome. 

The classification system itself is de
signed to describe the physical characteristics 
of a dome by means of a combination of let
ters and numbers. A brief outline of this sys
tem is: 

Broad Category: 

D----Dome; 
DC--Dome complex (several domes in 

physical contact; e.g., Riimker). 

Surroundings: 

U -----Uplands; 
W----Maria; 
UW --Uncertain if uplands or maria. 

Plan; Major Axis is: 

1. Less than 5 kilometers; 
2. S to 20 kilometers; 
3. 20 to 35 kilometers; 
4. Over 3S kilometers. 

(Always try to give a more exact size in your 
written notes.) 

Border: 

a. Circular (major:minor axes 1.00-1.25); 
b. Elliptical (major: minor axes 1.26-2.00); 
c. Polygonal; 
d. Irregular; 
e. Too ill-defined to classify. 

Profile--Average Slope: 

5. Gentle (under 2°); 
6. Moderate (2°-S0 ). 

Profile--Cross Section: 

f. Hemispherical; 
g. Flat summit (platykurtic); 
h. Sharp summit (leptokurtic); 
i. Multiple summit (more than one sum-

mit, but of a single type); 
r. Hemispherical--Asymmetric; 
g'. Flat summit--Asymmetric; 
h'. Sharp summit--Asymmetric; 
i'. Complex summit (more than one sum

mit and of different types). 

Surface Detail--Type: 
7. Depression (pit, craterlet, or saucer); 
8. Elevation (hill, ridge, or peak); 
9. Cleft or valley; 
0. No observable detail. 

Surface Detail--Position: 

j. Central; 
k. Off-center; 
m. On margin; 
n. Transversal (crosses dome); 
p. More than one such feature. 
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An example of the system in use would be 
DW/2b/6fl7j9m8p. Translated, this describes: 
A dome on a mare, S to 20 kilometers in di
ameter, elliptical in shape, with an average 
slope angle between 2° and S0 and a hemi
spherical cross section. Its surface contains a 
central depression, a cleft that cuts across its 
margin, and several elevations. 

This classification system describes 
domes only in the most general terms; and 
drawings, photographs, and written descrip
tions are also very valuable and should be in
cluded whenever possible. Any reader inter
ested in participating in our Lunar Dome 
Survey should send a stamped, self-addressed 
envelope to: Jim Phillips, M.D., 101 Bull St., 
Charleston, SC 29401. 

Reference: 

1. Westfall, John E. "A Generic Classification 
of Lunar Domes." J.A.L.P.O., 18, Nos. 1-2 
(July, 1964), 1S-20. 



COMET CORNER 

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

Present Comet Activity 

As of this writing (November 25, 1988), 
there are no bright comets available for obser
vation. However, you can find Periodic Comet 
Tempel 2 as it continues to fade away in the 
evening sky. The brightest returning comet 
of 1989, Periodic Comet Brorsen
Metcalf, which may reach the 5th magnitude 
in September and October, will not be visible 
in amateur instruments until the middle of 
1989. Even a strange comet known for its un
predictable outbursts, Periodic Comet 
Schwassmann-Wachmann 1, remains in the 
solar vicinity until May. Positions for these 
three comets can be found in Assistant 
Comets Recorder Jim Scotti's Comets chapter 
in the 1988 (for Tempel2) and 1989 (Brorsen
Metcalf and Schwassmann-Wachmann 1) edi
tions of the A.L.P.O. Solar System Ephemeris. 

I am seeking your observations, including 
photographs and drawings of comets. We 
presently need more recordings of: Comet 
Bradfield (1987s), Comet Liller (1988a), and 
Periodic Comet Tempel 2 (1987g). Please 
send them to the Comets Recorder (address on 
inside back cover) by February 15, 1989. For 
additional recording forms, along with a set of 
instructions, please write to the Comets 
Recorder. 

Astrophotographers wishing to help in the 
study of the plasma tail of Periodic Comet 
Brorsen-Metcalf, due to appear later in 1989, 
may wish to contact the "International Comet 
Network." This group is asking for large-scale 
photographs of that comet. For details, write 
to: Mr. Andrea Cimatti, Via Volterra 7, 40135 
Bologna, Italy. 

Comet Names 

[The previous Comets Recorder, David H. 
Levy, wrote briefly on this subject in our 
March, 1987, issue ("Comet Notes: IX. The 
Naming of Comets," J.A.L.P.O., 32, Nos. 1-2, 
p. 26); here we go into the subject in more de
tail. Ed.] 

Comets are usually designated with three 
different "names." Perhaps the most popular 
type of label is the discoverer's proper name 
following the word "Comet," such as "Comet 
Smith." First, however, we'll discuss the other 
two types of labels; the year of discovery fol
lowed by a letter, and the year of perihelion 
passage followed by a Roman numeral. 

Immediately following confirmation of 
discovery, every new or returning comet is 
given the year of discovery followed by a let
ter. The first comet of 1988, for example, was 
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"1988a." The second was "1988b," and so 
forth. All the letters are lower case, although 
the twelfth comet of a year sometimes uses a 
capital letter ("L"), or is written in cursive 
(" £'), so as not to confuse the letter "1" with 
the number "1." 

Prior to 1987, the record number of com
ets in any one year was set in 1983, reaching 
the letter "w" with 23 comets. What do we do 
when there are more than 26 comets? The 
Intema- tiona! Astronomical Union, which 
oversees comet designations, has approved the 
use of numbers following the letters, all fol
lowing the year. These numbers would be 
subscripts, in the sequence a1, bl' ... zl' a2, ... ) 
but large numbers (a1, b1, etc.) may be ac
ceptable. This system was needed in 1987, 
when 33 comets were designated, the last one 
being Comet Jensen-Shoemaker, 1987g1. 

Because comets are not given the previ
ous form of designation until after confirma
tion, there is little wastage with this system. 
Only once in the past dozen years has such a 
label been placed on a nonexistent "comet," 
which turned out to be a series of photograph
ic defects. 

On the other hand, some comets never re
ceive this preliminary designation. One case 
consists of those few comets with nearly cir
cular orbits which are therefore always under 
observation. The present list of these includes 
Periodic Comets Gunn, Schwassmann
Wachmann 1, and Smirnova-Chemykh. As 
we refine our observing equipment and follow 
more comets throughout their orbits, this list 
will grow. The other class of comets not re
ceiving letter designations is those found on 
old photographic plates or satellite images 
years after they were actually "observed." 

A final label placed on a comet is usually 
given to it two or three years after initial ob
servation. It is the year in which the comet 
passed perihelion (its closest point to the Sun) 
followed by a Roman numeral designating the 
order, in terms of all comets in that year, in 
which it reached that point. 

For example, the first comet to reach its 
closest point to the Sun in 1985 was Comet 
Tsuchinshan 1, discovered in September of 
the previous year. It is also known as 1984p. 
It will now also be known as 1985 I. The 
comet known as 1985 II was also found in 
1984. Meanwhile, Comet 1985 V was closest 
to the Sun in June, 1985, but was not found by 
Hartley until1986 and was known as 1986c. 

These designations must be given several 
years after initial observation because a comet 
often will be discovered up to a year after 



perihelion passage. Only when all the comets 
reaching perihelion during a particular year 
are known can they be correctly ordered with 
the proper Roman numeral. 

Because we must have an accurate orbit 
to apply this last designation, no false comets 
in modern times carry it. On occasion, howev
er, a comet will be discovered on several old 
photographic plates, from which an orbit is 
computed. It will then be given the next un
used Roman numeral for the year in which it 
reached perihelion, even if it was closest to 
the Sun very early in that year. 

Comets are also designated with proper 
names, usually the name of the discoverer. 
Here, we'll examine the normal situation as 
well as the exceptions to the rules. 

As an example, if Joe Smith visually dis
covers a new comet, upon confirmation it is 
known as "Comet Smith." Smith often has no 
say in what he wants to name it; his name has 
to be used. This prevents the "selling" of com
ets by the discoverers. An exception is made 
if the discoverer has undergone a name 
change, yet had discovered comets under the 
previous name. Then, the discoverer chooses 
between his or her former or later name. 

If, for example, Fred Jones discovers and 
promptly reports this hypothetical comet, then 
it is known as "Comet Smith-Jones." This is 
true only if Jones independently finds the 
comet. If Smith tells Jones where to look and 
Jones then observes it, this is not really an in
dependent discovery. Otherwise, up to three 
names can be applied to a comet, each sepa
rated by a hyphen (-). 

How close in time must the discoveries be 
in order for multiple names to appear on a 
comet? For most comets, the name is estab
lished at the time of confirmation, and for vi
sual discoveries this is within a day of discov
ery. Until a few decades ago, slow communi
cations allowed a new comet to remain uncon
firmed and "co-discoverable" for several days 
or even weeks. 

Of the 44 comets found visually since 
January, 1975, 35 have one name attached, 
three have two names, and six have three 
names. The number of independent discover
ies of each comet provides one indication of 
the world-wide comet-hunting activity. Most 
of the multiple-name comets are found in the 
morning sky and are brighter than the average 
comet. Four of the six triple-name comets 
consist of three Japanese names. 

When a comet is discovered by photo
graphic means, the name is often that of the 
person who found it on the photograph. 
Usually, but not always, this is the person who 
exposed the photograph. If this is another per
son, sometimes both names are affixed to the 
comet. This policy is usually determined by 
the observatory at which the photograph was 
taken. 
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When a periodic comet, whose orbit is 
well-known, is recovered, the recoverer's 
name is not attached to the comet. On the 
other hand, if a previously lost periodic comet 
is accidentally "discovered" by someone who 
was unaware of its existence, their name is 
added to that of the old name, separated by a 
hyphen. In 1978, for example, Fujikawa of 
Japan discovered a comet. It was known as 
"Comet Fujikawa" until the newly computed 
orbital elements showed that it was Comet 
Denning, originally found in 1881 and lost for 
11 revolutions. It is now called "Comet 
Denning-Fujikawa". 

Here are some exceptions to the "rules" of 
naming comets: 

If Smith discovers a comet that proves to 
be periodic (with an orbital period under 200 
years), it is known as "Periodic Comet 
Smith." If he discovers another periodic 
comet, then his first comet becomes "Periodic 
Comet Smith 1" and his second comet be
comes "Periodic Comet Smith 2." 

If a husband-and-wife team discovers a 
comet, are both of their last names used? No, 
they are not. As an example, when Eugene 
and Carolyn Shoemaker find a comet, it is 
simply named "Comet Shoemaker," not 
"Comet Shoemaker-Shoemaker." (Note that 
two of the Shoemaker comets are credited to 
Carolyn alone.) 

A hyphen (-) is used in a comet's name 
only to separate the discoverers. Thus, when 
sometimes the discover has a double name, 
the hyphen is dropped from the comet's name 
in order to show that there was only one dis
coverer. For example, in 1986 Stephen 
Singer-Brewster discovered a comet. It is 
known as "Comet Singer Brewster." 
Somewhat similarly, in 1926 Josep Comas 
Sola [sic] found a short-period comet, now 
known as "Periodic Comet Comas Sola." In 
1968, John Bally-Urban and Patrick Clayton 
jointly found a comet. Bally-Urban dropped 
the last part of his name, so the comet is 
known as "Comet Bally-Clayton." 

George van Biesbroeck's comets are each 
called "Comet van Biesbroeck." Similar treat
ment is given to comets found by Robert van 
Arsdale, H. van Gent, and C. van Routon. 
Sidney van den Bergh's comet is known as 
"Comet van den Bergh." 

Each of D. du Toit's comets are named 
"Comet du Toit," with similar usage for the 
comets found by R. de Kock and Francesco de 
Vico. The famous periodic comet found by 
d' Arrest is called "Periodic Comet d 'Arrest." 

Four comets are named after persons, but 
not their discoverers. These are named after 
those who first calculated their orbits. You 
probably already know of two: Comet Encke 
and Comet Halley. Also, in 1770 Charles 
Messier discovered a comet whose orbit was 
determined by Anders Lexell; it is known as 
"Comet Lexell." Finally, Comet Crommelin 



was once known as "Comet Pons-Coggia
Winnecke-Forbes" before A. Crommelin de
tennined its orbit. 

Then there are some famous comets that 
are not named after people at all: 

Fifteen comets are simply named as 
"Great Comet" [often with the year added, 
Ed.]. Most of these were observed between 
1750 and 1850, appeared as bright naked-eye 
objects, and were first seen by many people at 
one time. 

Some "Great" comets are named after 
months, such as "Great March Comet" (1843), 
"Great June Comet" (1845); and perhaps the 
brightest comet of all, "Great September 
Comet" (1882). The comet in 1910 that ri
valed Halley's was the "Great January 
Comet." 

The comet appearing in the Southern 
Hemisphere in 1947 is known as the 
"Southern Comet." Three others (1865, 1880, 
and 1887) are known as "Great Southern 
Comet." One spotted during a solar eclipse in 
1948 is called the "Eclipse Comet." 

Three comets are named after the Purple 
Mountain Observatory in Nanjing, China, 
where they were found; in Chinese, 
"Tsuchinshan." 

When the SOLWIND satellite found its 
first comet, it was named Comet Howard
Koomen-Michels, after the man who found it 
on the images as well as those who designed 
the instrument. The comet was later unoffi
cially named "Comet SOLWIND 1," which 
was followed by SOL WIND numbers 2 
through 6. The IRAS comets were simply 
named "Comet IRAS," with co-discover 
names added. The Solar Maximum Mission 
Satellite comets are called "SMM," followed 
by a number (1, 2, 3, etc.). 

Since we began naming comets after their 
discoverers 230 years ago until the most re
cent find (1988n), there have been 787 comets 
discovered, confirmed, and named. Some of 
these are periodic comets which have returned 
several times since they were discovered; con
sidering these additional visits there have been 
roughly 1250 cometary apparitions since 
1759. 

Examining these 787 comets, how many 
people have had their name affixed to at least 
one comet? When we subtract the comets 
named after artificial satellites (17), moun
tains (3), and those comets called "Great 
Comet" or something similar, we find 327 in
dividuals with a comet named after them. 
Only 40 percent, or 130 persons, have had 
their names attached to two or more comets 
and 85 have found at least three. A mere 60 
individuals have discovered four or more 
comets. 
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Getting back to these 327 persons, do we 
find any two with the same name? Yes, this 
happens six times. These names each be
longed to two different people; unrelated and 
usually living decades and many miles apart: 
Rtimker, Thiele, Jones, Shajn, Wilson, and 
Mitchell. Amazingly, half of them, the last 
three, belonged to a male and a female, rare in 
a field in which so few women are represent
ed. 

Finally, Table 1, below, lists those who 
have had their names on at least ten comets, 
along with their country of residence and the 
years in which they discovered comets. [Note 
that there is some debate as to the exact num
ber of comets that some of these persons dis
covered. Ed.] 

Table 1. Discoverers of At Least 10 Comets. 

No. of Active 
Comets Discoverer Co unto:: Years 

26 Pons, Jean France 1801-1827 
21 Brooks, William U.S.A. 1883-1911 
16 Barnard, Edward U.S.A. 1881-1892 
14 Swift, Lewis U.S.A. 1862-1899 
14 Shoemaker, 

C. and E. U.S.A. 1983- ----
13 Tempel, William France, 1859-1877 

Italy 
13 Bradfield, 

William Australia 1972- ----
12 Honda, Minoru Japan 1940- ----
12 Mrkos, Anton Czecho-

slovakia 1948- ----
12 Giacobini, M. France 1896-1907 
12 Messier, Charles France 1759-1798 
11 Borrelly, L. France 1873-1912 
10 Pel tier, Leslie U.S.A. 1925-1954 
10 Winnecke, F. Germany 1854-1877 

Next in line, we have Charles Perrine (Lick 
Observatory, 1895-1907) with nine comets, 
Having found eight each are Robert 
Harrington, who found them on Palomar Sky 
Survey plates, and Malcolm Hartley, who is 
presently working at Siding Spring 
Observatory in Australia. 

These counts do not include the "indepen
dent " discoveries sometimes made but not 
credited. This occurs when poor communica
tion or slow comet confirmation allows many 
discoveries to be made by those still unaware 
of the new comet. 



Figure 32. In the center is A.L.P.O. comets observer David H. Levy with one of his tele
scopes (a 16-inch Newtonian), surrounded by the four comets he has discovered to date. In 
clockwise order we have: Upper Left-- Comet Levy-Rudenko 1984t, photographed with the 
1.6-meter reflector of Mount Megantic Observatory by John Glaspey and Rene Racine on 
1984 NOV 26.99 U.T. (photograph courtesy Universite de Montreal); Upper Right-- Comet 
Levy 1987a on 1987 FEB 01, 12h 39m U.T., imaged with the 0.9-meter SPACEWATCH 
camera of the University of Arizona by Tom Gehrels and James V. Scotti; Lower Right-
Comet Levy 1987y imaged on 1987 OCT 26 at 02h 01m U.T. with the Catalina Observatory 
(University of Arizona) 1.5-meter reflector with a red filter by Steve Larson and David Levy; 
Lower Left--Comet Levy 1988e, again taken with the Catalina Observatory 1.5-meter reflec
tor with a red filter, on 1988 APR 12 at 11h 02m U.T., imaged by Steve Larson and David 
Levy. North is at the top of all views except for 1984t, where the orientation is unknown. 
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OBSERVING METEORS: XIV 

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

With this column, having left the old obli
gation of A.L.P.O. Meteors Recorder, I begin 
my new responsibility as Assistant Recorder. 
It will be a lot more fun, I think, to sit back in 
a comfortable chair and offer all kinds of ad
vice to the New Recorder, than it was actually 
to do all the work that running a Section in
volves! 

First, I'd like to introduce John W. Griese, 
III, who has agreed to take over this Section. 
He comes to us with a considerable amount of 
experience in the areas of observation, organi
zation, and inspiration; all crucial to the suc
cessful management of an A.L.P.O. Section. 
He has been active as an observer and a coun
cil member of the American Association of 
Variable Star Observers, and has helped to op
erate the public program at Stamford 
Observatory as its Assistant Director. His pro
fessional work involves parallax measurement 
and photometry at Van Vleck Observatory. In 
1988 his work was recognized by the Western 
Amateur Astronomers through its Caroline 
Herschel Award. 

Both Jim Scotti and I will remain as 
Assistant Recorders for the Meteors Section. I 
think that this will be a much better arrange
ment that the one we had before; John is a far 
better organizer than I, and he should be able 
to handle the correspondence much more effi
ciently than did I. 

I enjoyed the five years I spent as 
Recorder, beginning on July 26, 1983. The 
high points were meeting the very interesting 
people who observe meteors, studying their 
observations and editing the newsletter Tails 
and Trails, and completing with Steve 
Edberg the manual Observe Meteors. But 
there was a low point. Some members, appar
ently feeling that A.L.P.O. Recorders work for 
huge salaries in plush offices, expect instant 
responses to all inquiries. That usually isn't 
possible; no one on the A.L.P.O. staff gets a 
penny for the many hours of work that are in
volved. We do it because we love it, in the 
truest sense of amateur astronomy, and I think 
that we would all love it even more if observ
ers would be a little more patient. 
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Of course, "Observing Meteors" will con
tinue to appear as an occasional column in 
these pages. Tails and Trails will also contin
ue to be published. I want to thank Jim Scotti 
for his help through these years, and John 
Westfall for the enormous amount of assis
tance that he has provided. And a special 
thanks to Walter Haas, a close friend who has 
encouraged me throughout my recordership. 
Good luck to John Griese; I know that he will 
enjoy his tenure as Recorder as much as I did! 

Taurid Note: I have never seen the 
Taurids show such dramatic activity as they 
did in 1988. Normally this shower peaks be
tween November 1st and 3rd at a maximum 
zenithal hourly rate of 15. They are quite 
slow, at about 28 kilometers per second. This 
shower is active over a period as long as three 
months, sporting bright fireballs. 

In 1988, the fireballs were numerous and 
very bright. On October 23 at llh 28m 
Universal Time (U.T.), a night dominated by a 
bright Moon, my attention was grabbed by a 
lightning-like flash. I looked up to see the 
bright train of a bolide in Hydra. The train 
was straight at frrst, but curved in on itself 
within about 30 seconds. It lasted about 15 
minutes, getting more and more diffuse during 
that time. This was the most remarkable of a 
long series of such events, another one of 
which, on November 4th, U.T., probably 
caused my neighbor's dog to go into a barking 
fit! 

Comet Section Note: As readers of this 
Journal are already aware, I have also retired 
as Cornets Section Recorder. I want to thank 
Don Machholz for agreeing to be the new 
Recorder. One of the world's best-known am
ateur observers of cornets, he has so far dis
covered four cornets. [So has David; and a 
montage of photographs of his four discover
ies appears on p. 28. Ed.] He produces a de
lightful newsletter called Comet Comets, and 
is writing "Cornet Comer" for this Journal. 
[See p. 25.] I am happy that the Cornets 
Section is in such capable hands. 



METEORS SECTION NEWS 

By: John W. Griese, III, Acting A.L.P.O. Meteors Recorder 

I would like to thank all the observers 
who have recently sent in observations of 
the Perseids and of minor meteor showers; 
your observations are very much appreciat
ed. 

Meteor watching is a very special kind 
of observing. It is often the first observing 
experience that most amateurs have. I can 
remember as a child being awakened by my 
father in the middle of the night in order to 
observe an important meteor shower. More 
often than not, I tended to roll over and re
turn to sleep, but he did try. Meteor showers 
even make the nightly news sometimes; and 
just this evening as I write this, someone 
called to report a fireball that he had seen 
two days earlier. 

Observing a meteor shower pulls people 
like me, who observe from inside domes, 
outside to a deck lounger to observe a larger 
piece of sky. Observing meteors helps us to 
commune with the sky in a relaxed manner. 

I feel as if I am relating to the sky in a way 
different from my usual observing. 

What other observing causes us to yell, 
or scream, or exclaim something as we see a 
meteor trail out of the corner of our eye? It 
is exciting, and it is something happening 
close to home just some tens of miles above 
our heads. 

Meteor observing also brings us togeth
er. Most of the reports that I have received 
came from groups of observers and I am 
sure that most of us have at one time or an
other joined our friends and headed outside 
together with our loungers. Actually, watch
ing in groups is the most efficient way to ob
serve meteors. Having said this, I hope that 
all of you get out there, observe, and send in 
your observations. If you need help, Observe 
Meteors by David Levy and Stephen Edberg 
is the reference to read. [It is available for 
$5.75 from Astronomical League Sales, 
Four Klopfer St., Pittsburgh, PA 15209.] 

COMING SOLAR SYSTEM EVENTS: FEBRUARY· APRIL, 1989 

This column is given here in order to de
scribe the visibility of Solar System objects 
and events, both for serious observation and 
as of general interest. For more detailed infor
mation, consult such sources as the 1989 edi
tion of the A.L.P.O. Solar System Ephemeris. 
All dates and times below are in Universal 
Time (U.T.); found by adding 9 hours to 
Alaska Standard Time, 8 to PST, 7 to MST, 6 
to CST, and 5 to EST. Directions are abbrevi
ated. 

Planetary Visibility 

As has been the case for the past several 
months, Mars and Jupiter are the most readily 
observable planets, both in the evening sky. 
Although now drawing further away from 
Earth, Mars is still an obvious first-magnitude 
object, crossing from Aries to Taurus in late 
February. This planet will be highest during 
evening twilight; not a bad time to observe be
cause the background light from the sky will 
reduce glare. Its disk exceeds 6 arc-seconds in 
diameter until March 4th, big enough for visu
al drawing in moderate-aperture telescopes; 
those with larger instruments should follow 
the Red Planet as long as they can. For 
Northern-Hemisphere observers, Mars' dwin
dling apparent size is compensated for by its 
northerly movement, climbing from 14°.9 N 
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at the beginning of February to 24°.8 Nat the 
end of April. The South Polar Cap will contin
ue to be turned earthward until late April. On 
our February 17, Mars' Southern Hemisphere 
enters Autumn. 

Jupiter, in Taurus, is not far from Mars in 
the evening sky; indeed, it passes just 2° S of 
Mars on March 12th. It remains a conspicuous 
-2 magnitude object, but fades somewhat as 
its apparent equatorial diameter diminishes 
from 42 to 33 arc-seconds. Like Mars, Jupiter 
is at a declination favorable for Northern
Hemisphere observers, increasing from 18°.6 
to 21°.4 N during the current period. 

The only other planet in the evening sky 
is Mercury, and that only in late April-early 
May, centered on its greatest eastern elonga
tion on May 1st. At that time, the innermost 
planet will appear to be 21° from the Sun, at 
magnitude +0.4. Its northerly declination at 
that time (23°.0 N) makes this apparition fa
vorable for our Northern Hemisphere. 
Mercury also reaches greatest western elonga
tion during our period; on February 18th, 
when it will be 26° from the Sun at magnitude 
+0.1. This earlier elongation is more favorable 
from the Earth's Southern Hemisphere be
cause Mercury's declination will be 19°.2 S. 
Also, Venus will pass 4 °S of Mercury on 
February 1, making the latter easier to locate. 



Venus is chiefly a morning object, al
though it closes in on the Sun as the date of its 
superior conjunction, April 4th, approaches. 
Throughout this period, Venus' disk will be at 
nearly full phase with a diameter of about 10 
arc-seconds and at magnitude -3.9. 

Saturn is now drawing away from the 
Sun to become observable in the morning sky. 
As has been the case for some time, it is 

Partial Eclipse of the Sun 

Observers in northern and central North 
America, Hawaii, and Greenland will be treat
ed to a partial solar eclipse on the morning of 
March 7th (both local time and U.T.). The 
portion of the Earth where this event will be 
visible is shown in Figure 33, below. 

well south in the constellation of~---------=::::==:::=------~ 
Sagittarius, now at declination 22°S. 
Although among the Milky Way, the 
Ringed Planet is easy to spot at approxi
mate magnitude +0.5. The Ring System 
continues to be favorably presented, 
with its N face tilted 25° toward Earth. 

Uranus and Neptune are near 
Saturn in Sagittarius, and thus the visi
bility conditions of all three planets are 
similar. Uranus is at magnitude +6.0, 
with a disk diameter of 3.6 arc-seconds; 
corresponding values for Neptune are 
+7.8 magnitude and 2.2 arc-seconds. It 
will be easiest to spot Neptune on 
March 3rd, when Saturn will pass 14 
arc-minutes to its S. 

If you have never seen Pluto, start 

vis i- --!1---..,._,f.---;. 

b i lity 
Zone 

preparing for your best chance. This==~-------------------' 
planet reaches opposition on May 4th, just 
four months before it reaches perihelion on 
September 5th. Thus, at magnitude + 13.64, 
Pluto will be its brightest for the next two and 
one-half centuries! 

Turning to the Minor Planets, four w:11 

reach opposition during our three-month peri
od at brighter than lOth magnitude: 

Opposition Data 
Minor Planet Date Magnitude Declination 

7 Iris FEB 07 +8.4 6°.6 N 
3 Juno FEB 21 +8.6 4°.6 N 
8 Flora MAR 04 +9.3 14°.0 N 
51 Nemausa MAR 15 +9.6 1°.8 N 

We also note that four occultations of 
stars by minor planets are predicted: 

Planet&Star Light 
Date Minor Planet Magnitudes Loss 

FEB 06.10 3 Juno +9.5 +10.2 35% 
FEB 28.80 87 Sylvia + 12.8 + 11.7 74% 
MAR 18.17324 Bamberga+12.5 +9.2 96% 
APR 02.22 4 Vesta +7.0 +10.2 5% 

In chronological order, the predicted 
zones of visibility for the above events are: 
FEB 06--Mexico and the Caribbean; FEB 28-
Siberia, Korea, and S Japan; MAR 18--SE to 
NW United States; and APR 02--Central 
South America. 
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Figure 33. Area of visibility of the partial 
solar eclipse of 1989 MAR 07. (Reproduced 
from the AL.P.O. Solar System Ephemeris: 
1989.) 

The maximum magnitude of this eclipse is 
0.827 (the portion of the Sun's diameter cov
ered by the Moon), but you would have to be 
in the Bering Strait at 61°.32 N/169°.84 W in 
order to observe this. Some data for more ac
cessible observing sites for the time of maxi
mum eclipse are: 

Magni- Solar 
__ ,o!=L~oc~awt~io.!.!,n!,.___ tude U.T. Altitude 

Anchorage, AK 0.797 18:13.3 JOO 
Denver, CO 0.245 18:16.7 440 
Edmonton, Alberta 0.523 18:27.8 29° 
Honolulu, HI 0.385 17:02.0 30 
Kansas City, KS 0.060 18:29.7 46° 

Las Cruces, NM 0.178 18:59.8 48° 
Los Angeles, CA 0.365 17:50.0 35° 
Milwaukee, WI 0.020 18:44.4 41° 
Nome, AK 0.822 18:14.2 20 
Omaha, NE 0.120 18:31.1 440 

Phoenix, AZ 0.265 17:56.4 45° 
Portland, OR 0.550 18:05.7 31° 
San Francisco, CA 0.462 17:52.1 35° 
Seattle, WA 0.568 18:09.7 30° 
Tucson, AZ 0.229 17:55.5 46° 
Winnipeg, Manitoba 0.277 18:40.5 35° 

Note that the times above are for the 
maximum eclipse. From first contact to last 



contact, the eclipse will last up to 2.1 hours, 
so check more detailed predictions for when 
the eclipse begins and ends for your locality. 

Perhaps the most useful work for ama
teur observers for this eclipse will be photo
graphing the Moon's proflle. Make sure the 
accurate orientation of your photographs is 
indicated and send them to Eclipse Recorder 
Francis Graham at the address on the inside 
back cover. 

Other Lunar Events 

A total lunar eclipse will occur on 
February 20th, and is described in a separate 
article following this one. Also during this pe
riod, the Moon will pass near the Pleiades star L-------------------' 
cluster, and will occult the bright stars Antares 
and Regulus as well as the Planet Mercury. 

The first Pleiades passage by the Moon 
is on 1988 FEB 13, at about lOh U.T. with a 
55-percent illuminated waxing Moon; the 
zone of visibility is Alaska and NE-most Asia. 
The next passage, on MAR 12, near lOh, can 
be seen from Alaska and most of Asia; the 
Moon is a 31-percent waxing crescent. 
Finally, the third passage is on APR 09, near 
OOh, and can be seen from the N central and 
NE United States and central and E Canada; 
the Moon will be a thin 12-percent sunlit wax
ing crescent. 

Lunar occultations of Antares (ca. +0.9 
magnitude) occur on FEB 01 and 28, MAR 
28, and APR 24. Regulus (magnitude + 1.35) 
is occulted on FEB 20, MAR 19, and APR 15. 

The occultation of Mercury happens on 
March 6th at about 04h U.T., when the planet 
is at magnitude -0.1 and 23° W of the Sun. 
This event will be visible from E Africa and 
much of Asia, as shown in Figure 34 (upper 
right). 

Figure 34. Area of visibility of the lunar oc
cultation of Mercury on 1989 MAR 06. 
(Figure 34 is reproduced from the A.L.P.O. 
Solar System Ephemeris: 1989.) 

Comets and Meteors 

No bright comets are forecast for this 
three-month period, the two brightest (P/Gunn 
and Shoemaker-Holt-Rodriquez) being pre
dicted to be about 12th magnitude. 

As for the regular meteor showers, unfor
tunately the Moon will interfere at the time of 
their maxima. The Delta Leonids will peak on 
February 27, with a lunar age of 20 days (the 
shower lasts from February 6-March 19). The 
Sigma Leonids have their maximum on April 
17 (duration March 21-May 13), with an 11-
day Moon. The Sigma Leonids will thus prob
ably be best seen shortly before dawn, when 
the Moon has set. Finally, the Lyrids reach 
maximum on April 21.8 (duration 2 days) 
with a 16-day Moon. 

OBSERVING THE NEXT TOTAL LUNAR ECLIPSE: 1989 FEB 20 

Eclipse Events 

On February 20th, 1989, the Earth's first 
total lunar eclipse since October, 1986, will 
be visible from about half the Earth; the 
Pacific Basin; western North America, 
Australasia, most of Asia, and parts of 
Africa. The event's umbra! magnitude is 
1.279 (meaning that, at mid-eclipse, the por
tion of the Moon's limb outermost in the 
umbra is 0.279 lunar radii inside the umbra! 
edge). This eclipse's various phases occur 
approximately as in the schedule on the 
right-hand side of Figure 35 (p. 33). These 
predictions assume a 2-percent enlargement 
of the umbra due to the Earth's atmo
sphere. 

Note that the times given in Figure 35 
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are in Universal Time, which should be ap
propriately corrected if one wishes to ex
press them in one's local time (see p. 30). 
This means that some areas, such as New 
Zealand, will see part of the eclipse on 
February 21st! 

The two penumbral contacts are unob
servable. Observers may see slight penum
bral shading on the Moon's southeast (celes
tial directions are used throughout this 
paper) limb starting near 13h and on the 
western limb up to about 18h. The first and 
second umbra! contacts mark the start and 
end, respectively, of the first partial umbra! 
phase. Totality falls between the second um
bra! contact and the third umbra! contact. 
Another partial umbra! phase occurs be
tween the third and fourth umbra! contacts. 



1989 FEB 

TOTAL 

Pl =First Penumbral Contact; 
12h 29.8m 

Ul =First Umbral Contact; 
13h 43.4m 

U2 =Second Umbral Contact 
(begin totality); 14h 55.7m 

------ Middle of the Eclipse; 
15h 35.3m 

U3 =Third Umbral Contact 
(end totality); 16h 15.0m 

U4 =Fourth Umbral Contact; 
17h 27.2m 

P4 =Fourth Penumbral Contact; 
18h 41.0m 

Figure 35. Conditions of visibility of the total lunar eclipse on 1989 FEB 20. 

In Figure 35, the region where all phases 
of the eclipse can be seen is labeled 
"Visibility Zone," and includes Australia and 
the eastern half of Asia. West of this area, the 
beginning of the eclipse will not be visible, 
with the labeled lines indicating where a par
ticular phase takes place at moonrise. East of 
the "Visibility Zone," the end of the eclipse 
will not be visible, and the labeled lines indi
cate where eclipse phases occur at moonset. 
Thus, some of totality will be visible from 
western Asia, eastern Africa, the European 
Soviet Union, and northwestern North 
America, in addition to the "Visibility Zone." 
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To the lower left) is a diagram of the 
Moon (Figure 36), showing the position of the 
edge of the umbra at each of the four umbral 
contacts, labeled as in Figure 35. Celestial 
north is to the top ("Nc"), with lunar north off
set to the left ("NI"). The numbers on the 
Moon's face refer to craters recommended for 
umbral contact timings (see p. 35). 

Watch for the frrst umbral contact with 
the Moon's limb near position angle 134° (ce
lestial southeast). The fourth (last) umbra! 
contact will be near position angle 279° (ce
lestial west). 

Eclipse Observations 

It has been long enough since the last 
total lunar eclipse that even enthusiasts may 
have forgotten the many scientifically inter
esting types of observations that can be made 
on these occasions. One reason why such ob
servations are of value is that each lunar 
eclipse is unique and such factors as the de
gree of darkening and coloration are impossi
ble precisely to predict. 

Thus, we can always use general descrip
tions of the appearance of the Moon through
out the eclipse, whether recorded through 
written comments, drawings, photographs, 
videotapes, or photometer readings. Some of 

•7 . these observations can be done easily with 
u · binoculars or even with the naked eye. This 

4 includes sketches of the pattern of light and 
color on the Moon's disk at various times dur
ing the eclipse. Near mid-eclipse, it is stan

t__ __ ___::...~:..._ __ ~-----------l dard procedure, with binoculars or the naked 

Figure 36. Edge of umbra! shadow (enlarged 2 
percent) at each of the four umbra! contacts 
during the total lunar eclipse of 20 FEB 1989. 
Celestial and lunar north and the positions of 
20 selected craters are also plotted. 
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eye, to estimate the Danjon Luminosity (L) 
according to the following scale: 

L = 0 Very dark eclipse; Moon almost invis
ible, especially at mid-eclipse. 

L = 1 Dark eclipse, gray or brownish colora
tion; details distinguishable only with 
difficulty. 



L = 2 Deep red or rust-colored eclipse, 
with a very dark central umbra and 
the outer edge of the umbra rela
tively bright. 

L = 3 Brick-red eclipse; usually with a 
bright or yellow rim to the umbra. 

L = 4 Very bright copper-red or orange 
eclipse; with a bluish very bright 
shadow rim. 

Experienced observers may wish to 
make fractional estimates, such as L = 2.7 or 
L = 3-1/2. 

"Dan jon estimates" are a form of qualita
tive photometry. Quantitative visual photome
try of the entire disk of the eclipsed Moon can 
be done by comparing the Moon with a bright 
star. To do this, though, we need to make the 
Moon appear small and star-like and, except 
during totality with a dark eclipse, probably 
will have to make the Moon fainter as well. 

Reversed binoculars can do both jobs. 
Assuming a 25-percent light loss in the instru
ment, the amount of apparent lunar dimming 
is a function only of the magnification of the 
binoculars (not the aperture), with the follow
ing magnitudes dimming: 

6X .. 4.2 magnitudes llX .. 5.5 magnitudes 
7X .. 4.5 12X .. 5.7 
8X .. 4.8 16X .. 6.3 

lOX .. 5.3 20X .. 6.8 

corv 

Lea 

•• 

' Sex 

Crt .. 
. crv·. 

The Moon's image may also be reduced 
and dimmed by reflection in a convex mirror, 
such as a Christmas-tree ball. The further the 
eye is from the surface, the greater the dim
ming, following the formula: 

.1M = K- 5 log R, 

where: .1M is the apparent dimming in stellar 
magnitudes, K is a constant to be found by 
observing the Full Moon (magnitude -12.7) 
either just before or just after the eclipse, and 
R is the distance from the eye to the reflector 
surface, measured in whatever units are con
venient. 

Those equipped with photoelectric pho
tometers may do spot photometry of selected 
bright lunar craters at frequent intervals 
throughout the eclipse. Such observations 
allow us to map the brightness variations 
within the umbra. If one does multiband pho
tometry, color variations can also be mapped. 
Photoelectric spot photometry of past eclipses, 
particularly during the penumbral phases, has 
provided objective evidence of lunar tran· 
sient phenomena. 

Naturally, for any quantitative photome
try, one or more bright comparison stars or 
planets are needed. There will be no handy 
bright planets anywhere nearby, but it is fortu
nate that the eclipsed Moon will be very near 
the star Regulus (visual magnitude +1.35, 
spectrum B7 Vn). Actually, Regulus will be 
occulted by the Moon before the eclipse from 

.. 
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Figure 37. The sky background of the totally eclipsed Moon on 1989 FEB 20, at 15h 35m 
U.T. (mid-eclipse) as seen from Honolulu, Hawaii. Note the bright star Regulus to the upper 
right of the Moon. North at top. Field 84° in width. Plot generated by Voyager program, © 
Carina Software. 
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locations in the central or northeastern Pacific 
Ocean. (For example, where D indicates dis
appearance and R reappearance, the Universal 
Times of the occultation for Honolulu will be 
D lOh 47m, R 11h 43m; and for Kyoto will be 
D 09h 05m, R 09h 59m.) The position of the 
Moon in the sky at the time of mid-eclipse is 
plotted in Figure 37 (p. 34). 

Another type of relatively simple obser
vation is umbra! contact timings. The umbra 
is enlarged by an amount that is variable for 
each eclipse, and this value is found by such 
timings. Given sufficient timings, we can find, 
not only the degree of enlargement, but the 
amount of ellipticity of the umbra as well. A 
moderate-size telescope (10-40 em.) at about 
40-1 OOx is quite appropriate for this. One ap
proach is to time the four umbra! contacts 
with the Moon's limb; the approximate times 
of which are given in Figure 35 (p. 33). It is, 
however, probably more accurate to time 
when prominent craters either enter the umbra 
(immersion) or leave it (emersion). For large 
craters, it is best to time when the umbra edge 
first and last touches the crater and then to 
take the mean of these two times. The 20 rec
ommended craters for this purpose are plotted 
in Figure 36 (p. 33) Their names and immer
sion (i) and ethersion (e) Universal Times 
(rounded off to the nearest 5 minutes) are as 
follows: 

1. Grimaldi (13h 45m i; 16h 25m e) 
2. Aristarchus (14h 05m i; 16h 25m e) 
3. Kepler (14h OOm i; 16h 30m e) 
4. Copernicus (14h lOrn i; 16h 40m e) 
5. Pytheas (14h 15m i; 16h 35m e) 
6. Timocharis (14h 20m i; 16h 40m e) 
7. Tycho (14h OOm i; 16h 50m e) 
8. Plato (14h 35m i; 16h 35m e) 
9. Aristoteles (14h 40m i; 16h 45m e) 
10. Eudoxus (14h 40m i; 16h 50m e) 
11. Manitius (14h25m i; 16h 55m e) 
12. Menelaus (14h30m i; 16h 55m e) 
13. Plinius (14h 35m i; 17h OOm e) 
14. Taruntius (14h 40m i; 17h 15m e) 
15. Proclus (14h 45m i; 17h 10m e) 
16. Gassendi (13h 50m i; 16h 35m e) 
17. Birt (14h 05m i; 16h 50m e) 
18. Abulfeda E (14h 15m i; 17h OOm e) 
19. Nicolai A (14h 15m i; 17h 05m e) 
20. Stevenus A (14h 30m i; 17h 20m e). 

Before the eclipse, review the Moon's ap-
pearance and be sure that you can unambigu
ously identify whichever of the above craters 
you wish to use in making umbra! contact tim
ings. 

Lunar transient phenomena (L TP) 
may be looked for visually, photographically, 
or with photoelectric photometry. For exam
ple, some lunar rocks may fluoresce under 
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short-wave solar radiation that reaches lunar 
areas during the penumbral phases when the 
reflected solar light is reduced. Also, eclipse
induced changes in light and dark tonal patch
es have sometimes been reported. In alphabet
ical order, some features where eclipse-related 
L TP have been reported are: Alphonsus, 
Aristarchus and vicinity, Atlas, Byrgius, 
Censorinus, Conon, Delambre, Eratosthenes, 
Euler, Grimaldi, Kepler, Linne, Manilius, 
Menelaus, Messier and Messier A, Plato, 
Plinius, Proclus, Pytheas, Riccioli, Romer, 
Schickard, StOfler, and Tycho. 

Whatever your form of observation of 
this fairly rare event, be sure to send your re
sults to: Francis G. Graham, A.L.P.O. Lunar 
Recorder--Eclipses, P.O. Box 209, East 
Pittsburgh, PA 15112 U.S.A. 
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JAMES I AND THE CRESCENT OF VENUS 

By: Francis G. Graham and Theresa Palmer 

The Scottish king, James I (1394-1437), 
was born to reign amidst the clan rivalries and 
semiautonomous nobles which characterized 
15th-century Scotland. The son of Robert III 
and Annabella Drummond, he became heir to 
the throne in 1402 upon the death of his older 
brother, David. James' uncle, the Duke of 
Albany, immediately planned to kill him. To 
protect the heir apparent, his father sent him 
to France, but en route he was captured by 
English sailors and imprisoned in England. 

Upon the death of Robert 1II (1406), 
James was still in captivity in England, and 
the Duke of Albany became Regent. Indeed, 
James remained in captivity until 1424. Then, 
while in the Tower of London, terms for 
James' release were arranged, including his 
marriage to Joan Beaufort. Anticipating his 
freedom, he wrote a long poem in the Scottish 
vernacular called the Kingis Quair . The first 
seven lines are of astronomical interest and 
refer to the planet Venus (Citherea): 

:Heigfi in tfu fuvynnis figure circufere 
'Ifu rocfy s terres twynfJyng as tfu fyre 
5!.ncf in 5!.quary, Citfurea tfu dere 
1?Jrnsicf liir tressis {ik:g_ tfu goUin wyre 
'Ifiat fate to fore in fair ancf frescfi atyre 
'ITiroUtJfi Capricorn fuvecf liir liornis hrigfit 
'l{_ortfi nortfiwarcf approcliit tfu mycfnygfit. 

We see that James I observed Venus pass 
from Aquarius to Capricorn. [1] Retrocalcula
ting, we find that Venus spent late 1423 as an 
evening star, passed inferior conjunction on 
January 30.5, 1424 (Julian Calendar), and 
then rose as a morning star through Aquarius 
and Capricorn in February, 1424, "in fair and 
fresch atyre." Thus King James seems to de
scribe what he saw during those dreadful days 
in the Tower. 

Note also that James I saw "hir hornis 
bright." During Venus' sojourn in Capricorn, 
it was less than 10° from the Sun, having re
cently passed inferior conjunction. It was then 
very nearly one arc-minute in diameter, near 
the diffraction limit for the human eye. If 
James I had above-average eyesight, he may 
have been able to see the crescent horns, as 
some modem people have claimed to do. [2] 
There are other associations also in ancient lit
erature which might also have been explained 
by above-average eyepower, a useful ability 
for a warrior-king. 

What of the seventh line, "North north
ward approchit the mydnyght"? In Chaucher, 
"midnight" is poetically used to refer to the 
meridian. Yet we know that when Venus is 
usually seen in the predawn hours it can never 
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be near the meridian. Notice, though, that 
James only says they approached. In a sense, 
there is a likely explanation. During a morn
ing apparition of Venus, it is possible to fol
low the planet in the blue sky well after sun
rise; indeed, even to the meridian, if you are 
careful not to remove your gaze. A prison 
captive might well have the idle time to do 
just that. Venus also was "northward" in dec
lination at the time. [ 3] 

In conclusion, we feel that there is no 
reason to doubt that James I actually observed 
Venus' path in the heavens and noted it in the 
composition of the King is Quair. To conclude 
our brief sketch of King James I, in April, 
1424, he returned to Scotland, arrested the no
bles not loyal to the crown, and generally re
organized the government. But secret animos
ities continued, and he was murdered on 
February 20-21, 1437, by a trusted nobleman 
jealous of his crown. 

Notes by Editor: 

1. In order for the dates to be at all correct, we 
need to assume that James I was referring to 
the zodiacal signs of Aquarius and Capricorn, 
rather than to the modem constellations. Were 
this the case, Venus passed from Aquarius to 
Capricorn (longitude 315°) on 1424 FEB 06 
(Julian calendar). On that morning in London, 
Venus rose at 6:02 A.M., local mean solar 
time, followed by sunrise at 7:17, Venus 
being 13°.7 from the Sun. The view of the sky 
that James I would have had to the southeast 
at dawn on that date is depicted in Figure 38 
(p. 37). (Data here and Figure 38 calculated 
by Voyager Program,© Carina Software.) 

2. On 1424 FEB 06, Venus' diameter was 
59".7 and her phase 3 percent illuminated. 
There have been a number of reports of 
Venus' crescent phase (or horns) being seen 
with the naked eye. Several cases are de
scribed in: Patrick Moore, The Planet Venus 
(New York: Macmillan, 3rd., 1960), pp. 35-
36, where he cites 15 references. He also men
tions that, intriguingly, the crescent symbol 
used for Venus predates the telescope. See 
also: T.W. Webb, Celestial Objects for 
Common Telescopes (ed. and rev. by Margaret 
W. Mayall. New York: Dover Publications, 
1962), Volume I, p. 64. 

3. Venus' declination was actually 8°.2 south 
that morning, although the planet was 4°.7 
north of the Sun, and had a latitude of 8°.5 
north. Note that this means that Venus' horns, 
directed away from the Sun, would have been 
pointing northward as well as toward the me
ridian. 



Figure 38. The southeast sky, as it might have been seen by the Scottish King James I, from 
the Tower of London at 7:25 A.M. on 1424 FEB 06. Venus is left of center, in the constella
tion of Aquarius but in the zodiacal sign of Capricorn. Venus' northern latitude would have 
aided its dawn time visibility. The Sun is on the horizon left of center. Also see text on p. 36. 
Generated by Voyager program, © Carina Software. The field of view is 40° in width. 

A MARTIAN PORTFOLIO 

The current apparition of Mars is already the most intensely observed one in history. Our 
Mars Section has to date received about 4000 observations from over 190 observers in 37 
countries. Here are some selected photographs of Mars, all taken by Mars Recorder Donald 
C. Parker, M.D., with a 41-cm. f/6 Newtonian reflector at an effective focal ratio of f/165. 
All dates and times are in Universal Time. Ls is the areocentric longitude of the Sun, mea
sured eastward from Mars' Northern Hemisphere Vernal Equinox, followed by the equivalent 
martian date in parentheses; k is the proportion of the disk that is sunlit; CM is the apparent 
central meridian of the disk; and De is the areocentric declination of the Earth. Seeing and 
transparency are on the A.L.P.O. scales, which run from 0 for worst to 10 for best for seeing 
and from 0 for the worst transparency to 5 for the best. The martian South Pole is at the top. 

Figure 39 (left). 1988 AUG 21, 09h 22m. Seeing 10, 
Transparency 3. No filter. Kodak TP 2415 Film, 4-sec. expo
sure, developed in Rodinal1: 100. Ls = 256°.5 (DEC 09). k = 
0.933. Diameter = 20".5. CM = 345°.0. De= -20°.1. Note 
Novus Mons separated from the left edge of the South Polar 
Cap. Meridiani Sinus is prominent below center. 

Figure 40 (right). 1988 AUG 
25, 05h 51m. Seeing 8-9, 
Transparency 5. No filter. 
Kodak TP 2415 Film, 3-sec. 
exposure, developed in 
Rodinal 1: 100. Ls = 259°.0 

(DEC 11). k = 0.943. Diameter= 21".1. CM = 257°.0. De= 
-20°.0. Novus Mons resolved at lower right of South Polar 
Cap. Zea Lacus noted inside Bellas (about halfway from cen
ter to upper right limb). Cerberus III is the dark streak left of 
center. 
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A MARTIAN PORTFOLIO--Continued. 

Figure 41 (left). 1988 SEP 18, 05h 57m. Seeing 8-9, Transpar
ency 3. No filter. Kodak TP 2415 Film, 3-sec. exposure, devel
oped in Rodinal 1:100. Ls = 274°.1 (DEC 26). k = 0.993. Di
ameter = 23".8. CM = 043°.4. De = -20°.7. Solis Lacus is 
prominent to the right, with Niliacus Lacus in lower left. 

Figure 42 (right). 1988 SEP 18, 06h 12m. Seeing 8-10, Trans
parency 4. Fujichrome-100 Film, 2-sec. exposure, E-6 process
ing; copied through W47 (violet) Filter. Composite print. Ls = 
274°.1 (DEC 26). k = 0.993. Diameter= 23".8. CM = 047°.1. 
De= -20°.7. Note morning haze over Solis Lac us (right of cen
ter) and bright North Polar Hood (lower left). Compare with 
Figure 41 above, taken in integrated light only 15 minutes be
fore. 

Figure 43 (left). 1988 SEP 18, 07h 16m. Seeing 8, Transparen
cy 4. No filter. Kodak TP 2415 Film, 3-sec. exposure, devel
oped in Rodinal 1:100. Ls = 274°.1 (DEC 26). k = 0.993. 
Diameter = 23".8. CM = 062°.8. De = -20°.7. Compare with 
Figure 41 above, taken 1h 19m earlier; the 19° rotation be
tween the two has brought Solis Lacus nearer the center of the 
disk and has now exposed Mare Sirenum on the right limb. 

Figure 44 (right). 1988 SEP 21, 05h 07m. Seeing 8, Transparen
cy 5. No filter. Kodak TP 2415 Film, 3-sec. exposure, devel
oped in Rodinal 1:100. Ls = 276°.0 (DEC 28). k = 0.996. 
Diameter = 23".9. CM = 004°.8. De = -20°.9. Taken only 22 
hours before Mars' closest approach to Earth. Meridiani Sinus 
is slightly left of center, with Mare Erythraeum to its upper 
right. Mare Australe (near the South Polar Cap) is dark. 

Figure 45 (left). 1988 SEP 21, 05h 27m. Seeing 7, Transparen
cy 5. Fujichrome-100 Film, 2-sec. exposure, E-6 processing; 
copied through W47 (violet) Filter. Ls = 276°.0 (DEC 28). k = 
0.996. Diameter= 23".9. CM = 009°.7. De = -20°.9. Shows 
bright morning limb haze and/or cloud over Solis Lacus near 
right limb, extending into Chryse (lower left portion of light 
area). An irregular North Polar Hood appears near bottom. 
Compare with Figure 44 above, taken in integrated light only 
20 minutes before. 
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A MARTIAN PORTFOLIO--Continued. 

Figure 46 (left). 1988 OCT 04, 04h 1Om. Seeing 7, Transpar
ency 4.5. No filter. Hydrogen-baked Kodak TP 2415 Film, 1-
sec. exposure, developed in Rodinal I: 100. Ls = 284°.0 (JAN 
05). k = 0.997. Diameter= 23".2. CM = 236°.4. De = -22°.1. 
Mare Cimmerium is the diagonal linear feature left of center; 
the fainter dark streak near its northern (lower) border devel
oped for the first time earlier this apparition. The Ceberus III 
and Gomer dark streaks appear just left of center. Syrtis Major 
is at the extreme right. 

Figure 47 (right). 1988 OCT 04, 04h 27m. Seeing 6, Tran
sparency 4.5. Fujichrome-100 Film, 2-sec. exposure, E-6 pro
cessing; copied through W47 (violet) Filter. Composite print. 
Ls = 284°.0 (JAN 05). k = 0.997. Diameter= 23".2. CM = 
240°.5. De = -22°.1. Note morning clouds over Libya, Isidis 
Regio, and Ausonia (all near the right limb), and weak clouds 
over Aethiopis and Elysium (below center). Compare with 
Figure 46 above, taken in integrated light 17 minutes before. 

Figure 48 (left). 1988 NOV 28, OOh 04m. Seeing 7-8, Transpar
ency 4. No filter. Hydrogen-baked Kodak TP 2415 Film, !-sec. 
exposure, developed in Rodinal 1:100. Ls = 316°.7 (FEB 05). 
k = 0.904. Diameter = 13".6. CM = 032°.4. De = -25°.5. A 
yellow cloud extends over Argyre I, forming a terminator pro
jection (visible on original above and right of center). Mare 
Australe (near top) appears very dark. 

Figure 49 (right). 1988 NOV 28, 02h 19m. Seeing 7-8, Trans
parency 4 .. Ls = 316°.8 (FEB 05). k = 0.904. Diameter= 13".6. 
CM = 065°.3. De= -25°.5. Fujichrome-100 Film, 2-sec. expo
sure, E-6 processing; copied without filter. A bright yellow 
cloud shows above center, extending over Solis Lacus across 
Bosporus into Ogygis Regio and Argyre I. 

Figure 50 (left). 1988 DEC 01, 02h 01m. Seeing 7, Transparen
cy 3-2. No filter. Hydrogen-baked Kodak TP 2415 Film, 2-sec. 
exposure, developed in Rodinal 1:100. Ls = 318°.5 (FEB 07). 
k = 0.900. Diameter = 13".1. CM = 032°.4. De = -25°.5. 
Compare with Figure 48 above, taken 3 days earlier at the 
same central meridian. In the later view, the yellow cloud has 
moved eastwards (left) into Noachis, obscuring Mare Australe. 
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BOOK REVIEWS 

Coordinated by J, Russell Smith 

Uranus and Neptune. The Distant Giants. 
By Eric Burgess. Columbia University Press, 
562 W. 113th St., New York, NY 10025. 
1988. 188 pages, illustrations, tables, index. 
Price $29.95 cloth (ISBN 0-231-06492-6). 

Reviewed by Richard W. Schmude, Jr. 

This book presents many interesting facts 
about the Voyager-2 Mission and the major 
discoveries that it made. Although the chief 
emphasis is placed on Uranus and Neptune, 
there is also some discussion of Jupiter and 
Saturn. The author does a good job of com
paring the four gas giants. 

Chapter 1, "Aim Close to the Bull's-Eye," 
describes the trajectory of Voyager 2 along 
with the various instruments on that space
craft. After reading this chapter, the reader 
should gain a solid background concerning 
important events such as the discovery of the 
uranian Rings and the Voyager flybys of 
Jupiter and Saturn. 

The second chapter is titled "Georgium 
Sidus" and starts out with a description of 
William Herschel and the circumstances lead
ing up to the discovery of Uranus. There are 
brief discussions of our understanding of 
Uranus in the 1960's, 1970's, and 1980's, 
with special emphasis placed on the atmo
sphere of the planet. For example, the reader 
finds out the expected vertical structure of the 
Uranian atmosphere, and also that Uranus has 
less cloud activity than do Jupiter and Saturn. 
The chapter ends with a general discussion of 
the uranian magnetic field and its effect on the 
local environment, defining such terms as bow 
shock, magnetosphere, and ionosphere. 

The title of the third chapter is "Close-Up 
of a Distant Giant." This chapter discusses 
some of the discoveries about Uranus that 
were made by Voyager 2, such as the 171/4-
hour rotational period of the planet, as well as 
the orientation of the uranian magnetic field, 
the magnetic environment, atmosphere, and 
internal heat of the planet. 

Voyager 2's discoveries concerning the 
uranian Rings and satellites are discussed in 
Chapter 4, "Rings and Satellites." This chap
ter is well-illustrated and should enable the 
reader to gain an appreciation of the geology 
of the five largest Uranian satellites, Miranda, 
Ariel, Umbriel, Titania, and Oberon. 

Chapter 5, "Completing the Grand Tour," 
begins with a description of the events leading 
up to the discovery of Neptune, followed by 
discussions of our current understanding of 
Neptune and its two currently known satel
lites, Triton and Nereid (along with a possible 
third, 1981N1). The author does an especially 
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good job at painting a picture of what the me
teorology and surface of Triton may be like. 

The final chapter is named "Giants and 
Dwarfs in the Outer Darkness," and discusses 
Pluto along with possible bodies (planet[s] or 
a star) beyond Pluto. The reader also discov
ers that four spacecraft, Pioneers 10 and 11 
and Voyagers 1 and 2, are leaving the Solar 
System, along with some speculation about 
what they may find. 

Unfortunately, there are a few minor 
problems with this book. Table 4.3 gives past 
and present computed satellite densities that 
are inconsistent with the quoted diameters and 
masses. Table 5.1 gives the "radii" of 
Neptune's moons Triton, Nereid, and 
"1981NI" [sic.] as 355.00, 5.57, and 77.00 
km. respectively. These actually are their or
bital semimajor axes, expressed in units of 
thousands, millions, and thousands of kilome
ters respectively. (The same comment applies 
to the "miles" column.) Finally, in Figure 5.3, 
the track labeled "Voyager 2" misses Neptune 
by 5 astronomical units! 

These are isolated problems however, and 
I feel that the author has done a good job in 
presenting this material in an accurate and in
teresting way. 

Atlas-Guide Photographique de Ia Lune. By 
Georges Viscardy. Association Franco
Monegasque d' Astronomie, Observatoire de 
St Martin-de-Peille 06440 L'Escare, France. 
1985. 454 pages, 685 photographs, maps. 
[Also available from Masson, Paris, 1987, 
ISBN 2-225-81090.] Price 515 francs. 

Reviewed by John E. Westfall 

This large-format book is a magnificent 
labor of love by an "advanced amateur," 
Georges Viscardy. The heart of this book is 
the many lunar photographs taken by him, 
chiefly during 1982-84, at the Observatoire de 
St Martin-de-Peille in the Maritime Alps (730 
meters above sea level) with a 52-cm. 
N ewtonian-Cassegrain telescope and a 31-cm. 
Newtonian. It is worth noting that the larger 
instrument has a "planetary Cassegrain" con
figuration; operating at f/47 with only a 16-
percent secondary obstruction. This fact, 
along with Mr. Viscardy's reliance on Kodak 
TP 2415 Film, his experience, and his selec
tion of the best from 7,000 negatives, explains 
the exquisite clarity of almost all of the photo
graphs. 

The text is of course in French, but no 
knowledge of that language is needed to read 
the maps and the photograph captions, which 
form the most essential text in the book. 



Persons not reading French will regret 
that they cannot digest the "Introduction" and 
"Notes Pratiques," however. The latter chap
ter deals primarily with photographic tech
aiques, including film and developer recom
mendations. He estimates his typical resolu
tion as 0.3-0.5 arc-seconds, reaching 0".25 in 
the best views. This reviewer feels that this is 
a realistic assessment; the last figure amounts 
to about 500 meters on the Moon and is com
parable .to the best amateur and professional 
earthbased coverage. For example, Plate 379 
shows six craterlets on Plato's floor. 

The introductory portion of the atlas ends 
with photographs and descriptions of the 
Observatoire de Saint-Martin-de-Peille and its 
instruments. Besides the main instruments, we 
note a well-equipped darkroom, and portable 
telescopes and two lecture halls for public in
struction. Clearly, Mr. Viscardy is an "ama
teur" in the sense that Percival Lowell was! 

With most of the photographs being large
scale (small area) views, it is fortunate that 
several finding aids have been provided. First, 
the endpapers hold (in two sections) an attrac
tive shaded-relief lunar map by Jacqueline 
Ciffreo, 50 em. in diameter . A whole-disk 
photograph with latitude-longitude grid (p. 
22), along with a schematic map (p. 24), 
shows how the photographs are grouped into 
16 sections covering the entire visible face of 
the Moon. Individual formations are listed al
phabetically, giving the plate number for each. 
Some of the lunar names are no longer offi
cially recognized (e.,g., Montes Leibnitz), but 
were widely used on the older charts. Some 
photographs are repeated, so that there are 128 
separate photographs reproduced on the 220 
plates in the main section. 

We find that the order of the plates is first 
from south to north, and then from east to 
west within each strip. This means unfortu
nately that each section falls within two strips 
a number of pages apart., Mr. Viscardy consis
tently uses the International Astronomical 
Union direction scheme (Mare Crisium is near 
the east limb) and orients 1 his photographs 
with south at the top. 

Each numbered "plate" usually occupies 
two facing pages and contains a lunar index 
map showing the area of coverage, an 18-by-
24-cm. photograph at 1:2,1 00,000-scale (163 
cm./lunar diameter), along with a reduced ver
sion giving feature names, and short written 
descriptions of the features shown. There is 
often a larger-scale view of a selected forma
tion at 1:1 ,670,000-scale (200 cm./lunar diam
eter). 

The main section is followed by 
"Quelques Formations Remarquables," which 
consists of 30 highly-enlarged views of 
"showpiece" formations. The scales are 
1:1,370,000 (250 cm./lunar diameter) or even 
1 :920,000 (365 cm./lunar diameter). The fea
tures included here might well be called "the 
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Messier objects of the Moon," and include 
Hyginus, Clavius, Plato, Posidonius, the 
"Straight Wall," Fracastorius, Linne, 
Copernicus, and fifteen others. 

The last photographic section is called 
"Recherches Selenographiques. L'Etude de Ia 
Lune et sa Surveillance." This begins with a 
short discussion of lunar volcanism, transient 
phenomena, meteoritic impacts, and amateur 
groups that study the Moon (including the 
A.L.P.O.). This is followed by groups of pho
tographs that illustrate relief features, rays, 
domes, the O'Neill "Lunar Bridge," the radial 
bands of Aristarchus, and several other types 
of features. Gratifyingly, a five-page section is 
devoted to the A.L.P.O.'s "Luna Incognita" 
project. Finally, we have a list of 55 features 
recommended for surveillance due to suspect
ed changes or transient phenomena. "L TP" 
are unconfirmed in some of these areas, but 
have been repeatedly reported in others. 

The last section of the book gives some 
autobiographical information about the author 
and his love of astronomy and the Moon, as 
well as some history about the observatory he 
uses. 

It is difficult to find problems with this 
book. Sometimes it is difficult to find a partic
ular area, and an index map with frame out
lines would help the search. One gets the im
pression that the author followed the logical 
strategy of taking large numbers of photo
graphs in short intervals when seeing was 
ideal. Because there are considerably more 
afternoon-illumination views than ones under 
a morning Sun, one further supposes that this 
procedure was usually in the pre-dawn hours. 
As is unfortunately the case with most lunar 
photographic atlases, there are very few high
Sun views. The quality of the paper and print
ing is high, but some detail is seen to be lost 
when one can compare the printed version of 
a photograph with an actual enlargement. In a 
few cases, terminator areas were over-dodged. 

The photographs are all unrectified, in the 
near-Orthographic projection one sees from 
Earth. Universal Time dates and times are 
given for each photograph so that essential 
data can be computed. However, it would 
have been a great convenience to have the 
solar colongitude and latitude and topocentric 
librations listed for each frame. Exposure and 
seeing and transparency descriptions would 
also be very desirable because, of course, 
these cannot be computed later. 

With so few professional astronomers 
studying the Moon these days, we can be 
thankful that such excellent work as Mr. 
Viscardy's is being carried on by so-called 
amateurs. A large book like this, with hun
dreds of plates, is well worth the price. If you 
are a student of the Moon, you will need this 
atlas, whether or not you know the French 
language. I can only hope that this atlas in
spires other selenophotographers! 



NEW BOOKS RECEIVED 

Notes by J. Russell Smith 

James Lick's Monument. The Saga of 
Captain Richard Floyd and the Building of 
the Lick Observatory. By Helen Wright. 
Cambridge University Press, 32 East 57th St., 
New York, NY 10022. 1987. 231 pages, 
notes, index. Price $32.50 cloth (ISBN 0-521-
32105-0). 

This book's chapters are: "The Story of 
James Lick," "Captain Floyd and the Lick 
Trust," "European Journey," "Transition to 
the Skies Over Mount Hamilton," "Dear 
Captain," "Ladder to the Sky," "Success and 
Conflict," "Engineering Feat of Mount 
Hamilton," "James Lick's Last Journey," 
"Final Stages," "To the Stars," and 
"Epilogue." As a former teacher of astrono
my, I recommend this book. 

The Omni Space Almanac. By Neil McAleer. 
Pharos Books, 200 Park Ave., New York, NY 
10166. 1987. 382 pages, illustrations, index. 
Price $24.95 cloth (ISBN 0-345-34395-6). 

After an Introduction, the chapters are: "A 
Space History: The Golden Years," "The 
Shuttle Ships," "Space Station and Beyond," 
"Daily Life in Space," "Space Disasters and 
Close Calls," "Space International," "Rockets 
and Space Ships," "Robots from Earth," 
"Commerce and Science in Orbit," "Space 
Weapons and Wars," "Settlement and 
Colonization of Space," and "Extraterrestrials 
and Star Trips." If you are interested in this 
subject, you will cenainly want a copy of this 
book. 

The Human Quest in Space. Edited by 
Gerald L. Burdett and Gerald A. Soffen. 
Published for the American Astronautical 
Society by Univelt, Inc., P.O. Box 28130, San 
Diego, CA 92128. 1987. 295 pages, illustra
tions, appendix, index. Price $55.00 cloth 
(ISBN 0-87703-262-9), $45.00 paper (ISBN 
0-87703-263-7). 

This book is about the 24th Goddard Me
morial Symposium, held in March, 1986, at 
the Goddard Space Flight Center. After the 
Introduction, the principal sections are: "What 
Happens After Space Station," "Visionary 
Technologies," "The Human Role in the 
Quest of Space," and "Conclusion." 

Flyby: The Interplanetary Odyssey of 
Voyager 2. By Joel Davis. Atheneum 
Publishers, 115 Fifth Avenue, New York, NY 
10003. 1987. 256 pages, illustrations. Price 
$19.95 cloth (ISBN 0-689-11657-8). 

This book's chapters are as follows: "Be
fore Voyager," "The Perils of Voyager 2," 

"New Worlds," "The Quiet Cruise," "The 
Perils of Mark IV -A," "Closing In," "Far 
Encounters," "Flyby," and "Endings and Re
turns." I recommend this book if you are in
terested in this subject. 

Fifty Year Canon of Solar Eclipses: 1986-
2035. (NASA Reference Publication 1178 
Revised). By Fred Espenak. National 
Aeronautics and Space Administration, Code 
NTT-4, Washington, DC 20546-0001. 1987. 
278 pages, illustrations, appendices. Available 
for $19.95, cloth, from Sky Publishing Corp., 
P.O. Box 9111, Belmont, MA 02178-9111. 

The contents of this book are as follows: 
Section 1, "Solar Eclipse Catalog: 1901-
2100;" Section 2, "World Maps of Eclipse 
Paths: 1901-2100;" Section 3, "Central Path 
Catalog: 1986-2035;" Section 4, "Global 
Maps of Solar Eclipses: 1986-2035;" 
Appendix A, "Solar Eclipses;" and Appendix 
B, "Program SUNECL," a computer program. 
If you are interested in this subject, I recom
mend this book. 

Darkness at Night: A Riddle of the Universe. 
By Edward Harrison. Harvard University 
Press, 79 Garden St., Cambridge, MA 02138. 
1987. 264 pages, illustrations, bibliography, 
appendix, notes, and index. Price $25.00 cloth 
(ISBN 0-674-19270-2). 

This book's contents are: "Why is the Sky 
Dark at Night?," "The Riddle Begins" (three 
chapters), "The Riddle Develops" (six chap
ters), and "The Riddle Continues" (eight 
chapters). If you are interested in this subject, 
you will want this book on your shelf. 
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Meteor Showers: A Descriptive Catalog. By 
Gary W. Kronk. Enslow Publishers, Bloy 
Street and Ramsey Avenue, P.O. Box 777, 
Hillside, NJ 07205. 1987. 256 pages, illustra
tions, appendices, index. Price $24.50 paper 
(ISBN 0-89490-072-2). 

This catalog arranges meteor showers by 
month. It is recommended for meteor observ
ers. 

Space: The Next Twenty-five Years. By 
Thomas R. McDonough. John Wiley and 
Sons, 605 Third A venue, New York, NY 
10158. 1987. 237 pages, illustrations, refer
ences, index. Price $17.95 cloth (ISBN 0-471-
85671-1). 

The contents of this book are: "Space, 
The Final Frontier," "From Fire Arrows to 
Neil Armstrong," "Orbital Truck," "A Nice 
Place to Visit," "Star Wars," "Captain Kirk--



Here We Come," "A Room With a View," 
"The Man and Woman in the Moon," "Who 
Stole the Canals?," "Dinosaur Killers," "Near 
Neighbors," "Giant Worlds," "Glimpsing 
Infinity," "How to Build a Starship," "In 
Search of Extraterrestrial Intelligence," and 
"Footsteps into the Universe." I believe that 
you would like this book on your shelf. 

Meteorite Craters. By Kathleen Mark. 
University of Arizona Press, 1230 N. Park, 
No. 102, Tucson, AZ 85719. 1987. 288 pages, 
illustrations, references, index. Price $29.95 
cloth (ISBN 0-8165-09020-6). 

After a Preface and an Introduction, the 
contents are: "The Recognition of Meteor
ites," "Curious Landforms of the Colorado 
Plateau," "Meteor Crater, Arizona," "More 
Meteorite Craters," "Explosive Impact," 
"Cryptovolcanic Structures," "The Work of 
Harvey Harlow Nininger," "Meteorite Craters 
Known at Mid-Century," "The Craters of the 
Moon," "Coesite and Shatter Cones," Meteor
ite Craters in Canada and Crater Forms," 
"More Controversy, More Craters," "Impact 
Metamorphism," "The Bushveld Igneous 
Complex and the Vredefort Ring," "Sudbury: 
A Geologic Puzzle," and "The Origin of 
Tektites and the Significance of Cratering." If 
you are interested in meteorites, you will want 
this book. 

The International Encyclopedia of Astrono
my. Edited by Patrick Moore. Orion Books, 
225 Park Avenue South, New York, NY 
10003. 1987. 448 pages, color illustrations, ta
bles (no index). Price $40.00 cloth (ISBN 0-
517-56179-4). 

The major sections of this book are: "A 
Family Named Universe," "Big Bang," 
"Exploring Space," "Interstellar Matter," 
"Moons," "Pulsars," and "Superclusters." 
This is an outstanding book and, as a retired 
teacher of astronomy, I recommend it for the 
advanced student. 

Universe '87. Proceedings of a Meeting at 
Pomona College, Claremont, California on 
June 11-16, 1987. Edited by John Sanford. 
Orange County Astronomers, 2215 Martha 
A venue, Orange, CA 92667. 114 pages, ill us-

trations. Soft cover. Price $12.00 in the United 
States and Canada, $14.00 surface or $17.00 
air for other countries. 

The contents consist of: "In the Shadow 
of Kitt Peak: The Special Joy of Amateur 
Astronomy," "Searching for Supernovae," 
"The A.L.P.O. Lunar Selected Areas 
Program," "Galilean Peregrinations," "What 
to Report With Each Observation," "The 
Basics of Comet Hunting," "Exhibitors at the 
Meeting," "The Grasslands Observatory," 
"An Addiction to Astrophotography," 
"Variable Star Photometry in a Small Under
graduate Physics Department," "The Politics 
of Light Pollution," "A.S.P. and W.A.A. 
Award Summaries," "Light Pollution: An 
Amateur's Viewpoint," "Video Graze 
Occultations," "Eclipse Solar Diameter 
Measurements," "The 1983 Pallas 
Occultation: The Best Yet," "Observatories 
Versus Astronomical Seeing," and 
"Supernova Triggered Comet Showers." 
There is a Table of Contents, but no index. 
This book is an outstanding value. 

Riverside Telescope Makers Conference 
1987. Edited by John Sanford. OCA 
Publications, 2215 Martha Avenue, Orange, 
CA 92667. 1987. 65 pages, illustrations. Soft 
cover. Price $10.00 in the United States; else
where $12.50 surface or $14.00 air. 

This is a collection of papers given at the 
RTMC in May, 1987, including the following: 
"Fremont Peak Observatory," "On the Con
struction of a 10.5-inch Telescope," "What! 
Another Newtonian Design," "Konica 1600-
Facts and Fantasy," "Grinding and Polishing 
Hints for Larger Optics at Short Focal 
Ratios," "A Drive Corrector With a Hand 
Warmer," "A Telescope Maker's Wish List," 
"Merit Award List," "Photographs," "Dew
ing--What It Is and What to Do About It," "A 
Simple Star Tracker for Astrophotos," 
"Binoculars--There's More Than Meets the 
Eye," "The Orange County Astronomers Low 
Light Video System," "The Solano Tele
scope," "A New Unobstructed Reflector," and 
"In Search of the Clown--NGC 2392." There 
is a good Table of Contents, but no index .I be
lieve that you will be glad that you purchased 
this book after you see it. 

ANNOUNCEMENTS 

Hubble Space Telescope (HST)--The 
scheduled shuttle launch date for the HST 
has been moved up to December, 1989. We 
are still accepting Phase II amateur observ
ing proposals for the HST, but the postmark 
deadline for them is the next shuttle launch, 
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now scheduled for February 18, 1989. If you 
have submitted a Preliminary Proposal 
(Phase I) that has been approved for Phase 
II, you should send your Phase II proposal 
soon to: Walter H. Haas, 2225 Thomas 
Drive, Las Cruces, NM 88001. 



New l.A.L.P.O.Format.--We trust that by 
now everyone has noticed that our magazine's 
format has been changed; for example, in 
terms of type styles and number of columns. 
Now both the inside back cover and the page 
facing it are devoted to information about the 
A.L.P.O. For the technically minded, our 
pages are now composed using FullWrite 
Professional on a Macintosh II and a Laser
Writer liNT. This gives us more flexibility 
than our previous system and probably there 
will be some changes in style as we learn the 
new system. We always welcome suggestions 
from our readers. Although we state this goal 
with trepidation, we hope to maintain a regu
lar quarterly publication schedule, with each 
volume representing one calendar year, and 
with issues appearing in January, April, July, 
and October. [Wish us luck.] 

Strolling Astronomer Return Policy.--We 
have learned that some issues of the previous 
Strolling Astronomer had pages missing or 
duplicated. If this ever happens to you, please 
let the Director/Editor know and we will be 
happy to replace your imperfect copy. 

Foreign Subscribers' Surprise.--Due to 
a mistake by our mailing service, our overseas 
subscribers received their last issue (October, 
1988) via air mail. Fortunately for us, the ad
ditional cost was absorbed by the mailing ser
vice. We regret that we cannot afford this 
when we have to pay for it, so we hope that no 
one's expectations have been unduly raised! 

Five 1989 Meetings.--A.L.P.O. members 
will be interested in one or more of these five 
meetings scheduled in 1989: 

1. The A.L.P.O. Convention. We contin
ue with our plans to meet with the Western 
Amateur Astronomers in Pasadena, California 
for the Voyager-2 Neptune flyby, on August 
24, 1989. Our meeting will probably be held 
on the days immediately following the flyby, 
although we cannot give further details now 
because we go to press before the W.A.A. 
Board Meeting on January 14. 

2. Centennial Meeting of the Astronom
ical Society of the Pacific. Details of this spe
cial meeting were given in the previous issue 
(p. 280). It will be held in Berkeley, 
California on June 21-25, 1989. It now ap
pears likely that there will be an amateur as
tronomy seminar on the weekend of June 24-
25. For more information, write to: Berkeley 
Meeting Information, A.S.P., 390 Ashton 
Avenue, San Francisco, CA 94112. 

3. Division of Planetary Sciences. The 
Division of Planetary Sciences (DPS) of the 
American Astronomical Society has about 
550 members and is probably the most impor
tant group of planetary scientists. Their annual 
meetings are open to non-DPS members, and 
the next one will be held in Providence, 

Rhode Island at the Omni Biltmore Hotel, 
October 31-November 3, 1989. 

4. Astrophoto Vlll. This will be an ail
day astrophotography seminar/photographic 
exposition at California State University
Fullerton on Saturday, February 25, 1989. The 
cost of admission is $20, which includes two 
coffee breaks and a copy of the Proceedings. 
For information, contact: ASTROPHOTO 
VIII, 2215 Martha Avenue, Orange, CA 
92667. (Telephone 714-639-8446) 

5. Remote-Access Automatic Tele
scopes. This will be the lOth Annual 
Fairborn/I.A.P.P.P./Smithsonian Symposium, 
on March 15-18, 1989, in Tucson, Arizona. 
The contacts are: Program Chairman--David 
L. Crawford, KPNO, P.O. Box 26712, 
Tucson, AZ 85726 (telephone 602-325-9346); 
Local Host--Raymond E. White, University of 
Arizona, Steward Observatory, Tucson, AZ 
85721 (telephone 602-621-6528); and 
Accommodations--Hotel Park Houston, 5151 
E. Grant Road, Tucson, AZ 85712 (telephone 
602-323-6262). 
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Astronomical Society of the Pacific Pub
lications.-- The A.S.P. has two publications of 
interest to us. One is their 4-page The Solar 
System: An Introductory Bibliography (which 
also lists seven Solar System slide sets avail
able from them). For the bibliography, send 
two 25-cent stamps to: A.S.P., 390 Ashton 
Avenue, San Francisco, CA 94112. The other 
is a Moon Kit , with 18 slides and a 24-page 
booklet, for $24.45 (including postage and 
handling; California residents add sales tax; 
foreign purchasers add $3.00 additional). 

Two Worthwhile Organizations,--There 
are two new astronomical groups whose exist
ence should be of interest. The first is the 
International Dark-Sky Association, 3545 
N. Stewart Avenue, Tucson, AZ 85716. This 
organization is concerned with preserving our 
deteriorating skies; individual memberships 
are $20.00, which includes a quarterly news
letter. The second group, of more regional ap
peal, is Friends of the Observatory, which 
helps support the activities of Griffith Obser
vatory in Los Angeles. Memberships begin at 
$30.00 and include a subscription to the well
known monthly, The Griffith Observer. Write 
to: Friends of the Observatory, P.O. Box 886, 
Pacific Palisades, Ca 90272-9900. 

Astronomy Day, 1989.--Astronomy Day 
is now a tradition, and will be held on Satur
day, May 13, 1989. We can promote our spe
cialty via speaking programs and public view
ing sessions. Jupiter will be briefly visible in 
the west after sunset, while Mars will not set 
until mid-evening, about when Saturn rises. 
The 8-day Moon will be well-placed to show 
spectacular features like the Apennines and 
the Straight Wall. Check with local astrono
my institutions about plans for your area. 



Investigate anomalous phenomena with leading experts in the field. 
SUBSCRIBE TO . .. 

Journal of Scientific Exploration 
A Publication of the Society for Scientific Exploration 

:: 10: ~.: Jll.: ~.: ~,. l!" l! '. 
:, i.S_j iS_i i_S_i i_S_j i_S_j i_S_j 

I fs' fs' fs' fs' ~s' fs' 1 Editor: Bernhard M. Haisch, Lockheed Palo Alto Research 
i ! : 10 :. ,. :. " :. " ., ! ! ' Laboratory, Palo Alto, CA 
i sSe • • JOL'RNAL OF sSe ' ! ! ••1 sciE~TJFIC :! Associate Editors: Richard G. Fowler, University of Oklahoma 
1 

i_Sj EXPLORATION i_S.i i David M. Jacobs, Temple University 
! lsi lsi • Roy B. Mackal, University of Chicago 
1
', .: ~ ',::·~:::·:,·::;,",':,':: .. ::::::.:· .: l! : Earl F. McBride, University of Texas 

sSE sSE 

I ! ! .: l! .: l! .: l! .: l! : : : Robert L. Morris, University of Edinburgh 
. i.s.i i,Sj i,Sj i.s.i i,Sj i.s.i .

1

' Ron Westrum, Eastern Michigan University 

'I lsi !sJ(s](sJisJ !s! 
'fsl' 'fsl' fsl' '="s' fs' 'fsl' L lt:jjlt::lilt:jjiO:liiO:liiO:lil 

: o advance the study 
of anomalous phenomena, exchange and investigation of ideas 
related to these phenomena is essential. The JOURNAL OF SCIENTIFIC 
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open discussion and examination of the issues of unusual phenomena. 
The journal focuses on: (l) phenomena outside the current paradigms 
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paradigms but at variance with current scientific knowledge; 
(3) scientific methods used to study anomalous phenomena; and 
(4) the impact of unusual phenomena on science and society. 

Subscribe to this authoritative new journal today and explore the 
controversial issues of anomalous phenomena with the experts. 

Subscription Information 
Published 2 issues per annum ISSN 0892-3310 
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Two-year Institution Rate (1989 /90) US$ 
Professional Rate (1989) US$ 
Free sample copy available upon request. 
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Society for Scientific Exploration membership information available upon 
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apply to the nearest Pergamon office. Journal prices include postage and 
insurance. Advertising rate card available upon request. 
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H. Schmidt (USA), The Strang 
Properties of Psychokinesis. 

H.H. Bauer (USA). What Do We Mean 
by "Scientific"? 
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R.D. Nelson (USA), Engineering 
Anomalies Research. 
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A member of the Maxwell Communication Corporation Group of companies 

45 



Field Tnpod/Equator~al Wedge (for Models 2045, 2045/LX3) .... $224 
Alt.iaz. Adapter for Field Tripod (for Meade 8" & tO" Schmidt·Cass) $26 
Center Table Tripod Leg for High Lat.(4J0·69") (for 2045. 2045/LX3) $35 
Access. Shelf for Fmld Tripod (for Meade 4", 8", & tO" Schmidt·Cass) $26 
Carrymg Bag for Equatorial Wedge and Field Tnpod $79 
Bracket for 5x24mm Finder $t2 
Eyepiece Holder (.965") . . . . . $24 
Eyepiece Holder (t V4'') . . . . . $24 
Rotary Eyepmce Holder (t1f4") . . $t 05 
#AD·t Eyepmce Adapter (.965") $t2 
#AD-2 Eyepiece Adapter (t V4'') . . . $t B 
#924 Erecting Prism System (t1f4") . . $39 
#928 45" ErecHmage Roof Pnsm (11f4") . . . . . . . . . . $43 
#67t Wide-Field Adapter System, (WFAS), complete (11f4") .. $t05 
#64 T-Adapter only, for WFAS . . . . . . . . . . . . . . $27 
#9t9 Diagonal Prism w/Threaded Ring (1 V4'') for WFAS $32 
Telecompressor System. complete with Extender Tube $59 
Telecompressor Lens only . . . $40 
Eyepiece Extender Tube only . $16 
#929 2" Diagonal Mirror 

Includes eyepiece adapters for both 11f4'' and 2" .. $152 
Series 2 Orthoscopic Eyepmce (t1f4"): 

4. 6, 9, t2.5. tB. 25mm $49 
Super Plossl 

64, 97, 12.4. 15, 20, 26 
32, 40mm . 
56mm (2") 

Ultra Wide 4. 7mm . 
6.7mm ..... . 
B.Bmm (11f4-2") . 
14mm (1'14-2") . 

Super Wide Angle 

$64 
$83 

.... $t43 
$tt8 
$t44 

. .... $178 
.$t94 

13.Bmm $99 
16mm $t08 
24 5mm $t22 
~~~ ~n 
40mm (2") . $218 

#106C Off-Ax1s Guider Assembly, complete w/lllum. Reticle Eyepiece$129 
Oft·Axts Guider. Body only . . . . . . . . . . $59 
#419111umrnated Reticle Eyepmce only (t1f4") $79 
#t26 2X Telenegative Amplifier (2045. 2045/LX3) $39 
#t22 2X Telenegatrve Amplifier (for all 8" & tO" Schmrdt·Cassegrarns)$42 
#t27 2X·3X Variable Teleneg. Amp. (for all 8" & tO" Schmrdt-Cass) $59 
#t40 2X Telenegative Amplifier (for all 8" & tO" Schmidt·Cassegrarns)$59 
Photo-Visual Color Filter (11f4") thread-in: #8 Light Yellow. #1t Yellow· 

Green. #t2 Yellow, #21 Orange, #23A Light Red, #25A Red, #47 
Vrolet. #58 Green. #BOA Blue: each . . . . . . . . . $12 

Color Filter Polarizer (30% transmission) (11!4") thread-in $12 
Set of 6 Photo-Visual Color Filters (1 V4"): 

(#8. #23A. #58, #BOA, 2 polarizers) . . . . $72 
#905 Variable Polarizing Eyepiece System (1 1!4") $39 
Series VI Drop-in Filter Set (#tA Skylight. #8 Light Yellow, #t1 Yellow-

Green. #25 Red. #BOA Blue. Neutral Density ND4) $49 
#tA Skylight Filter/Dust Seal . . . . $42 
#908 Nebular Frlter (t1f4"), thread·rn $60 
#9t0 Nebular Filter (2") $99 
#911 Nebular Filter (rear cell thread-on) ................. $110 
#582 Dew Shield (4") (2045, 2045/LX3) $46 
#7t2 Dew Shield (B") (for Meade 8" Schmidt·Cassegrains) $56 

#7t0 Dew Shield (10") (for Meade tO" Schmidt-Cassegrarns) $89 
#62 T-Adapter (baSic camera adapter) . $28 
T -to-C 16mm MovieNideo Camera Adapter $28 
T ele-extender . $25 
Piggyback Bracket (2045, 2045/LX3) $2t 
Piggyback Bracket (for Meade 8" Schmrdt-Cassegrarns) $30 
Piggyback Bracket (for Meade t 0" Schmidt-Cassegrarns) $30 
Piggyback Bracket (for Meade t 0" Schmldt·Cassegrams) $29 
#2047 4" Mirror-Lens Cassegrain Photo-Guide Telescope, with Bracket 

(for Meade 8" Schmrdt·Cassegra1ns) .... $699 
Mounting Bracket only for Model 2047 . . .... $t69 
#2048 4" Mirror-Lens Cassegrain Photo-Guide Telescope, with Bracket 

(tor Meade 1 0" Schmidt-Cassegrains) . . $724 
Mount1ng Bracket only for Modei204B . .$t69 
#214PG 2" Photo-Guide Telescope with Mounting Bracket 

(for Meade 1 0" Schmidt-Cassegrains) . 
Deluxe Latitude AdJuster (2045, 2045/LX3) 
Setting Circle Illuminator System (for Meade 8" Schmidt-Cass) 
Setting Crrcle Illuminator System (for Meade t 0" Schmidt·Cass) . 
#36 Single-Axis/Dual Axis Drive Corrector Control Box 

$105 
$26 
$35 
$35 

(2045/LX3, 20BOILX3) 
#3BA Electric Declination System (2045/LX3) 
#36 Electrrc Decimation System (20801LX3) 
#39 Electrrc Decimation System (20801LX5, 2120/LX5) . 
# 1200 Electric Focuser 
# 1200A Electric Focuser 
Rrng (Tube) Counterwerght (2045, 2045/LX3) 
Low-Latitude Balance Weight (2045, 2045/LX3) 

$85 
$78 
$78 
$80 

CALL 
... CALL 

#t40t Tube Balance Werght System (for Meade B" Schmrdt-Cass) 
#1402 Tube Balance Weight System (for Meade 10" Schmidt-Cass) 
Extra 2-lb. Werghts for #140t or #t402. each 

$44 
$25 
$82 
$66 
$t4 

#607 25' Extension Cord for use with AC converter 
(2080/LX3, 2080/LX5, 21201LX5) 

L.E.D. Map Light (2045/LX3. 2080/LX3) 
CAT- 2080, 2t20, LX6, CB, tt, GEM 
DIGITAL SET-CIR.- 2080, 2t20, CB. tt, LX6 

(Installation available) 
#539 8x50mm Polar Illuminated Viewfinder with Bracket 

(for Meade 8" & 1 0" Schmidt-Cassegrains) . 
#967 9x60mm Polar Illuminated Viewfinder with Bracket 

(for Meade 8" & 10" Schmidt-Cassegrams) 

$18 
$26 

...... CALL 
.... CALL 

$99 

. $125 

$t49 

Spotting Scope Adapter Plate (for Meade 8" Schmidt-Cassegrams) $39 
Spottmg Scope Adapter Plate (for Meade t 0" Schmidt-Cassegrarns) $49 
Optional Systems for Previous Meade 8" & 1 0" Schmidt-Cass. Models: 

Equatorial Wedge (for Meade 8" Schmrdt·Cassegrarns) . $75 
Equatorial Wedge (for Meade 10" Schmidt-Cassegrains) $95 

Field Tripod (for Meade 8". tO") . $224 
#77 Photo Tripod . $80 
#605 Magnetic Compass (for attachment to equatorial wedges) . $20 
Azimuth Control (for field tripods) . . . . . . . . . . . . . . . . . . . . $25 
#36 Smgle-Axis/Duai·Axts Drrve Corrector Control Box (2t20/LX3) $79 
#38 Declination Motor Assembly (LX3) • $79 
TELESCOPE SPECIALS 

2080 LX5, 2120 LX5 
2080 LX6, 2120 LX6 
Model 226, 29t. 312, 323. 228 (Brass). 3t4 (Brass) 
MTS-SCB, SCtO, SN6, SNB, DStOA, DSt6A, 826C 
CALL OR WRITE FOR BEST PRICES 

#427 Illuminated Reticle Eyepiece System 
(.965") with #702A Double Crossline Retrcle $79 

#705A Micrometer Reticle $22 
#702A Double Crossline Retrcle $20 
Alternate .965" Barrel tor #4t9 $tO 
Alternate 11f4" Barrel for #427 $tO 
#46 Duai·AXIS Drrve .. $225 
#4t RA Drive Corrector (115V/60Hz and t2V DC) ......... $t49 
Lighter Plug, wrth t5' cable for Model4t $t7 
#43 R.A. Drrve Corrector (t2V DC only) . . $79 
#50 Accessory Case (20" x t2" x 6'12'') . $49 
#54 Accessory Case (B" x t2" x 3'¥4") . $t8 
#210PG 2" Photo·Guide Telescope $86 
Mountrng Brackets (2.38" I. D.), for #2tOPG, pair . $22 
#280PG 2.4" Photo·Guide Telescope $tt9 
#300PG 3t" Photo·Guide Telescope ......... $259 
Mounting Brackets (3.6" I.D.), for #2BOPG and #300PG. pair $22 
T-Rings, all types (spec. cam. make/model) . . . $10 
Schmidt-Cassegrains. Newtonians. Refractors-

all at prices too low to print! 

See ads in ASTRONOMY and S& T magazines 
• Call for FAX fine 
* We ship worldwide 

~~llll-0 Pauli's Optics will better any other advertised price. (Subject 

29 Kingswood Road 
Danbury, CT USA 06811 

to stock and mfgr. availability)- Trade-in's considered-
Telescope-Accessory Catalogue/Data Pack (1 lb.) $3.00 
Complete pkg.- Telescopes, Spotting Scopes, Accessories. Binoculars (21bs.) $5.00 
Minimum Shipping Charge (via UPS) $4.00 ~I . I l 
Showroom Hours 10 a.m.- 6 p.m .. Mon. thru Sat. ~ 3% credit charge VISA •• 
Phone Orders 9 a.m.- 9 p.m .. Mon. thru Sat. 
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TELESCOPES-Refractors 

SCHMIDTICASS. 
PcrNerStalll 
CI=<B 

"'""' CompusrarB 

} 
Latest 

"State of the Art" 

models 
SPCB. C11. C14 
Discontinued SP-C6. SPCBO. C90 Astra 

SPOTTING SCOPES 
C90 

TELEPHOTO 
JOOmmCAT 

Lens Hood 
Photo Filters 

BINOCULARS 
Nova 7:60 
Class~: 7x50 

Giani Deluxe 14x80 
Gi;mt Deluxe 14x100. 20x100 
OTHERS call or wnle 

SCHMIDT CAMERAS 
5 1 rz· Schmrdt Camera 
8" Schmdl Camera 
RoiiFdmAdaplcr 

ACCESSORIES-EYEPIECES 
Orthoscopic- 96"4. 5. 6. 7. 9. 12mm 
Kellner- .96" 10, 16, 25, 30, 40mm 
Zoom Orthoscopic- 96" 

8.4-21mm0rtho 1114" 

7-20mm Deluxe Zoom Ocular- _96" 

OrthoscopiC- 1 11<1"" 4, 5. 6. 7. 9. 12. 18. 25mm 
Ploss!- 1 114" 7.5. 10. 17. 22. 26. 30. 36. 45mm 

GENERAL ACCESSORIES 
Stereo Binoa.dar 
OigllaiSe\lrngCircles 

{lnstalla\lon available $99) 
Compustar AC Pwr Sup 
CompustarJoys\JCk 
Compustar Owne(s Manual 
Star O.agonalt 114" Multr-coated 
StarDragonal1114" 
Super Polarrs Half P1er 
T-Adapter-C. Catcher. Reh C4_5 
T Adapter ZoomMaste.-

$1295 
$1640 
$125 

Prggyback Mount CBO/SPCBO, C1021SPC102 
Polar Axrs Finder wflllumrnator 
Polans lllummator Banery {PX14) 
Polanzing Filter Assembly {needs LAR lor use on C90) 
Polanzrng Filter Set- 96'' 

PolariZing Filter Set- 2'' 
PorroPnsm 96" 

· $35 Reducing Bushrng 1 114''lo 96" 
$27 Series 5 Frlter Sel (6) Filters 

Senes 6 F1llor Set (6) F1llers 
Sky Maps Star Alias_ plastic cld pgs . plus ptanesphere 
Skyhght Filer Model #I {C90's) 
Skyhghl F11ter Model #2 {5!8/11114) 

$<12 Star Diagonal .96"" 
$61 

T -C \6mm Adapter 

$445 Table Top Mount 
$359 Tangent Assembly 

FramelorTangen\-11'. 14' 

$295 Tete-Compressor 
$89 Tete-Extender 
$8 Tete-Extender (Retractor. Newton1an) 

$35 TnJ:Od- 11114 
$26 Visual Back- _96" 
$89 Visual Back- 1 114"" {Needs LAR lor use on C90) 

$24 Wedge- 518 
$29 Heavy Duty Wedge- 8" {lor Compustar 8) 

~· $1~ --$1~ 
$1~ 

m 
~ 
$1~ 

$12~ 

--m 
rn 
~ 
$6 

$106 

'" "0 
$57 

$32 
$37 

~4 

'" $75 
$79 

$49 
~7 

$20 

$'4 
$40 

$49 

Deluxe lill1lude AdJuster 

Expanding Bush1ng- 96'' to 1 1/4' 

Evep1ecc Filter Set- 1 114'' {8) {6) (4) 
Eyep1ece F1ller Set- 2" 
F11ter Adapter- _96 
Filler Adapter- 1 114"" 

Fmderscopc 5x24 lor C90 
Roght Angle F1nder- 6x30 
RA F1nder w!Pol Align Rei 

BxSO (lor C8} {C11. C14) 

$29 
$35 
$18 

$171 
$228 
$119 
$219 

$14 

$7:1 
$12 

'" $30 
$39 

$119 

Fmdcrscope- Spotting Scopes (C65/SS601SS50) $39 

Heavy Duty Drrve Corrector $344 
Ilium Ret Ocular Assy (only) $7fl 

-~~~ -Ilium Prot Rei 1114'' $129 
Image Corrector-\ 114" $31 

Large Accessory R1ng {LAR) C'lO $1 7 

Multiple Ocular Holder- 96'' $79 
Olf AxiS Gu1d1ng System $1 :J4 
Off AXIS Guider Body {only) $~9 

OptK:S Clean1ng K1t $20 
Permanent P1er- 811111<1 
(Spec lat~udc & Telescope) $1195 

Photo Tnpod Adapter- 8"" $46 

Photographic T npod $8S 
P1ggybackMoun1- a··. 11"". 14'' $29 

LPRF11ter- #?, $125. #3. $44: #S. $79 #7 $84 
LunarFIItcr-1114'' $12 
Oculars- each 2"- 18mm Or. 25mm Or, 32mm Er 

40mm Or. SOmm PL 60mm K. 70mmK 

$195 
$2B 

$37 
$60 
$37 

$/0 
$13 
$50 

$129 

$10 Counterweight Bar A.ssP-mbly 11' ll" 
Counterweight Set- 8"". 5190 

$42 
$32 
$B9 
$41 
$(5 

$49 
$10 

$365 
$64 ~B .,4 

$249 

$57 
$49 

'" 

DEC Control (only)- B" 

Transtar- Tn[XId Wheels (lock1ng) 
T R1ngs- All Br_ (spcc1ly camera make/model) 

Wedge--11114 
W1destar Ooagonal- 2" (Star Diag ) 

35mm COLOR SLIDES 
Seltt1. #2. #3, #4 $1? 

$36 ·Telescope-Accessory Catalogue/Data Pack {1 lb.) $3_00 

~~~ ·Complete pkg. -Telescopes, SpoU1ng Scopes. 

$24 Accessories, Binoculars (2 lbs.) $5.00 
$74 
$ 184 •Mintmum Shtpping Charge (UPS) $4.00 

PUBLICATIONS 
General or Acce:.sory Ce~tai!XJ $ 2 
SCB PtusiPowerstar SP-Cil. C90 C11114 manuals ea $5 

Schm1dl Camera Mcmual $3 
Product Gu1de & Hcll3ool\ $19 

SlarwalchSiarAIIils{158pg.~-J $0 

Please call or write for 

price quote on any item not listed 

_i--==a 1111 =----= 

Wholesale Optics 

29 Kingswood Road 
Danbury. CT 06811 USA 

(203)-746-3579 

3% credit charge 

1(+1 
·Trade-in's cons1dered 

·Call lor FAX Line 

·Worldw1de Sh1pping 

~ 

Showroom Hours 10 a.m. 6 p.m .. Mon. thru Sat 

Phone Orders 9 a.m. 9 p.m. 7 Days (Jan -Dec.) 
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•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
Available from: A.L.P.O., P.O. Box 16131, San Francisco, CA 94116, U.S.A.--

<!) The A.L.P.O. Solar System Ephemeris: 1989. $6.00 in the United States, Canada, and 
Mexico; $8.50 elsewhere (airmail included). 100 pages of tables, graphs, and maps describ
ing the positions and appearances of the Sun, Moon, each major planet, the readily observ
able planetary satellites, Minor Planets, meteors, and comets. Make payment to "A.L.P.O." 

@ An Introductory Bibliography for Solar System Observers. Free for a stamped, self
addressed envelope. A 4-page list of books and magazines about Solar System bodies and 
how to observe them. The current edition was updated in August, 1988 . 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
Available from: A.L.P.O. Membership Secretary, P.O. Box 143, Heber Springs, AR 
72543, U.S.A.--The A.L.P.O.'s Observing Sections--1988/89. Free; just send a stamped, 
self-addressed envelope. A 12-page description of each Observing Section's personnel, 
projects, and publications . 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
Available from: Walter H. Haas, 2225 Thomas Drive, Las Cruces, NM 88001, U.S.A.-
Back issues of The Strolling Astronomer (JA.L.P.O.). The following are still in stock but 
may not long remain so. In this list, volume numbers are in italics, issue numbers are not, 
years are given in parentheses, and prices are $1.50 per issue unless otherwise stated. 
Discounts can be arranged for purchases over $20. Make payment to "Walter H. Haas." 

1 (1947); 4 and 6. 8 (1954); 7-8. 11 (1957); 11-12. 15 (1961); 11-12. 
18 (1964); 11-12. 19 (1965-66); 5-6, and 7-8. 20 (1967-68); 7-8, and 9-10. 

21 (1968-69); 3-4 and 7-8. 22 (1970-71); 7-8, and 11-12. 
23 (1971-72); 3-4,7-8,9-10 and 11-12. 25 (1974-76); 1-2,3-4,7-8,9-10, and 11-12. 

26 (1976-77); 1-2,3-4,5-6,9-10, and 11-12. [each $1.75] 
27 (1977-79); 3-4,5-6,7-8,9-10, and 11-12. [each $1.75] 

28 (1979-81); 1-2, 3-4, and 7-8. [each $1.75] 29 (1981-83); 7-8. [each $2.00] 
30 (1983-84); 3-4. [each $2.50] 

31 (1985-86); 1-2, 3-4, 5-6, 7-8, and 9-10. [each $2.50] 
32 (1987-88); 1-2, 5-6, 9-10, and 11-12. [each $2.50] 

KEEPING YOUR MEMBERSIDP CURRENT--Because all A.L.P.O. memberships in
clude a subscription to the Strolling Astronomer (J.A.L.P.O.), the top line of your 
mailing label gives the volume and issue number for which your dues will expire 
(e.g., "33.03" means Volume 33, Numbers 1-3). We also include a First Renewal 
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