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The three partially destroyed lunar rings Parry (lower right, 45 kms. in 
diameter), Bonpland (bottom, 57 kms.), and Fra Mauro (center, 92 kms.) 
are in the foreground of this wide-angle oblique view from the Apollo-16 
metric camera, which extends north to Copernicus, on the horizon 600 kms. 
distant. The low solar elevation, colongitude= 21 ' , brings out the rugged 
small-scale relief of this area. Photograph AS16-1420, available for loan 
in the ALPO Lunar Photograph Library. See also text on pages 35-39. 
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REPORT ON THE ALPO LUNAR TRANSIENT PHENOMENA OBSERVING PROGRAM 

By: Winifred Sawtell Cameron 
A.L.P.O. Lunar Recorder 

and 
National Space Science Data Center 

The formal program for observations of Lunar Transient Phenomena (LTP) for the 
Association of Lunar and Planetary Observers (ALPO) was first announced in Vol. 23, 
Nos. 9-10 of The Strolling Astronomer. In this issue the suggested methods of obser­
vation were given, and the call for observers was made. The gratifying response 
elicited 32 observers (l/6 of whom are women) showing interest in observing for program 
(alphabetically listed in Table 1). The response in observations, however, is somewhat 
disappointing since only some six observers have reported with any regularity in the 
15 months the program has been operating. Three others (all from countries other than 
the U.S.) have sent in a few reports, usually of features other than those assigned to 
them. Each observer was assigned four LTP sites, one non-LTP comparison site, and one 
of Latham's Seismic Zones. 

The main objectives for the program are: (1) to monitor LTP sites and non-LTP 
comparison sites for normal as well as abnormal aspects in a random night observing 
format; (2) to establish quantitative albedo scales for each feature for each sunlit 
day (to decrease or eliminate the waxing phase bias of historic observations); (3) to 
establish a quantitative seeing scale based on the behavior of a star's diffraction 
disk. The first step for the observer was to set up his own albedo scale by observing 
at Full Moon and to produce a gray scale based on Elger's gray scale, with either pen­
cil shadings or exposed film or paper. 

The goal of randomness required that sites be observed at all ages of the Moon 
(scattered in time) both while the observed feature was sunlit and if possible while 
it was in darkness too. Each feature was to be observed at least twice, with observa­
tions at least 10 minutes apart. In order to produce albedo tables, every time a fea­
ture was observed, each point was to be monitored and its albedo estimated by using 
the established gray scale. Several points in the crater were to be chosen with one 
on the nearby north or south plain as a comparison point. North or south was desirable 
in order to maintain the same relationship to the terminator-as-for "ffiefeature. 
Ideally, several sets of albedo estimates for each sunlit day of a lunation would be 
obtained over a long period. Eventually, albedo charts even for each few degrees of 
colongitude might be produced. Bartlett for Aristarchus (1967) and Proclus (private 
communication) and Vaucher (1973) for Alphonsus have reported albedos in such a manner. 
To date, only one feature (viz, Dawes) approaches the ideal of measures for each day 
of the Moon's age; therefore, it will be the one that I will most fully analyze here. 

Procedures to produce a seeing scale were described in Vol. 23, Nos. 9-10 of The 
Strolling Astronomer (W. Cameron, 1972). It should be emphasized here, though, tha~ 
in order to produce a standard quantification of seeing conditions the observer always 
should rack the eyepiece the same amount; e.g., one complete turn, and in the same di­
rection, e.g., clockwise; and estimate the amounts of the two motions of that diffrac­
tion disk: (a) amount of expansion, and (b) amount of excursion of the image, in terms 
of fractions of the field of view (FOV) of his telescope. A more accurate method of 
determining the size of the expanded (and smallest) disk would be to time first the 
interval between successive drifting disappearances of the east and west edges of the 
disk (set at the edge of the FOV), and then to determine the interval of time it takes 
the image to drift across the whole field of view. The intervals of time between suc­
cessive blow-ups to the largest disk should also be timed. The amount of expansion 
gives an estimate of the amplitude of the wave that causes blurring (Baker, 1950), and 
the interval between expansions gives an estimate of the wavelength. The excursion 
motions, in turn, give estimates of the other type of "seeing" aberration -- scinti 1-
lation. One type originates from turbulence a few feet above the ground and the other 
type from turbulence at a higher altitude. 

In the period from June, 1972 through August, 1973 a total of 117 observing nights 
were reported. A few more were reported prior to June, 1972. Among these 117 nights 
{75 with albedo measures) were 13 lunar transient phenomena (Table 2). Five of the 13 
were reported on nights when other negative observations were reported, and eight were 
of phenomena only. With relatively few observers reporting, there were no coincidences 
of dates, times, and features in the observations. The nearest coincidence in time was 
14 hours, but observations were of different features. 

Of the thirteen nights of positive reports, five were of non-LTP sites. Three 
sites had two reports each: Aristarchus, Lyell (or near it), and Calippus (or near it). 



Observer 

s. Anthony 
J. Bartlett* 
I. Beck 
J. Benton 
R. Borek 
G. Cheva 1 i er 
F. Dachi 11 e* 
L. da Silva 
E. Davis 
K. Delano** 

R. Dezmelyk 
R. Engstrom 
J. Fontana 
M. Fornarucci 
B. Frank 

J. Galgocy 
D. Gens 
D. Harral d* 
R. Hill 
M. Huddleston 

P. Jean 
z. Kleinman 
T. Lynch 
L. Mal eske 
B. McClellan 

G. Persson 
R. Peterson 
A. Porter 
H. Stelzer 
T. Traub 

M. Val en tine 
G. Vargo 

(& Assoc.) 
J. West 

Table 1. LTP Program Observers 

Location 

Warren, PA 
Baltimore, MD 
Wadsworth, OH 
Savannah, GA 
Lancaster, CA 
Quebec, Canada 
Univ. Park, PA 
Curitiba, Brazil 
Youngs vi 11 e, PA 
Taunton, MA· 

Newton Square, PA 
Warren, PA 
Peekskill, NY 
Garfield, NJ 
Hopkins, MN 

Philadelphia, PA 
Youngsvi 11 e, PA 
Cleveland, OH 
Greensboro, NC 
Mesquite, TX 

Montreal, Canada 
Harrisburg, PA 
Pittsburgh, PA 
Las Cruces, NM 
Canoga Park, CA 

H vi dovre, Denmark 
W. Palm Beach, FL 
Narragansett, RI 
River Forest, I L 
Warren, PA 

Clarendon, PA 
Pittsburgh, PA 

Bryan, TX 

Telescope(s) 

3R, 4L, 5L 
6L 

6L 

10.5L 
l3R 

2R 
12L 

4L 

6L 
6L 

2R 
2R 

6L, 2R, lOL 

4R 

6L 

6L 
6L 

8L 

5R, 6L, 13R 

8L 
TOTAL 

*Part time observer. 

No. of 
Nights 
~ 

10 

2 

(3) 
( 1) 

(4) 
23 

7 

10 

3 

6 
1 

4 

40 

3 

117 

No. of 
Features 

Obs. 

10 

7 

( 43) 
( 1) 

(4) 
75 

28 

23 

15 

29 
1 

16 

119 

11 

382 

**Observer on another program reports phenomena and sometimes normal aspects to me. 
( ) Prior to June, 1972. 

R = Refractor 
L = Reflector 

I consider eight of the thirteen pas iti ve reports as probably true phenomena (one of 
which was given as a non-LTP, but I rated it similar to other LTP reports and listed 
it as one). There are other cases (e.g., Dawes) where LTP were not reported, or rather, 
were reported as normal, but in which the albedos indicate anomalies. In most cases, 
however, there are still not enough observations for the same lunar age to establish 
the normal albedo for that age. In one LTP report, the observer noted a brightening of 
three of his points (but two remained steady). In this case (Dawes), however, other 
nights of reported albedos at the same age suggest that this observer witnessed the 
ending of a dimming phenomenon and the subsequent return to normal. Such changes can 
be confirmed when we have the average of several albedo measures for a given age (or 
small range of colongitudes) for each feature. The outlook appears promising, and 
the efforts of these observers will establish for the first time a quantitative basis 
for comparison and detection of real lunar anomalies. 

The estimates for "seeing" conditions are establishing a quantitative base for 
this usually arbitrary and subjective estimate. Some of the results have been surprising. 
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Date U.T. 
!!Q.:_ ~~Year Time Feature 

Table 2. LTP Reports 

Days 
¢.+ from 
__!._ ~ 

Dist 
from 

Col. Term Age 

Solar 
Effects 

(g;.~ 
1 2/23/72** 0010-0035 Piton 

~ ~ Description 

lW 41N Usual visual 
shadow W. of 
Pi ton absent 

Fomarucci 0.188-6.1 
~~__!!__ 

12 11 (R) 1 8,0 

10 

11 

12 

7!26!72 

11/10/72 

2140-2205 Aristarchus47W 23N Two brilliant da Silva 
pts. right 

2342 Lyell 

more bril-
liant than 
left (obs. 
says no LTP) 

41E 14N Dull grayish Bartlett 
white spot 4o 
like a c.p. 

12/11/72* 2035 Alfraganus 17E 6S Red color on Jean 
2030-2142 limb E 

equator area 
(chrom. aber. ?) 

12/14/72* 2210 Proclus 46E 16N Reddish-yeT- Jean 
low at crater 
(chrom. aber?) 
no variations 

1/25/73 1015 (Calippus ot?)lOE37N Bright spot Frank 
s. of Cal ippus (peak?) in 

dark part nr. 
term. 

2/12/73 2230-0130 Dawes 26E 17N Brightening Porter 
to 

2/13/73 

2/13/73 

5/6/73 

6/6/73 

6/15/73 

7/14/73 

of some but 
not all his 
points (really 
caught end of 
dirrming)? 

2346 Calippus TOE 38'-l Dark patch & Frank 
over east of 
crater-never 
seen before 
or since 

0448 Reiner 56W 7N Slow bright- Bell 
ening then 
blue-white 
flash, slow 

~~=~gse 
0240-0330 tiE M.Tranq.42:E 13:N Obscuration on Jean 

(nr. Lyell?) sea 
Peirce 53E 17N Peirce obscured 

in red & blue 
filter 

Piccolomini32E 305 red on crater 
( chrom. aber?) 

0621 Aristarchus47W 23N Pinkish red Bartlett 
glow on E. wall 
(where usually 
sees violet) 

0215-0305 Godin 10E 2N A 1 be do changes Porter 
of some points 
yellow on rim; 
atm? 

0,711+0,6 102 55(R) 16.1 4+;25 

12~lS) 2 

o. 649-10.0 329 103(R) 4. 9 2-;9-

0. 730-8.6 344 1 (R) 6.0 S.C.-1 

2-;6-

0.836-5.5 21 67(R) 9.1 S.C.+l 

3;17-

0.308+6,5 172 -2(S) 20.8 5;26+ 

0.982-4.4 31 57(R) 9.6 M.S. 
3,3-; 
17,7 

0.020-3.4 44 54(R) 10.6 M.S. 
3-;7 

0.070.11.0 313 103(R) 3,3 S.C. 
4+;18 

0.158-9.7 331 13(R) 4.9 

0.158-9.7 331 24(R) 4.9 

0.158-9.7 331 3(R) 4.9 

0.482-0.6 83 36(R) 14.1 S.C.-2 

0.498-1.4 75 85(R) 13.6 

13 7/18/73 0330-0345 Lalande 8W 55 Star-like pt. Galgocy 0.643+2.6 124 64(S) 17.6 
variations 
1-25 seen only 
at 40X 

14 7 /26/72+ 0800 Limbs Two beams fr001 Benton, 0.710 0.0 90 lBO{R) 15.5 4+;25 
limb regions Mrs. Benton O(R) 
down to earth 

*Apollo 17 watch 
**Date is prior to LTP program, but reported by a 

participant. 

-ft~nu=s~:,as:i s0:a ,annC::~:~e~ec ~::::v~t ion. 

JR = rising terminator 
3s "' setting terminator 
4Exp"' expansion of star's disk 
Exc = excursion of star's disk 

Location 
and Albedo 

Telescope LTP Normal Plain 

Garfield NJ 5 4.5 
6l,250X 

Rio, Brazil 10? 9? 
13R, 224X 

Salt. • MD 
3R, 54-200X 

Montreal, Can.3 3? 
4R,250X 

Montreal. Can. 2 8? 
4R. 250X (above 

nonnal?) 
10? 

Hopkins1 MN 8.5 
6L, 190X 

7? 

2? 

Narrangansett, 5-8 6.5 3.2 
RI 
6L, 96. 5X 

Seeing 

Exp3 4 
Sm Exc 
Lg Dist 
Time Time 

S•F 
T•3.5 

S•V .G. 

1/70 1/30 
S•V.G. 
T•0-4 

1f45 

Hopkins,MN 3.5: 4.5 
6L,190X 

4.5 1/20 1/20 

Jf15 a' 

Lodi 1 CA 
8.5l,142X 

3? 3? 
4 mag above nonna 1 

Montreal,Can. 1.5? 1.5? S=V.G. 
4R,250X (belcrw nonnal?) T=3 

2.5? 2.5? 
(below nonnal?) 

Salt., MD 8? 5? 71 S•3 
3R,54-200X T•3 

Narragansett6.9 6.9 S•F 
RI 
6L,96X 

Wash., NJ 10' 8' 6' S•V.G. 
2R,40,64X 

Salt. ,MD S•E 
naked eye 

Judging from the reported star disk motions, I would have expected the estimates of very 
good seeing to accompany small expansion disks and long time intervals between expansions 
and excursions. Instead, observers have reported seeing conditions as excellent when the 
disk behavior suggested turbulence! (See Table 3.) Again, it is too early to establish a 
table of disk motions with a related letter or numerical scale such as the Antoniadi 
scale of seeing. The time intervals between successive similar motions are very important, 
especially for comparison with variations of lunar phenomena. If the variations are syn­
chronous with the star disk motions, it is probable that those variations are due to ter­
restrial atmospheric phenomena. On the other hand, if they differ in timing, the phenomena 
are likely to be truly lunar rather than terrestrial. The observers who have been report­
ing have shown that the objectives of the program can be attained. It is urged that others 
who have expressed a desire to participate will indeed do so whenever possible. 

For some of the analyses to follow, I will use the feature which has the most complete 
record, viz, the crater Dawes. The observer of Dawes has been rewarded with catching a 
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Table 3, Total Observations of Dawes {26°E, lJON) Sunrise at 334° Co1ong., Sunset at 154° Co1ong. 

Points 

Date Time (UT) Av9 Av9 

1 0.915 10/21/72 0150-0300 
2 o.ooo 11/22/72 0035-0230 8,8,8,8,8 8,0 3,4,4,4,4.5 3.9 3,3,3,3,3 

3 0.761 01/9-10/73 2245,0015 5,4.5 4.8 6.5,6 6.25 3.4,4 

4 0.796 01/10/73 2250,2320 2.5,2 2.25 4.5,5 4.75 5,4.5 

0.832 01/11-12/73 2320-0030 4,3,3.5 3.5 6,5.5,5.5 5.7 6,5,6 

0.973 01/15-16/73 2330,0015 5.5,6.5 6.0 5,5.5 5.25 5.5,6 

7 '0.009 01/16-17/73 2325,0100 5.5,5 5.25 5,5.5 5,25 6,6 

8 0.045 01/18/73 0010,0200 5.5,5.5 5.5 6,6 6.0 6,6 

9 0.196 01/22/73 0325,0350 3.5,3.5 3.5 4,4.5 4.25 4,4 

10 0.874 02/10/73 0000-0215 5,4,4 4.3 5.5,6,5.5 5.7 6,5,5 

11 0.982 02/12-13/73* 0030-2355* 4,6,6,6,5.5 5.5 6.5,6.5,6.5,6.5,6.5 I 
6.5 4,6.5,6.5,5,6 

12 0.185 02/18/73 0130-0215 6,5.5 

13 0.226 02/19/73 0115,0150 6,5.5 

14 0.266 02/20/83 0255,0340 6,5 

15 o. 988 03/9-10/73 2350,0035 5.5 ,5. 5 

16 0.138 03/13-14/73 2345,0150 6,6 

17 0.135 04/9-10/73 2350-0125 3.5,3,3 

18 0.313 04/14-15/73 2330,0005 7.5,7.5 

19 0.261 06/09/73 0030,0100 4,5 

20 0.444 06/14/73 0335,0400 6,6 

21 0.212 07/06/73 0100-0200 2,2,2 

22 0.251 07/07/73 0110,0230 4,4 

23 0.283 07/08/73 0030-0100 4.5,4 

24 0.322 07/09/73 0100-0220 4,4,4 

25 0.459 07/13/7-ft 0040,0110 6.5,6.5 

26 0.498 07/14/73 0215,0250 6.5,6.5 

27 0.534 07/15/73 0120,0150 6,6 

5.5,5,6 

6,6 

3,3,3 

4,4,4 

5.75 5.5,5.5 

5.75 5.5,5.5 

5.5 4: ,5.5 

5.5 5,5 

6.0 6.5,6.5 

3.4 6,6,6 

7.5 8,8 

4.5 6,6.5 

6.0 6,6 

2.0 6.5,6.5,6.5 

4.0 6,6 

4.25 5.5: ,6.5 

4.0 5.5,6,6 

6.5 6,6 

6.5 6,6 

6.0 5,5,5.5 

5.5 4,5,5 

6.0 5,5 

3.0 6,5,6,5,6.5 

4.0 6,6,6 

28 0.608 07/17/73 0420-0515 

29 o. 675 07/19/73 0245,0315 

30 o. 275 08/05/73 0000-0030 

31 0.311 08/06/73 0030-0125 

32 o. 346 08/07/73 0020-0115 

33 0.386 08/08/73 0145,0240 

34 0.636 08/15/73 0200,0310 

35 o. 707 08/17/73 0130-0230 

36 0.743 08/18173 0230-0330 

4.5,4,5,4.5 4.5 6.5,6,5,6,5 

*l TP reported in Dawes 

1'"LTP reported in Godin 

5,5 5.0 6,6 

6,6 6.0 5.5,5.5 

6,6,6 6.0 5,5,5 

6.5 6.5 6 

5.5 6,6 

5.5 6,6 

4.75:3.5: ,5.5 

5.0 7,7 

6.5 6,6 

6.0 4,3,3.5 

8.0 7.5,7 .5 

6.25 5,5.5 

6.0 6,6 

6.5 2.5,2.5,2.5 

6.0 4,4 

6.0: 4,4 

5,8 4,4,4 

6.0 6.5,6.5 

6.0 6.5,6.5 

5.5 6,6 

4.7 5,5.5,5.5 

5.0 5.5,5.5 

6.5 3,3,3 

6.0 5,5,5 

6.5 4.5,4.5,4.5 

6.0 5,5 

5.5 6,6 

5.0 4.5,4.5,4.5 

6.0 6.5 

Col 
Av9 Avg E(nrby plain) Avg (deg) 

74 

3.0 4,4,4,4.5,4.5 4.2 3,3,4,2.5,3 3.1 103 

2.5 337 

2.5 350 

2.3 

3.7 4.5,4.5 4.5 2.5,2.5 

4.75 2.5,3 2.75 2.5,2.5 

5.7 3.5,3,3.5 3.3 2,2.5,2.5 
5.75 4.5,5.5 5.0 2,2 2.0 51 

3.0 63 

2.5 76 

3.0 126 

3.3 355 

6.0 6,6 6.0 3,3 

6.0 7,7 7.0 2.5,2.5 

4.0 8,8.5 8.25 3,3 

5.3 4.5,4.5,4 4.3 3,3.5,3.5 

5.6 4,6,5.5,6,6 

6,0 7,7 

6.0 7.5,7.5 

4.5:8.5,8.5 

7.0 5.5,5,5 

6.0 4.5,4.5 

3.5 5,4,4 

7.5 8,8 

5.25 4.5,4 

6.0 6.5,6.5 
2.5 5.5,5.5,5.5 

4.0 4.5,4.5 

4.0 4.5,4 

4.0 3.5,3.5,3.5 

6.5 6,5,6.5 

6.5 7,7 

6.0 6.5,6.5 

5.3 7 ,7,7 

5.5 8,8 

3.0 3.5,3.5,3.5 

5.0 4.5,4.5,4.5 

4.5 5,5,5 

5.0 5,5 

6.0 7,7 

4.5 7,7 ,7 

6.5 8.5 

5,5 3,3.5,3.5,3,3 3.2 32 

7.0 2.5,2.5 2.5 93 

7.5 2.5,2 2.25 105 

8.5 2.5,2.5 2.5 118 

5.5 3.5,3.5 3.5 336 

4.5 3,3 3.0 25 

4.3 3,2.5,2.5 2.7 354 
8.0 2.5,2.5 2.5 55 

4.25 3.5,3.5 3.5 6.5 

6.5 3,3 3.0 69 

5.5 2.5,2.5,2.5 2.5 337 

4.5 4.5,4.5 

4.25 3,3.5 

3.5 3,3,3 

6.5 3,3 

7.0 2.5,2.5 

6.5 2.5,2.5 

7.0 3,3,3 

8.0 2.5,2.5 

3.5 2.5,2.5,2.5 

4.5 3,3,3 

5.0 2.5,2.5,2.5 

5.0 4,4 

7.0 2,2 

7.0 3.5,3.5,3.5 

8.5 2.5 

4.5 350 

3.25 1 
3.0 14 

3.0 62 

2.5 75 

2.5 86 

3.0 113 

2.5 136 

2.5 343 

3.0 355 

2.5 

4.0 21 
2,0 106 

3.5 130 

2.5 143 

phenomenon in this feature, and, in fact, in another of his features (Godin). Thus he 
has seen two phenomena (possibly more) in 40 nights of observing, which represent 86 sep­
arate times and 430 point observations (of which 35 we_re involved in the phenomena)~ I 
conclude that, based on his experience, one can expect to see a recognizable phenomenon 
with a frequency of less than once in 10 times of observing. 

Table 3 lists all the observations for Dawes reported through August 31, 1973, with 
auxiliary data from whfch analyses were made. Table 4 is the albedo chart for this fea­
ture. One can see from Table 4 that only 2 days are lacking measures for the whole lunar 
age cycle when the feature is sunlit. The sunrise and sunset lines are averages for these 
ages since they can shift by 1 l/2 days either way, depending on the shape of the 1 unar 
orbit which changes its ellipticity in a 14-month cycle. (See Figure 1.) Note the LTP 
observations compared with estimates for other dates at age 9 days in Table 4. (There are 
three nights of observations for this age.) For the LTP estimates (five for each point) 
the first estimate was four (for point A), the next a few minutes later was six, and fol­
lowing estimates remained higher. Similarly for points C and D the first estimate was 
low, and the later ones were higher. Note also that point B and pointE (the nearby plain 
comparison point) did not change. Note also that the measures for other dates are the 
higher ones, except for point D. This relation is the basis for my suspicion that the 
observer actually saw the end of a dimming phenomenon and the return to normal. 
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Dist 
from See in 
tenn Exp T Exc 
.l.i!!a) .§!'. ....ba ili£1. ill. £B. fu£) 
100( R) 9/4 

51(5) 1/45 

3(R) 1/40 

16(R) 1/35 

1/25 4 

1/20 2 

1/25 

7/4 1/20 5 

6/4.5 1!15 

29(R) 1/50 1/25 3 7/4.5 1/20 

77(R) 1/130 1/65 2 8/3 1/30 5 

89(R) 

102(5) 1/50 

28(5) 1/60 

2l(R) 1/60 

58(R) 1/70 

61(Rl 1/60 
119(5 
49(5) 1/60 

36(5) 1/70 

1/35 2 

1/30 1 

1/40 3 

1/45 

1/30 

1/45 2 
1/45 2 

7/3 

6/3 

5/4 

1/25 

1/25 

5/4 1/40 

VG/0-4 1/30 

8/4 1/30 4 

5/4 1/40 4 

6/4 1/30 3 

2(R) 1/70 1/55 3 6/4 1/25 5 

51(R) 1/100 1/75 4 4/3.5 1/40 6 

20(R) 1/110 1/55 3 8/3 1/30 2 

8l(R) 1/75 1/50 3 8/0-3 1/30 

32.5(R) 1/60 
95(R) 1/105 

3(R) 1/85 

16(R) 1/60 

27(R) 

40(R) 1/75 

88(R) 1/80 

10l(R) 1/60 

112(R) 1/75 

41(5) 1/120 

18(5) 1/90 

9(R) 

21(R) 1/105 

34(R) 1!80 

1/40 1 

1/70 3 

1/65 

9/0 

5/4 

4/4 

1/50 

1/70 4 

1/50 3 

1/40 7/l-5 1/20 4 

6/0 

1/50 4 3/0-4 1/25 2 

1/40 ·2 3/0-2 1/30 1 

1/45 2 3/2 1/20 3 

1/50 3 4/1 1/30 2 

l/80 6 4/1 1/60 3 

1/60 4 3/5 1/50 5 

7/0 

1/70 3 5-6/1 1/50 5 

1/60 3 5/0-3 1/40 4 

47(R) 1/75 1/55 8/3 1/20 3 

48(5) 1/80 1/55 

24(5) 1/80 1/60 

11 (5) 1/80 l/40 

6/3 1/30 4 

1/30 

4/2 1/20 

Days 
from 

Tab 1e 3 (Cont.) 

Date 

Age F.M. A1t 
_!.. ...L l!!!sl t12 

13.8 -1.4 65 0 

15.9 +1.0 26-45 N 

5.2 -8.9 44-40 Ja 

6.2 -8.0 48-47 Ja 
7 •3 -6.9 57-50 Ja 

11.3 -3.9 60-65 Ja 

12.3 -2.9 45-59 Ja 

13.3 -0.8 38-57 Ja 

17.4 +3.3 20-30 Ja 

6.6 -7.4 75-36 F 

9.6 -4.4 55-73 F 

14.7 +0.7 29-35 F 

15.7 +1.7 15-20 F 
16.8 +2.7 20-30 F 

5.0 -9.0 50-40 Mr 

9.0 -5.0 70-65 Mr 

6.5 -7.5 70 Ap 

11.5 -2.5 30-40 Ap 

of 
F.M. 
~ !1 

22 13.5 

20 23 

18 21.5 

18 21.5 

18 21.5 

18 21.5 

18 21.5 

18 21.5 

18 21.5 

17 10 

17 10 

17 10 

17 10 

17 10 

18 23.5 

18 23.5 

17 14 

17 14 

7.8 -6.8 40 Je 15 20.5 

13.0 -1.6 25 Je 15 20.5 

5.6 -9.4 20-15 Jy 15 11 

6.6 -8.4 20-12 Jy 15 11 

7.5 -7.5 20-18 Jy 15 11 

8.6 -6.4 20-15 Jy 15 11 

12.5 -2.5 15-16 Jy 15 11 

13.6 -1.5 20-22 Jy 15 11 

14.6 -0.4 14-16 Jy 15 11 

16.7 +1.7 25-30 Jy 15 11 

18.6 +3.6 10-16 Jy 15 11 

6.2 -9.1 15-10 Au 14 02 

7.2 -8.1 15-10 Au 14 02 

8.2 -7.1 15-10 Au 14 02 

9.3 -6.0 10-7 Au 14 02 

16.3 +1.0 25-35 Au 14 02 

18.2 +3.0 5-15 Au 14 02 

19.2 +4.0 15 Au 14 02 

Perigee 
!1Q. !! .!!..J12. .£ 1!. 

25 07,0 23 12 

21 00,0 19 13 

19 13,Ja 16 21 

19 13,Ja 16 21 

19 13,Ja 16 21 

19 13,Ja 16 21 

Ja 16 21,F 13 11 

Ja 16 21,F 13 11 

Ja 16 2l,F 13 11 

Ja 16 21,F 13 11 

Ja 16 21,F 13 11 

F 13 11,Mr 10 08 

13 11,Mr 10 08 

13 11,Mr 10 08 

13 11,Mr 10 08 

Mr 10 08,Ap 06 04 

Ap 06 04,My 04 06 

Ap 06 04 ,My 04 06 

Je 01 14,Je 30 00 

Je 01 14,Je 30 DO 

Je 30 OO,Jy 28 07 

Je 30 OO,Jy 28 07 

Je 30 00 ,Jy 28 07 

Je 30 00 ,Jy 28 07 

Je 30 oo ,Jy 28 07 

Je 30 00 ,Jy 28 07 

Je 30 00 ,Jy 28 07 

Je 30 00 ,Jy 28 07 

Je 30 00 ,Jy 28 07 

Jy 28 07 ,Au 25 07 
Jy 28 07 ,Au 25 07 

Jy 28 07 ,Au 25 07 

Jy 28 07 ,Au 25 07 

Jy 28 07 ,Au 25 07 

Jy 28 07 ,Au 25 07 

Jy 28 07 ,Au 25 07 

Apogee 
t12 ~ !1 
0 11 03 

04 14 

31 22 

31 22 

31 22 

31 22 

Ja 28 16 

Ja 28 16 

Ja 28 16 

Ja 28 16 

Ja 28 16 

F 25 13 

25 13 
25 13 

25 13 

Mr 25 09 

Ap 22 02 

Ap 22 02 

Je 15 17 

Je 15 17 

Jy 12 22 

Jy 12 22 

Jy 12 22 

Jy 12 22 

Jy 12 22 

Jy 12 22 

Jy 12 22 

Jy 12 22 

Jy 12 22 

Au 09 10 

Au 09 10 

Au 09 10 

Au 09 10 

Au 09 10 

Au 09 10 

Au 09 10 

Solar 
Effects 

~f~l 
4-,24-

5-,20 
4+,5,25+,32 

5,32 

5-,5 ,30,30 

3,3, 17+,15+ 

3,2+,15+, 11+ 

4+ 

2+,11+ 
4~,19+ 

3,3-,17,7 
4-,20-

3+,SC-2,18f 
4,SC-1,15 

3+,3,20-,16-
2+,2-,11,7+ 

3+,1+,12,7-

I have analyzed the observations for several hypotheses similar to mY previous 
analyses in several papers (W. Cameron and Gilheany, 1967; W. Cameron, 1967; W. Cameron, 
1971; and w. Cameron, 1972). Figure 2 shows two panels, the panel on the right giving 
the anomalistic phase histograms (tidal effect hypothesis) for Dawes (Porter's observa­
tions) for all observations (mostly normal) received through August, 1973 which contained 
albedo measures (75 nights), and for the LTP phenomena. The other panel on the left shows 
histograms of the same observations with respect to the Moon's age. 

The first explanation to be discussed is the tidal hypothesis. For the tidal hypo­
thesis (anomalistic phase ~d)~d = P2 - P1 (P2 = following perigee date, P1 = preceding 

--,-
perigee date,thus surrounding the date of observation, and P = P2 - P1 in days}. Perigee 
and apogee ar~ indicated by vertical lines labeled P and A. Examining the anomalistic 
phase histograms, one notes that there are two peaks for the normal aspects reports and 
for Dawes --the higher one at ~d = 0.3 and the other at ~d = 0,0(1,0), i.e., perigee. 
The first three points are repeated at the right edge, labeled REPEAT. If observations 

ri9.:_ 
1 

9 

10 

11 
12 

13 
14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 
27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

were at random, the bars would all be equal in height (indicated by the horizontal line 
labeled RANDOM); therefore, the observations were not random with respect to the anomalistic 
period. The positive (LTP) reports histogram has three peaks and therefore has no correl­
ation with the tidal hypothesis. Little reliance can be placed on these results since in 
all cases we are dealing with small samples, especially for the positive LTP reports. The 
number of nights of observation are 75 for the negative, 36 for Dawes (Table 3), and 13 
for LTP (Table 2). In Table 2 the columns are mostly self-explanatory (see footnotes). 
Column 9 is "days from Full Moon," minus indicating before, and plus after, Full Moon. 
Column 13 contains solar data giving maximum Kp index (Kpmax> for that day, the sum of Kp 
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for that day CEKp), and indication of a magnetic storm where S.C.= sudden commencement 
and M.S. = magnetic storm. The last column (Seeing) gives smallest diffraction disk dia­
meter (Sm) in terms of fractions of field of view, largest disk diameter (Lg) and interval 
in seconds for expansion, amount of excursion (Fr) of image in fractions of FOV, and inter­
val between excursions in seconds. It also rates the seeing (S) on a numerical scale and 
transparency (T) in limiting stellar magnitudes visible. In Figure 1 the relationship of 
the observations with the shape variations of the orbit is shown where, in Green's hypothe­
sis (1965), maximum degassing (LTP) would occur at eccentric apogees (Apr. to June and Oct. 
to Dec., 1972, and May to July, 1973) and minimum degassing (few or no LTP) at minimally 
eccentric perigees (Aug. to Sept., 1973). We get one observation at the right apogee time 
but also one at the wrong perigee time, and all the rest fall at the in-between times with 
no tidal correlation. 

The age panel (Figure 2) has vertical lines indicating the approximate ages at 
which the Moon enters and exits the bow-shock front (BSF) and magnetopause (MP) of the 
Earth's magnetic tail and the approximate sunrise and sunset ages for Dawes. Two variations 
of the second hypothesis (Speiser, 1965, 1967; A. Cameron, 1964) suggest energetic effects 
of the magnetic tail on solar particles which are focused on the Moon and excite surface 
materials or escaped gases. Low-angle illumination effects would be expected near sunrise 
and sunset. The one LTP in Dawes has no sunrise or magnetic tail correlation. It does 
have perigee and solar particles correlations. There are several peaks for the LTP group, 
one of which occurs within the magnetopause, indicating a possible correlation with magnetic 
tail effects. The fourth hypothesis considered is the direct influence of solar particles 
(Kopal, 1966) as correlated with simultaneous (or nearly simultaneous) terrestrial magnetic 
storms (when energetic solar particles are bombarding both the Earth and Moon nearly simul­
taneously). In this respect, the Dawes LTP occurred not only at perigee, but also when 
energetic solar flare particles were striking the Moon and Earth, since a magnetic storm 
was in progress on the Earth. Since only Dawes and Calippus, 22 hours later, were reported 
as anomalies (although the whole Moon was not being monitored), surface characteristics 
at these places must be studied to determine, if there truly is a solar particles effect, 
why some places respond to particles and other do not. There are, however, correlations 
of LTP in general (W. Cameron, 1972) with the Earth's magnetic tail, and for historic 
Proclus data with direct solar particles, which are still maintained in the recent data 
(see Table 5). 

If LTP actually occurred randomly, one could estimate what percentage of observations 
would be expected to occur within arbitrarily prescribed limits for each of the competing 
hypotheses. Under the tidal hypothesis, for example, if the observations were considered 
in increments of one-tenth of an anomalistic period (perigee to perigee), then observa­
tions falling within one-tenth of a period of perigee would constitute a correlation. On 
this basis, plus or minus one-tenth of a period equals 20 percent. One would expect then, 
if they occurred at random, that 20 percent of the observations would occur<..± O.lP, with 
the same proportion for apogee. Thus 40 percent of observations should fall-<.O.lP and A. 
Similarly, sunrise and sunset correlations may be considered to be observations occurring 
within 1 day (12°) of sunrise and sunset. This is equivalent to 1 day in 25.5 days (con­
sidered to be a lunation period since the Moon is seldom observed at ages <.2d or~27d.5) 
for sunrise or"""' four percent of the time (and another four percent for sunset); or if 
2 days are considered the limit, then eight percent for sunrise and eight percent for sun­
set. For magnetic tail effects it might be<.± ld of BSF entrance= 2 ="-'eight 

I!).5" 
percent. In Table 5 all percents are to the nearest whole percent, and all numbers for 
Number Expected (No. Exp.) are given to the nearest whole number. On these bases Table 5 
gives the observed and expected percents for the various hypotheses so that all hypotheses 
can be compared together. Since the columns for All Negative and for Dawes are for normal 
aspects of features (with one exception for Dawes), the figures for observed versus those 
for exp0cted will indicate just how near to random the observations were (summarized in the 
column- which is the ratio of the observed to the expected in percent). Thus the majority 
of nega~ive observations were almost at random with respect to the tidal hypothesis(anomal­
istic period ) -- slightly deficient near apogee. The observations of Dawes, however, 
were almost twice as frequent (over randomness) for times very near perigee, and half as 
frequent (as they would be if random) during the anomalistic period between 0.4 and 0.6 
(near apogee). The one Dawes LTP came very near perigee (~d = 0.98). The LTP column 
is the column of greatest interest although the sample number (13) is too small to give 
significant results. One and one-half times as many were observed as would be expected if 
they occurred randomly for phases very close to perigee and apogee (<..± 0,05 P or A), but 
the LTP's fell to randomness when the limits were expanded(<± 0.1 P or A). (See column 
Q, i.e., if phenomena occurred near perigee or apogee, they occurred very near one or the 
E 
other.) 
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A. Porter 
Narragansett~ R. I. 
6L,{IOOX 

193X 

AGE 

od-o. 9d 
l.0-1.9 
2.0-2.9 
3.0-3.9 
4.0-4.9 

5.0-5.9 
6. 0-6.9 

7.0-7.9 

8,0-8.9 
9.0-9.9 

10.0-10.9 
ll.0-11.9 
12.0-12.9 
13.0-13.9 
14.0-14.9 

15.0-15.9 
16.0-16.9 
17.0-17.9 
18.0-18.9 
19.0-19.9 
20.0-20.9 
21.0-21.9 
22.0-22.9 
23.0-23.9 
24.0-24.9 
25.0-25.9 
26.0-26.9 
27.0-27.9 
28.0-28.9 
29.0-29.5 

POINT A 

5,4,5; 2,2,2; s.s.s.s 
2.5,2; 3.5,3,3; 3,3,3; 
5,4,4; 4,4; 

4,3,3.5; 4,4,4; 4,5; 
4.5,4; 6,6,6; 
4,4,4; 4.5,4.5,4.5; 
4,6,6,6,5.5*; 6,6; 5,5; 

5.5,6.5; 7.5,7.5; 
5.5,5; 6.5,6.5; 
5.5,5.5; 6,6; 6.5,6.5; 
6,5.5; 6.5,6.5,6.5; 6,6; 

8,8,8,8,8; 6,5.5; 
6,5; 6,6; 5.5,5,6; 
3.5,3.5; 
6,6; 6,6,6; 
6.5; 

:uncertain measures 
*LTP Reported (for points A, C, D) 

Table 4. Dawes Albedo Chart 

POINT B 

6.5,6; 6.5,6.5,6.5; 5,5 
4.5,5; 6,6,6; 5.5,6,5.5; 
6,6; 6.5,6,5,6.5; 

6,5.5,5.5;, 5,5,5; 6,6.5; 
5.5:' 6.5; 
5.5,6,6; 6.5,6.5,6.5; 
6. 5,6. 5,6. 5,6. 5,6. 5*; 
6.5,6.5; 6,6; 

5,5.5; 8,8; 
5,5.5; 6,6; 
6,6; 6,6; 6,6; 
5.5,5.5; 6,6,6; 5.5,5.5; 

3,4,4,4,4.5; 5.5,5.5; 
4:,5.5; 4,5,5; 5.5,5.5; 
4,4.5; 
5,5; 5,5,5; 
6; 

A 
oOs 

c 

POINT C 

DARKS IDE 

SUNRISE 

3.4,4; 2.5,2.5,2.5; 7,7; 
5,4.5; 4,3,3.5; 6,5,5; 
4,4; 3,3,3; 

6,5,6; 4.5,4.5,4.5; 5,5.5; 
4,4; 3,3,3; 
4,4,4; 4.5,4.5,4.5; 
4,6.5,6.5,5,6*; 6,6; 5,5; 

5.5 6; 7.5,7.5; 
6,6 6.5,6.5; 
6,6 6,6; 6.5,6.5; 
6.6 6.5,6.5,6.5; 6,6; 

3,3,3,3,3; 6,6; 
3.5:, 5.5; 5,5.5,5.5; 6,6; 
4,4; 
5.5,5.5; 4.5,4.5,4.5; 
6.5; 

SUNSET 

DARKS IDE 

POINT D 

4.5,4.5; 5.5,5.5,5.5,5.5,5.5, 
2.5,3; 5,4,4; 4.5, 
4.5,4; 4.5,4.5; 3.5, 
3.5,3.5; 
3.5,3,3.5; 4.5,4; 4.5,4; 

3.5,3.5,3.5; 5,5,5; 
4,6,5.5,6,6*; 4.5,4.5; 
5,5; 

4.5 5.5; 8.8; 
6,6 6.5,6.5; 
7,7 6.5,6.5; 7,7; 
7,7 7.5,7.5,7.5; 6.5, 
6.5 
4,4,4,4.5,4.5; 7.5,7.5; 
8.5,8.5; 7,7,7; 7,7; 
8,8.5; 
8,8; 7. 7. 7; 
8.5; 

;Separation of measures of different nights 
,Separation of individual measures in one night 

Sunrise Colong. 334° : sd 
Sunset Colong, = 154° '; 21d 

(NEARBY 
POINT E PLAIN) 

2.5,2.5; 2.5,2.5,2.5; 3.5,3.5; 
2,5,2.5; 3,2.5,2.5; 3,3.5,3.5; 
2.5,2.5,2.5; 4.5,4.5; 

2,2.5,2.5; 3.5,3.5; 3,3.5; 

3,3,3; 2.5,2.5,2.5; 
3,3.5,3.5,3,3*; 3,3; 4.4; 

2,2;2.5,2.5; 
3,3; 3,3; 
2.5,2.5; 3,3; 2.5,2.5; 
2.5,2.5; 3,3,3; 2.5,2.5; 

3, 3,4, 2.5, 3, 2. 5, 2; 
2.5,2.5; 3,3,3; 2,2; 
3,3; 
2.5,2.5; 3.5,3.5,3.5; 
2.5; 
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Figure 1. Reported LTP observations plotted on the anomalistic orbit of the Moon to 
show tidal relationship with respect to Green's hypothesis (1965). See a 1 so text. 

early morning observations -- a difficult time for people who have other vocations -- a 
practically universal condition. Nevertheless, I make the plea that all observers make an 
effort to get observations for ages later than 22 days occasionally. Observers sometimes 
may be compensated by observing phenomena Jt those times. 

For the magnetic tail hypotheses we see that for All Negative the number observed 
were at random since the Q ratio is near unity, with a similar result for solar flare ef-

fect. In the case of Daw~s, there was a definite positive bias in the observations for 
near Full Moon (MP) and a negative bias for near the bow-shock front (BSF). The number of 
observations for solar effects is smal ler because there was not the auxiliary information 
on magnetic storms available for the July and August, 1973 observations. Thus the statis­
tics have even less meaning. They indicate that more events were observed than would be expected on a random basis. 

If we look at the small sample of LTP observations, we find that almos.t six times 
as many phenomena were seen near sunrise as would be expected(~= 5.75) and twice as 
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Figure 2. Histograms of the Normal Aspects, Dawes, and LTP Observations with respect to 
the Moon's Age (left panel) and the phase of the anomalistic period (right 
panel). Vertical lines indicate approximate locations of the boundaries of 
the bow shock front (BSF), magnetopause (MP) of the Earth's magnetic tail, 
perigee (P), and apogee (A). Phases are indicated symbolically at the bottom. 
The horizontal lines marked RANDOM indicate the number of observations per 
unit if the observations were distributed at random. See also text. 

many near sunset. A slight excess was observed when the r~oon was within the magnetopause 
(MP) of the Earth's magnetic tail, but there was a deficiency with respect to the BSF. 
The surprising statistic is the number of lunar events which occurred on the same day 
that a terrestrial magnetic storm occurred (signaling the arrival of energetic particles 
bombarding the surfaces of both planets). Almost seven times as many events were observed 
as would be ex;>ected on a random basis. This is the largest ratio; hence it was circled 
as showing the greatest effect among the hypotheses. When percentage of observations is 
considered, we find that 46 percent of all LTP occurred near sunrise or sunset, and 45 
percent occurred when a lunar event occurred within 1 day of a terrestrial magnetic storm 
(arrival of particles in the Earth-Moon system). This limit of 1 day means that the ar­
rival of particles at the Moon was up to 1 day sooner or one day later than at the Earth. 
This limit is probably too generous since the arrival times ought to be nearly simultaneous, 
or at most, separated by a few hours. Note, however, that only 15 percent (about 1/7) 
occurred near either perigee or apogee -- which is far from the majority of cases, or even 
all of them, occurring at those times which are frequently quoted in the literature and 
usually without actual statistics. In contrast to the 15 percent near perigee or apogee 
(31 percent for both tidal effects), 23 percent (about l/4) occurred within 1 day of sun­
rise, 31 percent within 1 day of sunrise or sunset combined (same percentages as the 
tidal effects), and 23 percent (1/4) occurred while the Moon was in the magnetopause. The 
largest individual percentage (27 percent or>l/4) occurred on the same day that a magnetic 
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Table 5. Comparisons of Observations with Hypotheses 

ALL NEGATIVE DAWES LTP 

EFFECT LIMITS No. % No. % 0 No. % No % 0 
----+----~e:..:.xPc.:•:...:e:..:.x"-p-=-·-=-o::...b s::...•:...:o_b_s-'-._-_E--t_e-'xp. exp. obs. obs. E 

No. % No. % 0 
exp.exp.obs.obs. r 

T 
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L 

L 
0 
11 
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N 
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u 
M 
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G 

T 

S E 
0 F 
L F 
A E 
R C 

T 
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<±O,OSP 
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7.5 10 
75 

7. 5 10 
75 

9 
75 

6 
75 

12 1.2 

0.8 

4 
36 

4 
36 

10 

10 

6* 
36 

3 
36 

18 1.8 

8 0,8 

1 
I3 

1 
I3 

10 

10 

2 

I3 

2 
I3 

15 1.5 

15 1.5 

<±O .1P 15 20 15 20 1.0 7 20 7 19 1.0 3 20 3 23 1.1 
75 75 36 36 I3 I3 

::_±0,1A 0. 65 7 20 4 
36 36 

15 20 10 13 
75 75 

11 0.55 l__ 
13 

20 2 
I3 

15 0.75 

<±O.OSP&A 15 20 15 20 1.0 7 20 9 25 1.25 3 20 4 31 1.5 
- 75 75 36 36 I3 I3 

::_±0.1P~A 30 
75 
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75 

33 

75 

75 Jl/A 

<-2ds.s. 6 s 
75 

<±ldS.R. 12 16 
&S.S. 75 

::_±2dS.R. n_ 31 
&S.S. 75 

<±2df .m. 12 16 16 21 
- (l,l.p.) 75 75 

::_±1dBSF(2 # 16 7 9 
75 75 

<±Ou. 5ms 2 4 2 
48 7 5 

8 4 
75 

0.8 14 
36 

1 
36 

1 
36 

40 11 
36 

31 0.8 5 
I3 

40 ~ 38 1.0 
13 

4 5 14 3. 5 0. 5 4 3 23 5. 7 5 
36 13 I3 

4 1 3 0.75 0.5 4 1 8 2.0 
36 13 I3 

3 
36 

8 9 25 3.1 1 
36 I3 

8 5 33 4. 7 5 
I3 

3 8 3 8 1.0 1 8 1 8 1.0 
36 36 I3 I3 

6 16 6 17 1.1 2 16 4 31 1. 9 
36 36 I3 I3 

11 31 12 33 1.1 4 31 6 8 1. 5 
36 36 I3 I3 

1. 3 6 16 10 28 1.75 2 16 3 
I3 

23 1.4 
36 36 

o. 6 6 16 4 11 
36 36 

1. 0 Q.,]_ 4 
17 

1.0 1 8 
IT 

1 
IT 

2 
IT 

12 

13 

0. 7 2 16 

1.5 

1.5 

I3 

0.4 
ll 

1 
IT 

1 
I3 

11 

0.5 

27 <l?J) 

5 @] 5.6 
IT 

* 1 of the 6 was a LTP, thus 1 = 3% 
.05P = 1.4 days 36 
0.1P = 2.8 days 

P = 2 7. 6 days 

storm occurred on Eartho These statistics imply stronger cases for the other hypotheses 
than for the tidal oneo Note also that the LTP tidal histogram is really random, showing 
no correlations since it has three peaks, one of which extends over 0.3 of a period. 

Let us now examine the observations for albedo behavior. Mr. Vaucher (1973) reported 
on observations of Alphonsus and showed curves of albedos vs colongitude in 10° increments 
for several points in Alphonsus. He noted that there were peaks for bright areas and 
valleys for dark areas in the albedo curves generally near certain colongitudes, viz, 60°, 
100°, and 140°. In Figure 3 the albedo histograms are given for several points in three 
features: Dawes, Proclus, and Alphonsus. The Dawes observations are from the ALPO-LTP 
program from observer Alain Porter, Narragansett, Rhode Island, with a 6-inch reflector 
at about 100 magnification. The Proclus observations (covering about 20 years) are from 
a private communication from James Bartlett, Baltimore, Maryland, who used a 3-inch re­
fractor, a 4-inch refractor, a 4-inch reflector, and a 5-inch reflector at various powers 
from 50 to 300X. The Alphonsus integrated light observations are taken from Vaucher (1973) 
and are represented as histograms instead of curves. Histograms are appropriate because 
the albedos have been averaged in increments of 10 degrees of colongitude. Besides the 
various individual points plotted, we can choose some points between each feature which 
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Figure 3. Albedo histograms of obser­
vations with respect to colongitude for 
specific points within Dawes, Proclus, 
and Alphonsus for comparison. Approxi­
mate locations of the bow shock front, 
magnetopause of the Earth's magnetic 
tail, sunrise and sunset for each fea­
ture and the phases of the Moon are 
indicated. 

might be considered more comparable. 
For example, the floor of Proclus may 
be compared with the plain near Dawes 
and the dark spot on the floor of Al­
phonsus. To a first approximation, 
the three areas show similar behavior. 
The nearby plain at Dawes, however, 
behaves more similarly to the dark 
patch on the west central floor of 
.Alphonsus than to the floor of Proclus. 
Comparisons can only be made over 130° 
of colongitude (from 4° to 134°). 
Sunrise and sunset for each feature, 
the phases, and the magnetic tail fea­
tures (magnetopauses (MP) and bow­
shock front (BSF)) are indicated on 
Figure 3. At 60° both Proclus and 
Alphonsus have drops in albedo, but 
Mare Tranquillitatis (just east (IAU) 
of Dawes) rises at 100°. Proclus and 
Alphonsus rise, but Mare Tranquillita­
tis is down. At 140° both Alphonsus 
and Mare Tranquillitatis are down, 
but Alphonsus rises and stays elevated 
till sunset. The Alphonsus floor is 
brighter near Full Moon (in the mag­
netopause) while M. Tranquillitatis 
and the floor of Proclus are darker, 
though Proclus rises in albedo as the 
Moon is passing out of the magneto­
pause. The bow-shock front depresses 
the albedo. Averaging all the albedo 
measures for each feature (indicated 
by horizontal line marked AV), we obtain 
2.8 for Mare Tranquillitatis, 2.5 for 
the Proclus floor, and 3.8 for the 
Alphonsus floor (dark patch). The ap­

parent anomalous albedo behavior of Mare Tranquillitatis between 60° and 70° colongitude 
is real; for there are three nights with six individual measures in the average, and all 
were estimated at 3.0. It occurs at the time when the Moon enters the magnetopause of 
the Earth's magnetic tail. From the measures submitted I suspect a possible LTP (albedo 
anomaly) in Mare Tranquillitatis at 350° colongitude. The observer did not report it 
as anomalous, even though on the previous night he estimated the area at 2.5 and on the 
night after at 3.0 and 3.5 for an average of 3.25.; on this night (July 17, 1973) he 
twice estimated it at 4.5, which is the highest albedo recorded for it on all 36 nights. 
On one other night (August 7, 1973) it was estimated twice at 4.0 at co longitude 21 °. 
The suspicion of a real brightening (almost two whole albedo steps) is fairly well­
founded since there are five nights of observations (with 13 individual measures) so 
that the average of 2.9 (without the anomalies) from four nights and 11 individual mea­
sures can be accepted with some confidence. This point is one of the darkest parts of 
the Moon, being in that dark border between Mare Tranquillitatis and Mare Serenitatis. 
Comparing the bright areas of the three features, viz, the west wall point (B) of Dawes, 
a bright peak near the west wall of Alphonsus, and the central peak of Proclus (Figure 
3) , again, to a first approximation, all three areas behave similarly. In general, their 
behavior is almost opposite to that of the dark areas. Note also the mirror behavior be­
tween points A and C in the Dawes histograms (see sketch on Table 4 for locations of 
points in Dawes). Until Full Moon the central peak of Proclus and the west wall peak 
in Alphonsus behave similarly, and in the phases after Full Moon the west wall of Dawes 
and the central peak of Proclus behave similarly. There is a smaller variation in the 
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Proclus central peak than in the other two features. Near colongitude 60° Proclus 
and Alphonsus peaks are up, and the Dawes peak is down. At or near 100° Alphonsus is 
up, but the other two are down, while at 140° both Dawes and Alphonsus are up consid­
erably. Kepler (Delano, 1g72) also confirms this 140° peak, somewhat less so for 
the peak at 60°; but it has a valley at 100° (converting Delano's days to colongitude 
values). Thus the results for the other two comparable features supply both confirma­
tion and contradiction for the results reported for Alphonsus. There are enough mea­
sures now that I can make similar analyses for a few other features. That will be 
done in a future report. The results indicate variations in behavior of the lunar 
surface in different regions of the Moon. 

During the December 7-19, 1972, time period the last Apollo mission took place. 
I asked all observers to maintain a watch for a 2-week period surrounding the time 
when the astronauts would be in the vicinity of the Moon. The period was to be 
December 7 through December 21, and the observers were to observe on every night 
that the weather would permit. Unfortunately, the weather was uncommonly poor through­
out the country. The majority of people who sent in reports reported that they were 
clouded out for the mission. Of the 25 observers in the program at the time, only 
five were able to observe. Of these five, one, Mrs. Jean of Montreal, Canada, using 
a 4-inch refractor at 250X, reported two anomalies. On December 11 she noted reddish 
color at Alfraganus (a non-LTP site) and on December 14 reddish and yellow colors at 
Proclus (see Table 3). These colors might have been caused by chromatic aberration, 
a defect of refractors which requires great care to eliminate as a cause of false 
colors on the Moon. I am uncertain whether Mrs. Jean exercised the necessary pre­
cautions. Her assigned features are North Mare Crisium, Maskelyne, Ptolemaeus, and 
Copernicus. The albedo measures I wanted my observers to make were not reported by 
her, and she observed many other features besides her assignments but did not make the 
albedo or seeing estimates. Similarly, I have received reports from other foreign ob­
servers about features other than those assigned to them, with no numerical albedo or 
seeing estimates. I present in Table 6 a sample monthly reporting form for non-LTP 
(normal aspect) reports. This form indicates the information I would like to receive 
monthly for the six assigned features (four LTP, one non-LTP comparison feature, and 
one seismic zone). I can supply these forms to observers upon request. 

In summary, the LTP program has been operating for about 15 months at the time of 
this writing. Although more than 30 observers expressed interest in joining the pro­
gram and were assigned features (thus all 100 or so LTP features have been assigned), 
only about a half dozen people have sent in observations more or less regularly. In 
some cases, those who did send in reports did so on features other than those assigned 
to them, or in addition to their assignments. Out of 117 nights of observations, 
there were 13 on which phenomena were reported. Eight of these nights were reports 
of LTP only, and five were coincident with nights when other features had normal as­
pects. None of the LTP dates and times overlap, although two occurred within 22 hours 
of each other. On another date, one LTP and a peculiar phenomenon (listed at the 
bottom of Table 3) occurred within a 14-hour interval. In the albedo measures re­
ported, there are several cases of suspected anomalies, judging from other albedos 
reported for the same lunar age or for ages within 1 day of the same age. It is 
too early yet to confirm these suspicions. It points up the need for several inde­
pendent measures for each day of lunar age. It is doubtful whether there are any 
real correlations with any of the hypotheses, although the number of observations of 
phenomena are too few for significant statistics or conclusions to be drawn. From 
the few observers who have more or less regularly sent in obervations, it has been 
demonstrated that a catalog or scale of albedos can be set up for each feature from 
which other observers can then observe the feature, estimate the albedo, and determine 
whether the feature is normal or unusual at that time. Eventually, perhaps, the visual 
estimates scale can be tied into some of the professional photometric scales or albedos, 
extending the latter. This would be a contribution to the astronomical prof~ssion. 

Comparison of albedos of Dawes and Proclus from this program with those of Alphonsus 
from Vaucher's Selected Areas Program (SAP) program revealed confirmation of some 
intensity peaks found by Vaucher but not others. These results indicate that the dif­
ferent regions of the Moon respond to radiation with varied characteristics. 
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Table 6. Sample :lonthly Reporting Form for Non-LTP Reports , 

Date: Index of Points 
Observer: 
Location: 
Telescope 0 
(kind, aperture, power): 
Feature: 

Point/Time U.T U.T. U.T. 

A 

B 

c 
D 

E 

Nearby Plain 

Diffraction disk fraction (largest): Time interval between blow-ups: 

Diffraction disk fraction (s~allest: Ti~e interval between excursions: 

Excursion fraction: 

Terminator features: 

Field of view (FOV) features: 

Altitude of moon: 
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THE 1968-69 EASTERN (EVENING) APPARITION OF VENUS 

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

Introduction 

The 1968-69 evening apparition of the planet Venus included the period from 
1968, June 20 (superior conjunction) to 1969, April 8 (inferior conjunction). The 
planet reached the point of greatest eastern elongation (47°) on 1969, January 26, 
at which time Venus exhibited an apparent visual magnitude of -4.0. Greatest bril­
liancy was attained on 1969, March 3, the planet having a visual magnitude of -4.3 
on that date and a disc that was nearly 30% illuminated. 

The following fourteen individuals contributed observational reports to the 
Venus Section during the 1968-69 apparition: 

Observer and Location Number of Observations 

l. Anderson, Carl A. 
Manchester, New Hampshire 5 

2. Blandford, Michael 
Dayton, Ohio 4 

3. Cross, Eugene W. 
Las Cruces, New Mexico 19 

4. Delano, Kenneth J. 
Taunton, Massachusetts 15 

5. Gordon, Rodger W. 
Barrington, New Jersey 

6. Heath, A 1 an vJ. 
Nottingham, England 

7. Kri sci unas, Kevin 
Naperville, Illinois 

8. Lazor, Fred 
Victoria, Texas 

9. tkClowry, Richard 
Sarver, Pennsylvania 

10. Mayer,Ernst 
Barberton, Ohio 

11. Senour, Martin 
Cleve 1 and, Ohio 

11 

41 

4 

2 

14 

Basic Instrumentation 

10" (25cm) reflector 

6" (15cm) reflector 

6" ( 15cm) refractor 
2.4" (6cm) refractor 

12" (30 em) reflector 

12.5" (31 em) reflector 

3.5" (9cm) reflector 

12" (30cm) reflector 

6" ( 15em) reflector 

9" ( 23 em) refractor 

6" ( 15cm) refractor 

6" ( 15cm) reflector 

6" (15cm) reflector 



Observer and Location Number of Observations Basic Instrumentation 

12. Simmons, Karl 
Jacksonville, Florida 4 8" (20 em) reflector 

13. Stover, Gary 
Charleston, West Virginia 4 4 l/2" (11.5 em) reflector 

14. Thiede, Eric 
Madison, Wisconsin 7 15 l/2" (39 em) refractor 

A total of 119 observations were received from the persons listed above, and some 
attention should be given to the following distribution of submitted reports by 
month: 

1968 June 

July 

Aug11s t 

0 

0 

3 

October 0 

November 

December 

September 2 1969 January 18 

February 

t.larch 

Apri 1 

33 

38 

15 

Total ll9 

As can be seen, most of the observational data was obtained during the latter part 
of the 1968-69 apparition, from January to early April. Only a small number of the 
observations were used in the present analysis because of a tremendous lack of con­
tinuity of technique among participating individuals. This should obviously be an 
invitation for those not trained in the methods of making planetary observations 
to enroll in the very effective Lunar and Planetary Training Program of the ALPO. 
It should be noted here that the numerical values under the column headed, "Number 
of Observations", represent actua 1 observations, not observing dates. One will see 
immediately that very early portions of the apparition were totally neglected, a 
most unfortunate situation indeed. The Recorder would like to urge all individuals 
who become part of the ALPO observing program to begin their work as soon as they 
can after a superior conjunction of Venus (for evening apparitions) or an inferior 
conjunction (for morning apparitions). The Section would like to extend its thanks 
to those participating members mentioned in this report for their continued interest 
and enthusiasm. 

Visual Observations of Surface Details 

Tr~ ordinary method of studying the elusive dusky shadings of the planet in 
detail involves making a continous series of drawings of the planet, recording any 
readily apparent or suspected detail seen at visual wavelengths with the utmost 
precision. Markings often reported by observers typically fall into one of five 
somewhat distinct categories: -

1. Banded dusky markings (dusky streaks which characteristically 
run nearly parallel with one another across the planet's disc). 

2. Radial dusky markings (resemble the "spider-web" pattern). 

3. Irregular dusky markings (elongated or roughly linear streaks 
with no obvious pattern). 

4. Amorphous markings (dusky features with no detectable form or 
pattern). 

5. Bright spots or regions (aside from the cusps and cusp-caps, 
these brightenings frequently appear much lighter in intensity 
than the surrounding illuminated disc). 

It has been shown that there is usually only a very minimal degree of cor­
relation between those markings seen visually and the ones so frequently photo­
graphed at ultraviolet wavelengths. It is possible that the visual observer may 
detect features which can be assigned to one or more of the roughly-defined 
categories just discussed, but it is apparent that the radial pattern for the 
streaky features seen on Venus is more commonly encountered in ultraviolet light. 
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Fi9ure 4. Representative Drawings of Venus by A.L.P.O. Members during the 1968-69 
Eastern (Evening) Apparition. 

Comb. filter- combination of several color filters used. 
S-Seeing on a scale of 0 to 10, with 10 best. 
T-Transparency, limiting stellar magnitude. 
0- apparent angular diameter of Venus. 
The orientation is that of a simply inverted telescopic view with south at the top. 
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1969 FEB 08 17:10 UT 
A.W. Heath 
12 in. RL. 190X. Blue filter 
8=3-4. D~-28~•2 

1969 FEB 15 17:05 UT 
A.W. Heath 
12 in. RL. 190X. Comb.filter 
8=3-4. D=3U•O 

1969 FEB 15 17:05 UT 
A.W. Heath 
12 in. RL. 190X. Red filter 
8=3-4. D=3U'0 

Figure 5. Representative Drawings of Venus by A.L.P.O. !~embers During the 1968-69 Eastern 
(Evening) Apparition. See also description of Figure 4 on page 16. 

Certainly, it is important for the obsering record to consist of a great number of dra~lings 
made at visual wavelengths and of photographs taken in ultraviolet light. Any attempt to 
obtain simultaneous identifications of specific features at various wavelengths should 
not be ignored. 

t~ost unfortunate is the fact that no ultraviolet photographs of Venus were sent in to 
the A.L.P.O. Venus Section during the 1968-69 period. The report which is presented here, 
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1969 APR 05 01:42 UT 
E.W. Cross 6 in. RR. 
170X,260X,310X. No filter 
S=Poor. T=6+. D=59~'0 

1969 APR 05 01:48 UT 
E.W. Cross 6 in. RR. 
260X,310X. No filter. 
S=Poor. T=6+. D=59~'0 

Figure 6. Representative 
Drawings of Venus and a 
Photograph by A.L.P.O. Mem­
bers During the 1968-69 
(Evening) Apparition. See 
also description of Figure 
4 on page 16. 

as a consequence, has been derived from the analysis of work done by the visual observer 
entirely. There were a few instances in which simultaneous observations of surface fea­
tures were noted, adding to the overall worth of the contributed data for the 1968-69 
apparition. Even so, there was still a critical lack of genuinely coherent data, making 
a thorough analysis of the observational sample exceedingly difficult and the final re­
sults somewhat questionable. 

Upon a detailed study of the small number of acceptable drawings of Venus contri­
buted to the Section during the 1968-69 period, it became clear that nearly all types 
of dusky features categorized earlier in this report were frequently apparent to obser­
vers. Only a very slight hint of the curio11s radial oattern for a number of rather dif­
fuse markings on Venus was noted, perhaps as a consequence of the lack of ultraviolet 
photographs. 

\~ith the employment of blue (W38A) and violet (W47) filters, as well as in inte­
grated light, a few individuals recorded banded shadings that ran across the disc of 
the planet almost parallel with each other and perpendicular to the line of the cusps 
( l~cCl owry, Kri sci unas). On at 1 east one occasion these banded markings showed a ten­
dency to expand and to merge with the shading along the terminator of the planet 
(McClowry). In view of the absence of Jltraviolet photographs, no specific examples 
of the curious radial pattern exhibited by a number of banded features on the disc of 
Venus were expected. No observers submitted vi sua 1 observations ~I hi ch could be clearly 
assigned to this category. Hith and 1~ithout the use of color filters, observers re­
ported a tremendous variety of dusky bands and streaky features on the bright hemis­
phere of the planet. These greyish markings, the majority of which were definitely 
linear or at least highly elongated, assumed a number of orientations on the planet's 
bright disc (Krisciunas, SirTlllons, and Thiede). It was impossible to derive any specific 
pattern for these highly irregular features seen rather clearly at times of both good 
and bad seeing throughout the apparition (Krisciunas, Thiede). 

Observational evidence supports the viev1 that the majority of the markings seen 
and dra1~n by Venus observers during the 1968-69 period were amorphous and highly dif­
fuse greyish patches, may of them likely to have been the result of very slight 
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differences in intensity between adjacent regions. Most individuals detected these 
vague features close to, and blending in with, the general shading associated with 
the terminator (Anderson, Cross, Delano, Heath, and Thiede). A few people reported 
that the dusky shadings were also apparent at the limb areas (Simmons, Thiede). 
Several observers using red (W25) and green (W58) filters indicated that the diffuse 
markings were more obvious at these longer wavelengths (Anderson, Cross). One observer, 
on the other hand, remarked that the delicate shadings were darker and much clearer 
in a blue (Dufay) filter and less apparent in the red (Dufay} and green (Dufay} filters 
(Heath). 

On a few occasions, participating observers reported several bright areas on the 
planet's illuminated portion, exclusive of the cusp regions, which usually were in 
the form of small to moderately large oval or irregular features adjacent to the limb 
or the terminator (Anderson, Cross, Delano, and Thiede). For the most part, these 
brightenings were seen around the time of dichotomy (Thiede, Anderson). Other observers 
saw bright regions on the planet at gibbous and crescent phases (Delano, Cross, and 
Thiede). 

For a more thorough understanding of the foregoing discussion, reference should 
be made to Figures 4, 5, and 6 in the present report. Although there is a certain 
degree of style inherent in each drawing, every effort has been made to try to select 
those sketches which display the highest degree of objective continuity. 

Cusps, Cusp-Caps, and Cusp-Bands 

Usually, when the computed phase, kc, of Venus falls somewhat between numerical 
values of 0.8 and 0.1, an observer may detect "cusp-caps" and other related bright 
areas in the cusp regions of the planet. Throughout the 1968 - 69 apparition there v1ere 
several instances when cusp-caps and associated brightenings were observed. It is 
perhaps of interest for one to consider the following reports and accompanying ill­
ustrative material (Figures 4, 5, and 6): 

1968 November 30d 2lh 35m UT, 15 l/2" refractor, 250X, seeing 6-7, light sky 
(Thiede). Cusp-caps prominent; northern and southern cusp-caps of unequal 
size and brightness; southern cusp-cap slightly brighter and larger than the 
one seen in the north. 

1969 January 16d 2lh 5~ UT, 10" reflector, 210-425X, seeing 6-8, 1 ight sky 
(Anderson). Cusp-caps exhibited a narrow and fairly distinct border; 
northern and southern cusp-caps were of equal brightness; northern cap 
slightly larger than the one to the south. 

1969 January 18d 20h 15m UT, 15 1/2" refractor, 250X, seeing 4-6, light sky 
(Thiede). Both southern and northern cusp-caps were observed; a dark, 
somewhat diffuse border to the northern cusp-cap was obvious. 

1969 February 16d 20h oom UT, 15 l/2" refractor, 250X, seein!l 3-8, light sky 
(Thiede). Northern and southern cusp-caps very obvious with a slight 
extension suspected at their tips; the southern cusp-cap was somewhat 
brighter than the one in the north. 

Extended cusps were seen by observers from late February (following the date 
of dichotomy) up to the time of inferior conjunction. Readers are provided with the 
following observational notes: 

1969 February 16d 20h oom LIT, 15 1/2" refractor, 250X, seeing 3-8, light sky 
(Thiede). Northern and southern cusps slightly extended around the limb 
of the planet into the dark hemisphere. 

1969 February 2ld OOh 30m- 45m UT, 6".refractor, 170X, seeing poor to fair, 
light sky (Cross). Northern horn of crescent extended to a very slight 
degree; southern cusp regular and not extended. 

1969 February 22d 01 h 05m - 20m UT, 6" refractor, 170X, seeing fair, 1 ight 
sky (Cross). Northern cusp extended, but not to the degree observed 
on the previous evening; southern cusp normal. 

1969 February 23d 23h 30m - 24d OOh 10m UT, 6" refractor, 170X, seeing poor 
to fair, light sky (Cross). Northern cusp extended as was noted on 
previous two occasions, difficult in variable seeing conditions; south­
ern cusp normal. 
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1969 February 26d 02h 50m 58m UT, 12 1/2" reflector, 310X, seeing poor, 1 ight 
sky (Cross). Larger instrument reveals the same extension of the northern 
horn of the crescent as was the case earlier this month; the southern cusp 
remains normal. 

1969 February 27d 02h 16m- 20m UT, 12 l/2" reflector, 320X, seeing fair, light 
sky (Cross). Northern cusp extended only slightly; southern cusp shows no 
ex tens ion. 

1969 March 24d 2lh 05m UT, 12 l/2" reflector, 310X, seeing poor, light sky 
(Cross). Faint extensions of the northern and southern horns of the crescent 
visible in green-yellow light. 

1969 March 25d OOh 46m UT, 6" refractor, 170X, seeing poor, light sky (Cross). 
Both horns of crescent slightly extended in violet light (W47B). The same 
effect was observed with red (W25) and yellow (Wl2) filters, as ~Jell as 
with no filter at all. 

1969 March 30d OOh 32 - 53m UT, 6" refractor, 170X, seeing fair to good, 
sky (Cross). Extensions cf the northern and southern cusps apparent 
integrated 1 ight and with red (\425), yellow (Wl2), green (W58), and 
( W47) filters. 

light 
in 
violet 

1969 April 05d Olh 44 - 5lm UT, 6" refractor, l70X, 260X, 310X, seeing fair, 
light sky (Cross). Cusp extensions appear to join as they proceed around 
the dark hemisphere of the planet, forming a halo. 

Bright Limb Band 

Attributed to an effect of contrast, the presence of a bright limb band was noted 
by a few individuals during the apparition. On every occasion during 1968-69 \~hen he 
observed, Heath observed that the limb was bright from cusp to cusp, the greater portion 
of the phenomenon being confined to a narrow strip along the illuminated part of Venus. 
The limb band was noted by Heath to be particularly narrow in a yellow filter (Dufay 
Tricolor) and to be broadened somewhat in a blue filter (Dufay Tricolor). Observations 
of this feature were most common during the early part of February, according to the 
same individual. Anderson also observed a similar limb band in late December and early 
January, always describing it as a somewhat narrow border to the bright limb of Venus 
and very distinct. One should direct his attention to the apporpriate illustrations 
(Figures 4, 5, and 6) at this point in our discussion. 

The Ashen Light and Other Dark-Side Phenomena 

During the 1968-69 apparition a few observers reported a faint illumination of 
the unilliminated portion of Venus, and the following are summaries of their impressions: 

1969 February 03d 17h OOm- 10m UT, 12" reflector, 190X, seeing fair, twilight 
sky (Heath). Unilluminated part of the planet suspected to be a little 
1 ighter than the background sky; this effect was not apparent in filters. 

1969 ~larch 18d Olh 28m - 34m UT, 6" refractor, 120X - 260X, seeing fair to good, 
light sky (Cross). Dark side visible as lighter than the surrounding field; 
ashen light? 

1969 March 25d OOh 55m UT, 6" refractor, 170X, seeing poor to fair, light sky 
(Cross). Ashen light(?) visible faintly along "night" side limb. 

1969 r4arch 29d 2lh 50m UT, 6" refractor, 170X, seeing fair to good, light sky 
(Cross). Entire night side visible as brighter than surrounding field, 
most conspicuous at dark limb. Ashen light visible in no filter and with 
yellow (v/12) and red (W25) filters. Polaroid filter showed similar effect. 

At best, any faint illumination of the dark hemisphere of Venus, if indeed 
actually present, is most difficult to detect. Most observations of the Ashen Light are 
obtained v1hen Venus is observed against a dark sky; but as one will note, those instances 
cited here were light-sky observations of the phenomenon. If reports like these are to 
be trusted, then we may assume that the intrinsic brightness of the Ashen Light must be 
tremendous. In any case, simultaneous observations by a number of observers may greatly 
improve our chances for making brightness comparisons and for evaluating the threshold 
of visibility of the phenomenon. 

20 
(text continued on page 21) 



INDEX TO VOLUME 24 OF THE JOURNAL OF THE ASSOCIATION 
OF LUNAR AND PLANETARY OBSERVERS 

(The Strolling Astronomer) 

By: J. Russell Smith 

(Published from December, 1972 to May, 1974) 

Subject Index (references are to pages) 

ALPO - The Journal of the ALPO 

Additions to the ALPO Lunar Photograph Library, Contribu­
tions from Three Amateurs 

Additions to the ALPO Lunar Photograph Library, Amateur, 
Apollo 8, and Apollo 15 photos 

Book Reviews - change in policy 
Correction to article in Vol. 24, Nos 3-4 of The Journal 

of the ALPO 
Errors in Vol. 24, Nos. 1-2 of The Journal of the ALPO 
Errors in Vol. 24, Nos. 7-8 of The Journal of the ALPO 
Lunar and planetary training program 
Materials and services supplied by Recorders 
Mercury Section Handbook and observing forms 
Minor Planets - a new section 
Novice Observer's Handbook 
Selected Areas Program: Alphonsus 
Visitor (Mr. Liu from Hong Kong) at 1973 meeting in Omaha 

Book Reviews (reviewer's name in parentheses) 

"Astrology: Fact or Fiction?" (Bruce M. Frank) 
"Astronomy" (Jack C. Royals) 

Comets 

"Astronomy: Fundamentals and Frontiers" (Richard G. Hodgson) 
"Black Holes" (Fred J. Lazor) 
"1973 Celestial Calendar and Handbook" (Harry Cochran) 
"Challenge of the Stars" (J. Russell Smith) 
"City of Stargazers" (Fred J. Lazor) 
"The Emerging Universe" (David D. ~1iesel) 
"An Introduction to Astronomy" (Richard G. Hodgson) 
"An Introductory Survey of the Constellations" (Bruce M. Frank) 
"Ion Propulsion" (Julius L. Benton, Jr.) 
"Jupiter, The Largest Planet" (Paul K. Mackal) 
"Man and His Universe" (H. W. Kelsey) 
"Mathematical Astronomy for Amateurs" (Winifred S. Cameron) 
"Moon and Planets" (James W. Young) 
"New Horizons in Astronomy" (Ken Thomson) 
"Novice Observer's Handbook" (Fred J. Lazor) 
"An Observer's Guide to the Planet Mercury" (Clark R. Chapman) 
"The Red Planet Mars", The National Geographic Society's 

Chart (Chas. F. Capen) 
"The Rings of Saturn" (Chas. F. Capen) 
"Space Physics and Space Astronomy" (Dale P. Cruikshank) 
"Star Myths and Stories" ( J. Russell Smith) 
"U.F.O's- A Scientific Debate" (Rodger W. Gordon) 

Co 1 or filter techniques for bright comets 
Comet Bennett, 1969i, photo, frontispiece, Vol. 24, Nos. 5-6 
Comet Faye (periodic), 1843III = 1969a 

Photo 
Photometric chart 

Comet Fujikawa, 1969d 
Comet Giacobini-Zinner (periodic), 1972d 
Comet Kohouteck, 1973f 

A preview 
News of 
Observations with an image intensifier 
Photos, frontispiece Vol. 24, Nos. 9-10 and 179,180,181,255 
Sketches 

Comet magnitudes, a reduction of, and comet observing 
Comet magnitude analysis 

Toba 197la 

I -24-1 

192-197 

247-253 
40 

207 
122 
207 
254-256 
195-198 

78 
78-79 
79 
60-68 

210-211 

206 
204 
203-204 
243 

78 
76-77 

243 
106-107 
166-167 
242-243 

77 
241 
105-106 

26 
27 

104-105 
164 
204-205 

103-104 
162-164 
241-242 

26-27 
164-165 

149-150 

22-25 
24 
24 
75-76 

198 

156-162 
177-181 
218-219 

209 
150-156 

68-71 



Comet magnitude analysis (cont) 
Ikeya-Seki l968I (l967n) 

Conventions 

1972 WAA-ALPO convention at Riverside, Calif. 
Photos 

1973 ALPO-Astronomical League meeting in Omaha, Mebr. 

1974 ALPO-WAA Convention 

Filters 

Index 

Color filter techniques for bright comets 

Index to Volume 22, Journal of the ALPO, between pages 
Index to Volume 23, Journal of the ALPO, between pages 

Instruments 

A comet photometer for the amateur 
Micrometer microscope, how to use to guide for comet 

photography 
Simple micrometer microscope for off-axis guiding in 

comet photography 

Jupiter 

Mars 

Apparition of 1971 
Drawings 
Photos 
Strip sketches 

Distribution of dark material in South Equatorial Belt 
Disturbance on Jupiter 

Drawing of Jupiter in 1973, frontispiece, Vol. 24, Nos. ll-12 
Jovian colors in 1973 
Jovian red spots in 1973-74 

Sketch 
Jupiter in 1967-68: Rotation periods 
Jupiter in 1968-69: Rotation periods 
Jupiter in 1969-70: Rotation periods 

Addendum to ~1r. Budine's transit report for 1969-70 
Mutual phenomena of Jupiter's satellites, June 6 -

October 30, 1973 
Request for observations of spots in Jupiter's Equatorial 

Zone 

11ars 1969 opposition period - ALPO report IV 
Drawings and photos 
1969 regional map 

l•1ars 1971 apparition - ALPO report 
Sketches and photos 

The north polar hood of Mars in 1969 
Observing Mars V -The 1973-74 ~1artian apparition 
Photovisual chart of Mars, 1969 - ALPO report III 
Section Newsletter 

Mercury 

~1oon 

Handbook and observing forms for the ALPO Mercury Section 
Long-period time interval markers from Mercury transits 
Planning for the transit of ~1ercury on 1973, Nov. 10 

Alphonsus - ALPO selected areas program 
Drawing frontispiece, Vol. 24, Nos. 3-4 

Lunar notes 
The ALPO Lunar Photograph Library 

Additions by ALPO members 
Additions by ALPO members, Apollo 8 and 15 

I-24-2 

219-220 

35-39 
36,39 

79,123-124, 
147-148 

167,208,253 

149-150 

60-61 
20-21 

14-18 

98-99 

97-98 

41-57 
47-53,55-56 

49,50,52 
49,50,57 

136-138 

213-21 7 
240-241 
241 
81-89 

228-235 
236-239 
239-240 

71-75 

119-120 

169-177 
172,173,175 

171 
220-228 
227 
90-92 

129-136 
99-102 
78 

78 
126-128 
125-126 

60-68 

192-197 
247-253 



Moon (Cont) 
The ALPO Lunar Orbiter Library 
The ALPO Lunar Dome Survey: A Progress Report (II) 
Dark-Haloed Craters 

Drawing (Fig. 29), by Frank Des Lauriers 
Lunar Incognita for 1973 
Lunar Incognita for 1974 
Lunar Transient Phenomena Program Status 
Selected Areas Program: Endymion~ Gassendi, Piton, and 

Ari sti 11 us 
Sketches of Piton 

Summary of Findings by the Bright and Banded Craters Program 
Messier and Pickering, unusual aspect of, Hith drawing 
A modified fission process for the formation of the moon 

Occultation 
Mars by the Moon, May 16, 1971, with photos 

Planets ---
Planetological fragments, Iapetus 

Saturn 
Apparition of 1969-70 
Apparition of 1971-72 
Central meridian ephemeris: 1973 
Central meridian ephemeris: 1974 
Drawings of Saturn, frontispiece of Vol. 24, Nos. 1-2, 

frontispiece of Vol. 24, Nos. 7-8, 141 

Sun 
Total solar eclipse of March 7, 1970, sky color and darkness 

Venus 
Section report, eastern (evening) apparition of, 1966-1967 
Sketches 

Benton, Julius L., Jr. 

Bortle, J. E. 

Budine, Phillip W. 

Cameron, W. S. 

Capen, C. F. 
Capen, C. F., and 

Capen, V. W. 
Capen, C. F. 

Capen, C. F., and 
Cave, T. R. 

Author Index (References are to pages) 

.1969-70 Apparition of Saturn 

.1971-72 Apparition of Saturn 

.Report on Saturn in 1969-70: Some 
Corrections and Additions 

.Periodic Comet Faye, 1843III=l969a 

. Comet Fuji ka~1a, 1969d 

.Mutual Phenomena of Jupiter's Satel-
lites, June 6 -Oct. 30, 1973 

.Jupiter in 1967-68: Rotation Periods 

.Jupiter in 1968-69: Rotation Periods 

.Jupiter in 1969-70: Rotation Periods 

.Lunar Notes: Lunar Transient Phenomena 
Program Status 

.Color Filter Techniques for Bright Comets 

.Observing Mars V -The 1973-74 Martian 
Apparition 

.A 1969 Photovisual Chart of Mars - ALPO 
Report I II 

.Jovian Red Spots in 1973-74 

.Mars 1969 Opposition Period - ALPO 
Report IV 

.Mars 1971 Apparition - ALPO Report 

I-24-3 

19-20 
187-192 
19,124 
124 
20-22 

184-187 
18-19 

118-119 
119,121 
114-118 
102-103 
107-114 

244-246 

120-122 

27-35 
139-147 
57-60 

182-184 

92-97 

1-14 
3-5,7-8,12 

27-35 
139-147 

89-90 
22-25 
75-76 

71-75 
81-89 

228-235 
236-239 

18-19 
149-150 

129-136 

99-102 
240-241 

169-177 
220-228 



Capen, C. F. and 
Otis, Mike 

Cruikshank, Dale P. 

Delano, Kenneth 

Gerharz, Reinhold 

Glenn, William H. 

Hodgson, Richard G. 

Jamieson, Harry D. 

Lines, Richard D. 

Macke 1, Paul K. 

Mason, Curtis C. 

Mi lon, Dennis 

Minton , R. B. 

Morris Chas. and 
Milon, Dennis 

Morris , Ch as . 

Parish , Roy C. 

Reese, Elmer J. 

Salmon, Bruce 

Smith, J. Russell 

Sutherland, David A. 

Vaucher, Christopher 

Wacker, Wynn l~. 

lJestfa11, John 

The Occultation of Mars by the Moon 
on t~ay 16, 1971 

Venus Section Report: The Eastern (evening} 
Apparition, 1966-67 

.Planetological Fragments - 9, Iapetus 
Lunar Notes: Dark-Haloed Craters 

Long-Period Time Interval Markers from 
Mercury Transits 

Sky Color and Darkness at the Total Solar 
Eclipse of March 7, 1970 

Planning for the Transit of Mercury on 
November 10, 1973 

.The 1973 ALPO-Astronomical League Meeting 
in Omaha 

Lunar Notes: A Summary of Findings by the 
Bright and Banded Craters Program 

.Tne ALPO Lunar Dome Survey: A Progress 
Report (I I) 

How to use a t1icrometer Microscope to 
Guide for Comet Photography 

.A Simple Micrometer Microscope for Off-Axis 
Guiding in Comet Photography 

The 1971 Apparition of Jupiter 
.Jovian Colors in 1973 
.Addendum to Mr. Budine's Transit Report 

for 1969-70 
A Modified Fission Process for the Formation 

of the Moon 
News of Comet Kohoutek 

A Comet Photometer for the Amateur 
Comet Kohoutek 1973f: A Preview 

Comet Magnitude Analysis: I keya-Seki 1968I 
( l967n) 

.Comet Magnitude Analysis: Toba l97la 

.Periodic Comet Giacobini-Zinner l972d 

. The Reduction of Comet t~agnitude Estimates 
and Comet Observing 

Unusual Aspect of Messier and Pickering 
A Request for Observations of Spots in 

Jupiter's Equatorial Zone 
The North Polar Hood of Mars in 1969 
List of Materials and Services Supplied by 

AL PO Re corders 
Comet Kohoutek Observations with an Image 

Intensifier 
ALPO Selected Areas Program: Alphonsus 

.ALPO Selected Areas Program: Endymion, 
Gassendi, Piton, and Arist~llus 

.The 1972 WAA-ALPO Convention at Riverside 

The Distribution of Dark Material in South 
Equatorial Belt Disturbances on Jupiter 

Lunar Notes: Lunar Orbiter Reference Library 
.Lunar Notes: Luna Incognita 1973 
.Lunar Notes: Luna Incognita 1974 
.Saturn Central Meridian Ephemeris: 1973 
.Saturn Central ~1eridian Ephemeris: 1974 
.Lunar Notes: Additions to the ALPO Lunar 

Photograph Library, Contributions from 
Three Amateurs 

.Lunar Notes: Additions to the ALPO Lunar 
Photograph Library, ALPO Member, Apollo-
8, and Apollo-15 Photographs 

I -24-4 

244-247 

1-14 
120-122 
19,124 

126-128 

92-97 

125-126 

147-148 

114-118 

187-192 

98-99 

97-98 
41-57 

213-217 

239-240 

107-1:4 

177-181 

14-18 

156-162 

219-220 
68-71 

198-203 

150-156 
102-103 

119-120 
90-93 

195-198 

218-219 

60-68 

118-119 
35-39 

136-139 

19-20 
20-22 

184-187 
57-60 

182-184 

192-197 

247-253 



(text continued from page 20) 

Terminator Irregularities 

In addition to the normally expected variations in the geometric appearance of 
the terminator with phase changes, observers have often reported a number of irregul­
arities associated with this feature in past observing seasons. There were no reports 
received during the 1968-6g period which indicated any such phenomena. Indeed, most 
individuals reported the terminator as somewhat diffuse and regular, with no difference 
in phase in different wavelengths. 

Phase and Dichotomy Estimates 

Throughout the 1968-69 apparition there were no observations submitted of the 
phase of Venus around the time of predicted half-phase (dichotomy) during the month 
of January. In past apparitions there has been a discrepancy between the observed 
and predicted times when Venus reaches dichotomy, known as the Schroeter Effect; 
this difference usually amounts to about seven days. 

Cone 1 usi ons 

One will note, upon reading this report, that the planet Venus received only a 
very small amount of attention during the 1968-69 period. As a result, the value of 
the present report is perhaps only minimal and the level of confidence which may be 
placed in the results small. Until a good number of individuals keep the planet 
under close scrutiny throughout any one apparition, it is doubtful that we will be 
able to derive very much from the data submitted. Perhaps in the coming years the 
Recorder can stimulate more people to undertake Venus work on a standardized and 
regular basis. 

Acknowledaement. We are much indebted to Dr. John E. Westfall of the A.l..P.O. staff, 
who copie and arranged the illustrations for Dr. Benton's Venus Report. Comments 
and criticisms on their format will be welcomed by Dr. Westfall and the Editor. It 
appears to the Editor, at least, that the arrangement selected is much superior to 
having separate captions for individual drawings and photographs of varying sizes 
scattered over many pages in a report. 

THE STORM OVER ATLANTIS - JUNE 10, 1969 

By: Bruce Salmon, Curator of the Planetarium, John Young f~useum 

Martian winds laden with ochre dust cause the gross albedo changes that planetary 
students once suspected were seasonal variations in the Martian flora. Our present 
knowledge of the meteorology of the Red Planet is still based largely on the work of 
the patient telescopic observer, who can act as an unofficial ~1artian weatherman. How­
ever, the fickle weather on our own planet sometimes ruins the work of a host of t•1ars 
observers on a given night. This enhances the value of the work of those few observers 
who may have been blessed that night by good seeing. 

In February, 1971 Sky and Telescope, Charles Capen wrote of "Martian Yellow 
Clouds- Past and Future." For 1969 only one storm was described, the Noachis-Hellespontus 
-Iapygia cloud of ~1ay 28 to June 4. Six days after that storm, I detected a fairly large 
disturbance elsewhere on the disc. The yellow cloud was striking enough to merit a 
description. 

On the night of June 10, 1969, at 3:50 UT, I observed a desert-colored obscuration 
over the maria in the southern hemisphere between ca. 160° - 180° longitude. Both 
Titanum Sinus and Laestrygonum Sinus were sealed over. From Zephyria the yellow cloud 
extended nearly to the south polar cap. With foreshortening in mind, I estimate that 
the S. boundary of the storm lay nearly two-thirds of the distance from the "north" 
shore of Mare Cimmerium to the cap. Northeast of the storm's center I noted a small, 
bright cloud at 5:50 UT. 

Unfortunately, my observatory was itself clouded over on both June 9 UT (the 
night before the disturbance) and for four nights following June 10. Not until June 15 
could I again view the Titanum Sinus region, and by then the storm had died away. 

The yellow cloud was identical in color to the Zephyria desert - a fact that 
suggested the surface feature, Atlantis. That area, however, is "semi-desert" in tone, 
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Figure 7 

THE STORM OVER ATLANTIS - JUNE 10, 1969 

NOR~1.\L - JUST PRTOR TO STOW.! 
June 8, 1969, 4:00 UT; LMC 192°; 
Diam. 1911 .5; 121/.> in. refl.; 425X; 
S-7; T-3. 

DU~T STORM ON C.M. 
June 10, 1969, 3:50 UT; LCM 172•; 
Diam. 19".5; 12~ in. refl.; 400X; 
S-8; T-1 to 3. 

ROTATIO~ ANC ADJACENT CLOt:DS 
June 10, 1969, 5:50 UT; LCM 201•; 
400X; S-8; T-3. 

Sketches of Mars by Bruce Salmon to illustrate. a yellow cloud over Atlantis. See text 
of his article in this issue. Simply inverted views with south at the top. LCM is 
longitude of central meredian. Sis seeing on a scale of 0 to 10, with 10 best. T is 
transparency as a limiting stellar magnitude. Diam. is apparent angular diameter of 
Mars: 

and was not prominent in 1969. 

The top sketch on Figure 7 depicts the normal appearance of the Zephyria region, 
on June 8, 1969 UT. The middle and lower sketches reveal the storm near the C.f1. and 
its rotation with the disc after two hours had passed. The rectangular map shows the 
maria obscured by the storm of June 10 (arrow) as well as two neighboring bright regions 
of probable storms in Zephyria and Aeolis. 

A friend of mine, Howard Zeh of Toledo, Ohio, recorded the Atlantis dust storm on 
HCC film on the night of June 10, 1969, with his 8-inch reflector. See Figure 8. 
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Figure 8. Photograph of Mars by Howard F. 
Zeh with an 8-inch reflector on June 10, 19.69, 
showing a yellow cloud over Atlantis. See 
text of Bruce Salmon's article on pages 21 
and 22. 

JUPITER IN 1971: ROTATION PERIODS 

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

The highlights of the 1971 apparition were the outbreak of two major Disturbances 
in the South Equatorial Belt of the Giant Planet, observations of the South Tropical 
Zone Disturbance, and the prominence of the Giant Red Spot. 

Some data pertinent to the apparition follow: 

Date of Opposition: 
Dates of Quadrature: 
Declination of Jupiter: 
Equatorial Diameter: 
Zenocentric Declination 
Magnitude of Jupiter: 

1971, May 23. 
1971, February 25 and August 21. 
20°S. (at opposition). 
45.3 seconds (at opposition). 

of Earth: -3.2° (at opposition). 
2.1 (at opposition). 

This report is based on 806 visual central meridian transit observations sub­
mitted by 9 observers of the A.l.P.O. When plotted on graph paper, 758 transits form 
usable drifts for 55 Jovian spots distributed in 7 different atmospheric currents. 

The contributing observers are listed below by name and number of transits sub­
mitted, along with the station of observation and telescope(s) employed. 

Benton, Julius L. Savannah, Georgia 4-in. refr. l27t. 
Budine, Phillip W. Walton, N. Y. 4-in. refr. 450t. 
Capen, Chick Flagstaff, Ariz. 24-in. refr"!'* 4t. 
Gordon, Rodger W. Nazareth, Pa. 3. 5-in. and 

7-jn. refl s. 99t. 
Mack a l, Paul K. Mequon, Wise. 6-1n. refl. 5t. 
Smith, J. Russell Waco, Texas 8-in. refl. 44t. 
Sopper, Reinhard Burgsolms, West Germany 16- in. refl. 62t.*** 
Thiede, Eric Madison, Wise. 15. 5- in. refr.* 1St. 
Wacker, Wynn Madison, Wise. 15.5-in. refr. * *** 

* Washburn Observatory 
** Lowell Observatory 
*** Made sectional drawings. 

The distribution of transit observations by months is as follows: 

1971, January 41 1971, May 53 1971, August 129 
February 9 June 101 September 14 
March 25 July 310 October 79 
April 45 

In the tables which follow the first column gives an identifying number or letter 
to each object. The second column indicates whether the object was dark (D) or bright 
(W) and whether the preceding end (p), center (c), or following end (f) was being ob­
served. The third column gives the first and last dates of observation; the fourth 
column, the longitudes on those dates. The fifth column gives the longitude at opposi­
tion, May 23, 1971. The sixth column gives the number of transits. The seventh 
column indicates the number of degrees in longitude that the marking drift~d in 30 
days, negative when the longitude decreased with time. The eighth column shows the 
rotation period in hours, minutes, and seconds. 
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South Temperate Current (S edge STB, STeZ). System II. 

No. Mark Li mi ti ng Dates Limiting L. .!:.· Transits Drift Period 

F Wp Jan. 27-Sept. 21 142° - 355° 70° 24 -18~6 9:55:15 
1 We Jan. 27-Sept. 21 150 - 3 78° 24 -18.6 9:55:15 
A Wf Jan. 27-Sept. 21 157 - 10 85° 24 -18.6 9:55:15 
B Wp Jan. 16-Sept. 22 276 - 131 203° 20 -17.5 9:55:17 
2 We Jan. 16-Sept. 22 283 - 138 210° 20 -17.5 9:55:17 

c Wf Jan. 16-Sept. 22 290 - 145 217° 20 -17.5 9:55:17 
D Wp Jan. 30-Aug. 25 28 - ~47 312° 15 -21.0 9:55:12 
3 We Jan. 30-Aug. 25 35 - 254 319° 15 -21.0 9:55:12 
E Wf Jan. 30-Aug. 25 42 - 261 326° 15 -21.0 g;55: 12 

Mean Rotation Period: g;55:15 

The three long-enduring white ovals of the STeZ N were well observed and continued 
to be seen as prominent white ovals along the south edge of the STB. It might be 
interesting to recollect here that the ovals were first observed in 1939, but have been 
prominent only since 1948. The designations FA, BC, and DC were used by E. J. Reese 
to distinguish them. Later it was su9gested that the areas be named similarly to the 
way in which we name tropical storms (such as hurricanes) with female names. M. Tronfi 
suggested BC as Becky, DE as Dela, and FA as Fanny. Recently Paul Mackal suggested 
the following new names: BC as Bica, DE as Daren, and FA as Fabree. Then you see (1) 
Bica is too thin! (2) Daren is too fat: and (3) Fabree is just right!! What do our 
members think? 

In any case the long-enduring ovals are still with us, and their mean lengths for 
1971 were as follows: FA- 15°, BC- 14°, and DE- 14°, Generally these values compare 
with the 1967-68 lengths and would indicate that the ovals are increasing their long­
itudinal lengths again. The oval FA was in conjunction with the center of the Red Spot 
on September 14, 1971 at 7° (II). The long-enduring oval DE was in conjunction with the 
Red Spot on March 6, 1g71 at 12° (I I). 

Red Spot Region. System II. 

Mark Limiting Dates L imi ti n£1 L. L. Transits Drift Period 

RSp Jan. 1-0ct. 14 20 - 357° 20 43 -0~52 9:55:40 
RSc Jan. 1-0ct. 14 12 - 7 12° 43 -0.52 9:55:40 
RSf Jan. 1-0ct. 14 22 - 17 22° 43 -0.52 9:55:40 

The Red Spot was again a prominent feature of the Giant Planet. Visual transits 
indicate a mean length of 20° in longitude. After the conjunction with the STrZ Dis­
turbance on December 24, 1970, the Disturbance was dragging the Red Spot along in de­
creasing longitude in System II. During the period of June 1 - July 16, 1971, the RS 
was shifted considerably in the direction of decreasing longitude as indicated by the 
longitudes for the preceding end as listed below: 

Date RSp (II) 

May 27 2° 
Jun. 3 357° 
Jun. 16 355° 
Jun. 22 353° 
Jul. 2 351 o 

Jul. 6 355° 

Jul. 9 
Jul. 14 
Jul. 22 
Aug. 5 
Oct. 14 

RSp {II) 

357° 
353° 
357° 
357° 
357° 

Close inspection of the Red Spot drift-line reveals that the Red Spot was again 
oscillating in longitude in 1g71. The table below illustrates the dates and the longi­
tudes of oscillation of the Red Spot center in System II. 

Date RSc Date RSc 

Jan. 1 12° Jun. 25 50 
Mar. 28 15° Jul. 4 30 
Jun. 1 no Jul. 12 50 
Jun. 6 70 Jul. 30 70 
Jun. 14 50 Oct. 2 go 
Jun. 22 30 Oct. 14 70 
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South Tropical Zone Disturbance. System II. 

!!.2..:_ Mark Limiting Dates Limiting L. .!:.· Transits Drift Period 

Df Aug. 15-0ct. 18 15 -n3 9:55:31 

During the very early part of the apparition the South Tropical Zone Disburbance was 
passing the Red Spot with its initial conjunction of centers on December 24, 1970. Budine 
observed it on January 17, 1971 in conjunction with the Red Spot with its last following 
end at 57° (II) -see Mr. Mackal 's report for 1971 in J.A.L.P.O., Volume 24, Numbers 3-4, 
page 47, Figure 2. After the STrZ Disturbance ·passed the Red Spot, it became much 
fainter and less active. It had a prominent following end which was followed by A.L.P.O. 
members during the period of August 15- October 18, 1971. Marking No. 1. above is this 
feature. Its rotation period agrees exactly with Marking No. 2 of the STrZ Disturbance 
Table for the 1969-70 report concerning the South Tropical Zone Disturbance. Marking 
No. 1. is well illustrated by J. Dragesco, who observed it on August 15 and 27 and on 
September 8, 1971. See Figures 52, 54, and 56 of Mr. Mackal's report. 

SEB Z Branch of SEB Disturbance No. 1. System I I. 

No. Mark Limiting Dates Limiting L. L. Transits Drift Period 

1 De Jun. 28-Jul. 15 48° - 335° 5 -ll9~9 9:52:57 
2 We Jul. 3-Aug. 6 45 - 340 12 - 54.2 9:54:27 
3 De Jun. 28-0ct. 18 52 - 225 18 - 49.2 9:54:33 
4 De Jul. 16-Aug. 7 17 - 342 5 - 43.2 9:54:42 
5 We Jun. 28-0ct. 18 55 - 320 22 - 25.0 9:55:06 

6 De Jun. 28-0ct. 24 58 - 285 19 - 32.4 9:54:56 
7 De Jun. 28-0ct. 24 63 - 305 21 - 28.8 9:55:01 
8 We Jun. 26-Jul. 7 70 - 54 9 - 39.5 9:54:47 
9 We Jun. 28-Aug. 18 70 - 23 17 - 26. 1 9:55:05 

10 De Jul. 3-Aug. 18 74 - 37 12 - 23.1 9:55:09 

ll We Jul. 3-Jul. 26 80 - 70 5 - 12.7 9:55:23 
12 Df Jul. 10-Aug. 7 75 - 75 6 - 0.0 9:55:41 

Mean Rotation Period: 
(Nos. 2,4,6,8) 9:54:41 
(Nos. 5,7 ,9-12) 9:55:14 

~1arkings No. 1 and 2 are a dark spot and a very bright spot which represent the 
leading spots of the SEBn Branch of the SEB Disturbance. Marking No. 3 is the ad­
vancing front of the SEBn Branch of the Disturbance. Markings No. 4 - 11 are dark and 
bright spots moving along the SEB Z and south edge of the SEBn. Marking No. 12 is the 
following end of the SEB Disturbance, located in the SEB Z. Readers may wish to examine 
some of the above markings on the sketches published in Mr. ~1ackal's report cited above: 
Feature No. 1 is located on Figures 28 and 38. Marking No. 2 is illustrated on Figures 
24, 25, 26, 27, 28, 29, 30, 31, 32, 35, and 38. Marking No. 12 is on Figure 37. 

S. Component South Equatorial Belt. Retrograding Branch of SEB Disturbance No. 1. System 

No. Mark Limiting Dates Limiting L. L. Transits Drift Period 

1 De Jun. 28-Jul. 29 89° - 210° 12 +121~0 9:58:27 
2 De Jul. 1-Jul. 29 87 - 200 14 +ll3.0 9:58:16 
3 De Jul. 5-Jul. 29 93 - 190 9 +106.2 9:58:07 
4 De Jul. 7-Jul. 29 83 - 175 7 +113.2 9:58:16 
5 De Jul. 25-.'\ug. 7 100 - 143 8 + 84.8 9:57:37 

11ean Rotation Period 
(Without No. 5): 9:58:17 

Marking No. 1 is indicated as Feature B of Figure 28 by Budine in Mr. Mackal 's report. 
The object is the leading spot of the retrograding current of the SEBs. Marking No. 5 
can be located on Figure 36 of Mr. Mackal 's report of the 1971 apparition. 
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SEB Z Branch of SEB Disturbance No. 2. System II. 

No. Mark Limiting Dates Limiting L. L. Transits Drift Period 

1 We Jul. 18-0ct. 23 140° - 15° 15 -37~9 9:54:49 
2 De Jul. 18-0ct. 14 144 - 38 22 -36.6 9:54:51 
3 De Jul. 28-0ct. 14 135 - 43 15 -36.8 9:54:50 
4 De Jul. 28-0ct. 14 140 - 49 17 -36.4 9:54:51 
5 De Aug. 11-0ct. 20 133 - 60 12 -30.4 9:54:59 

6 We Sept. 5-0ct. 20 135 - 80 9 -36.7 9:54:50 
7 De Jul. 22-Aug. 26 144 - 139 7 - 4.2 9:55:35 
8 Df Jul. 21-Aug. 31 149 - 149 9 - 0.0 9:55:41 

Mean Rotation Period: ---
(Nos. 1 - 6) 9:54:52 
(Nos. 7 - 8) 9:55:38 

Markings No. 1 and 2 are the preceding or leading features of the S. edge SEBn, 
SEB Z Branch of the SEB Disturbance No. 2. The objects can be seen and are illustrated 
on Figures 47, 48, 49, 50, and 57. No. 2 is also shown on Figure 46 of Mr. Mackal's 
report. Markings No. 3 - 6 were found along the S. edge of the SEBn and in the SEB Z. 
Markings No. 7 and 8 were located in the SEB Z; also, No. 8 represents the following 
end of SEB Disturbance No. 2. 

S. Component South Equatorial Belt. Retrograding Branch of SEB Disturbance No. 2. System 

No. Mark Limiting Dates Limiting L. L. Trans its Drift Period 

1 De Jul. 2~,-Sept. 5 153° - 335° 19 +121~2 9:58:27 
2 De Jul. 26-Aug. 15 158 - 235 16 +108.4 9:58:10 
3 De Aug. 2-Aug. 9 156 - 186 5 + 94.4 9:57:50 
4 De Aug. 8-Aug. 15 154 - 188 5 +106.9 9:58:08 

Mean Rotation Period: 
(Nos. 1-2. 4) 9:58:15 

Markings No. 1, 2, and 3 are illustrated on Figures 49 and 50 of the 1971 Descrip­
tive Report. Feature No. 4 can be seen on Figure 50 of f,1r. Mackal's report. These fea­
tures were moving in the retrograding SEBs current of Disturbance No. 2. 

Readers should refer to the excellent series of strip sketches (Figure 11) by 
Reinhard Sopper of West Germany, who was employing a 16-inch Newtonian reflector at 
magnifications of 250X and 330X with very good seeing conditions. I am now going to 
describe in detail the features of the two SEB Disturbances. In some cases reference 
is also made to sketches in Mr. Mackal 's report. 

Figure 1: 

Figure 2: 

Figure 3: 

Figure 4: 

Description of the SEB Disturbances of 1971 

Early stage development of Disturbance No. 1. This Disturbance erupted 
on June 20, 1971. Note the bright oval preceding the festoon in the 
SEB Z. This oval is No. 2 in the Rotation Period Table. It is also 
illustrated on Figures 19- 30 of Mr. Mackal's report. 

Oval No. 2 is shown. The effect of a double festoon is apparent. 
Note the central bright spot in the north-central region of the festoon, 
also the three retrograding dark spots of the SEBs. Readers should 
compare this figure with Figure 28 in Mr. Mackal 's report, where Budine 
records Oval No. 2, a double festoon, the central bright area, and 
three retrograding dark spots. Budine's sketch illustrates the pre­
ceding retrograde SEBs spot at 80° (II). Mr. Sopper in a later view 
shows it at about 130° (II). Mr. Sopper comments that "the SEBs spots 
were red- brown in color and had a diameter of 0.5- 1.0 seconds!" 

Oval No. 2. is still prominent. Double aspect still seen. Central oval 
is shown, but fainter in intensity. Note festoon developing in the SEB Z. 
Note the absence of SEBs spots in this view, which is also confirmed on 
Figure 30 of Mr. Mackal 's report. 

Oval No. 2, moving in a decreasing longitude, is now near the following 
end of the Red Spot. Compare this view with Figure 31 of Mr. Mackal's 
report. 
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Figure 9. Drift-lines, longitude (II) vs. time, of selected features on Jupiter in 1971. 
Observations by the A.L.P.O. Jupiter Section. Graph prepared and contributed 
by Phillip W. Budine. See also text of Mr. Budine's Jupiter Report in th is 
issue. 

Figure 5: Oval No. 2 is in conjunction with the Red Spot. Figure 32 of Mr. Mackal 's 
report confirms this appearance. 

Figure 6: Oval No. 2 is in conjunction with the preceding end of the RS. Two dark spots 
are seen erupting from the eruption source located near the center of the SEB 
Z. The leading spot is on the north edge of the SEBs and will be moving into 
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Figure 7: 

Figure 10. Drift-lines, 
longitude (II) vs. time, 
of selected marks in two 
major SEB Disturbances 
on Jupiter in 1971. Ob­
servations by the A.L.P.O. 
Jupiter Section. Graph 
prepared and contributed 
by Phillip W. Budine. 
See also text of Mr. 
Budine's Jupiter Report 
in this issue. 

the SEB Retrograding Current. The following spot is moving away from the 
source 6f the eruption. 

Disturbance No. 2 is seen as a dark festoon located at 144° (II). This 
D1sturbance was first seen on July 18, 1971. The leading retrograding dark 
spot is seen at 170° (II). As the SEBs dark spots passed the longitude source 
of Disturbance No. 2, the second major Disturbance developed. Note that the 
following retrograding spot is located at the source longitude of Disturbance 
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Figure 11. Strip sketches by Mr. Reinhard Sopper of development of two major SEB Dis­

turbances on Jupiter in 1971. 16-inch reflector, 250X and 330X. See also 
l·lr. Budine's Jupiter Report in this issue. The figure numbers on the left 
rna rgi n refer to the text on page 26 et ~· 
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Figure 8: 

Figure 9: 

Figure 10: 

Figure 11: 

Figure 12: 

Figure 13: 

Figure 14: 

No. 1. There were no SEBs dark spots observed preceding the eruption 
source longitude. Note the dark spots along the STB ; these are moving 
in the Circulating Current - South Branch. n 

Note the dark festoon still at the source of the SEB Disturbance No. l, 
which is constant in longitude in System II. Retrograding SEBs dark spots 
are seen moving along the SEBs. Leading dark spots of the SEBs Retro­
grading Branch of the Disturbance No. 1 are seen at 260° (II) longitude. 

Note the dark SEBs retrograding spots now seen erupting from both Dis­
turbances. Very dark festoons mark the sources of both Disturbances. 
Note the dark spot moving along the festoon of Disturbance No. 1 and, 
most important, its latitude in the southern portion of the SEB Z! Also 
illustrated are the STBn spots moving in the decreasing longitude direc­
tion in the southern branch of the Circulating Current. 

Bright ovals are seen in the SEBn at 250° and 310° (II). SEB Z festoons 
and STBn spots are prominent. Note SEBs retrograding spots at 230° and 
250° (II). Compare this sketch with Figures 38 and 39 of Mr. Mackal's 
report, also with Figure 50 by Doel, which illustrates Disturbance No. 
2, some of the STBn dark spots, the SEBs retrograding spots, and the pre­
ceding end of the South Tropical Zone Disturbance. 

Note the prominence of the source festoons of both Disturbances. The 
SEBs retrograding spots are seen moving along the SEBs from Disturbance 
No. 2 to longitude 260° (II). Two large bright ovals are seen near 210° 
(II) and one at 270° (II); all are located in the SEBn. Compare this 
figure with Figures 51 and 52 of Mr. Mackal 's report in JALPO, Volume 
24, Nos 3-4. --

A most interesting view, with this sketch illustrating a wealth of in­
formation! The long-enduring South Temperate Zone oval FA is in conjunc­
tion with the Red Spot. The preceding end of the South Tropical Zone 
Disburbance is at 144° (II). The South Branch of the Circulating Current 
is evident with the STBn dark spots seen from the preceding end of the 
South Tropical Zone Disturbance to the following end of the Red Spot. 
The North Branch of the Circulating Current is also prominent with the 
SEBs retrograding spots seen from 330° to the preceding end of the South 
Tropical Zone Disturbance. Also, note the very brilliant oval at the 
preceding end of the Disturbance in the SEBn. It is also interesting 
to note that on this sketch the preceding end of the South Tropical Zone 
Disturbance and the dark festoon at the source of the SEB Disturbance No. 
2 are both located at longitude 144° (II)! Compare this sketch with 
Figures 52, 54, and 56 of Mr. Mackal's report. All of these sketches are 
by Dragesco, and all show the preceding end of the South Tropical Zone 
Disturbance and Disturbance No. 2. 

Mr. Sopper comments on this sketch and says: "the SEBs dark spots were 
seen in conjunction with the Red Spot on September 7 and g". He also 
says: "the SEBs retrograding spots were running north of the RS along 
the SEBs, here they lost their brown wisps, and got an elongated form. 
Just below the RS they got accelerated. Following the RS the brown wisps 
(projecting south from the dark spots) were to be seen again and the 
spots continued with their original velocity. Very interesting is the 
optical appearance of these spots. Their outlines are not limited 
sharply. They appear with soft outlines but a rather dark center that is 
only to be seen as a point, not an area, with the 16-inch reflector at 
330X. The brown wisps originating in these little spots lie in a north­
south direction. They show differences in size and intensity just as 
the SEBs spots do". 

Note the STBn dark spots approaching the following end of the Red Spot. 
Also, note the dark spots and their projections located at the preceding 
end and the following end of the RS. SEBs spots can be seen between 
150° and 210° (II). 

This figure illustrates the oval FA near the RS, the STBn dark spots now 
preceding the RS, and the SEBs retrograding spots. 
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Figure 15: Note the features connecting the following end of the RS with the SEBs 
and the bright oval in the SEB Z at 40° (II). Mr. Sapper says concerning 
this sketch: "The Red Spot has always been a perfect ellipse. The pre­
ceding and following end often showed dark red condensations; sometimes a 
dark red ring surrounded the Red Spot. At the condensation of the follow­
ing end was sometimes to be seen an outflow of material in the latitude of 
the SEBs. It passed along the SEBs and changed its color over a longitude 
of 40° from dark red to orange. Aside from this effect there were often 
observed so called pointed ends". Figure 15 can also be compared with 
Figure 43 of Mr. Mackal 1s report. Later views of the Disturbances were 
obtained by Budine on October 14 and 18 as illustrated on Figures 44 and 
57 of Mr. Mackal 's report. 

Comments: Readers should study the above descriptions; the beautiful and detailed 
strip sketches by Mr. Sapper, and the tables and graphs concerning the two major SEB 
Disturbances of 1971 for a complete understanding of the development and progress of 
these Disturbances. Not since 1943 have we had this opportunity! 

Some very interesting results hav~ been obtained, and we hope that with the next 
outbreak of SEB activity more observers will apply themselves to a concentrated study 
of these phenomena of the Giant Planet! In conclusion the Recorder would like to ex­
press sincere thanks to all who participated and contributed to this Rotation Period 
Report of the Jupiter Section. Also in closing, I feel the most important results of 
the 1971 observational evidence support the thinking and theories of Elmer J. Reese; and 
that is that with both of the 1971 SEB Disturbances the source of eruption remained 
constant in System-rr-longitude, and the SEBs Retrograding Spots originated not in the 
SEBs but rather in the southern portion of the SEB Z! 

No. Mark 
1 De 
2 De 
3 De 
4 De 
5 De 

6 De 
7 De 
8 De 
9 De 

10 De 

11 De 

North Equatorial Current (S. edge NEB, N. Part EZ). System I. 

Limiting Dates 

Jun. 12-Jun. 28 
Apr. 20-Jun. 19 
Jun. 3-Jul. 5 
Jun. 3-Jun. 26 
Jun. 12-Jul. 26 

Jul. 6-Aug. 14 
May 28-Ju 1. 12 
May 19-Jul. 25 
Jun. 2-Aug. 7 
Jun. 20-Jul. 6 

Jun. 6-Jun. 22 

Limiting L. 

57° - 56° 
89 - 89 

149 - 143 
165 - 165 
173 - 173 

196 - 197 
219 - 2ll 
247 - 243 
285 - 291 
305 - 305 

L. 

ago 

247 

Transits 

6 
9 
5 
5 
8 

7 
8 
9 

12 
5 

310 - 311 5 
Mean Rotation Period: 

Drift 

-0% 
0.0 

-5.5 
0.0 
0.0 

+0.7 
-5.3 
-1.7 
+2.6 
0.0 

+1. 7 

Period 

9:50:29 
9:50:30 
9:50:23 
9:50:30 
9:50:30 

9:50:31 
9:50:23 
9:50:28 
9:50:34 
9:50:30 

9:50:32 
9:50:29 

The most prominent features of the North Equatorial Current in 1971 v1ere very 
dark festoons with their bases located on the south edge of the NEB. They extended in 
almost all cases to the north edge of the SEBn. All the features in the above table are 
these prominent festoons. Marking No. 1 is a very dark festoon extending from the south 
edge of the NEB to the north edge of the SEBn. Scholks shows it extending as far south 
as the SEBs. It is well illustrated on Figure 11 of Mr. Mackal 's report. No. 2 is an 
even darker, wide-base festoon on the south edge of the NEB and extended southward to 
the SEBn. Mrs. Beck shows it well on her sketch as Figure 7 of Mackal's report. Scholks 
recorded it on May 29, 1971 as extending to the SEBs and curving back northward to the 
south edge of the SEBn. See Figure 11 of Mackal's report. Nos. 3, 4, and 5 are all well 
illustrated by Mackal on June 28, 1971 and can be seen on Figure 25 of his report. 
Dragesco had fine views of objects Nos. 6, 7, 8, and 9. No. 6 is seen on Figures 26 and 
47 of Mackal's report. Figure 26 also illustrates marking No. 7. No. 8 is on Figure 27 
of Mackal 's report, and No. 9 is illustrated on Figure 32 of the same report. 

North Tropical Current B (N. edge NEB, NTrZ). System II. 

No. Mark Limiting Dates Limiting L. L. Transits Drift Period 

1 De Apr. 20-Jul. 3 165° - goo 133° 7 -30~0 9 55 00 
2 We Apr. 19-Jul. 3 170 - 95 138 9 -30.0 9 55 00 
3 We Apr. 20-Jun. 30 178 - 110 146 14 -27.2 9 55 03 

Mean Rotation Period: 9 55 Ol 
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Marking No. 2 started its appearance as a bright gap in the north edge of the NEB; 
later it developed into a bright white oval on the north edge of the NEB. It is recorded 
as a bright gap by Dragesco on Figure 8 of Mackal 's report. It is shown as a white oval 
on June 29, 1971 by Dragesco on Figure 27 of that report. Nos. 2 and 3 are well illustrat­
ed on Figures 12 and 27 by Dragesco in the same report. No. 1 was a very dark, tall pro­
jection preceding oval No. 2; it is seen on Figure 27 by Dr. Dragesco of Mr. Mackal's 
report for 1971. 

Postscript gy Editor. The intensive long-time student of Jupiter, Mr. Elmer J. Reese, 
considers that tne present aspect of Jupiter (as of late July, 1974) suggests the imminent 
occurrence of another major South Equatorial Belt Disturbance. The Giant Planet should 
be observed closely for signs of the familiar early stages of such events,as discussed 
by Mr. Budine above and as illustrated by Mr. Sapper on Figure 11. In truth, the Disturb­
ance might even be in full swing by the time this issue reaches our readers! 

BRIGHTNESS RANKINGS OF JUPITER'S SATELLITES IN 1971 
By: Phillip W. Budine, A.L.P.O. Jup1ter Recorder-

J. Lankford of Columbia, Mo., made 24 sets of observations of the relative rankings 
(brightnesses) of the four Galilean satellites of Jupiter from June 22, 1971 to September 
15, 1971, with an average transparency of 5 to 6 and average seeing of 4. The observa­
tions were made in regular light without a filter, with red, blue, green, and violet 
filters, in polarized light through the angle of extinction, and then through the angle 
of revisibility. Note that n = 19, since one set was dropped because J. I was not visible, 
and 4 sets were dropped because J. II was in transit, in eel ipse, or not visible. By 
"missed" is meant fade-out. The f co 1 umn is the frequency or the number of times a sat­
ellite was assigned the rank shown. 

Sat. I: 

Sat. II: 

Sat. I II: 

NF 
Rank f 

1 
2 
3 
4 

Missed 

Violet 

7 
5 
6 
1 
0 

Rank ___ f 

1 
2 
3 
4 

f~i ssed 

NF 

0 
2 
3 
2 

12 

Rank f 

1 
2 
3 
4 

Missed 

3 
15 
0 
1 
0 

Violet Rank ___ f 

1 
2. 
3 
4 

Missed 

NF 

0 
7 
4 
0 
8 

Rank f 

1 
2 
3 
4 

r~i ssed 

18 
1 
0 
0 
0 

Red 
Rank f 

1 
2 
3 
4 

Missed 

5 
9 
5 
0 
0 

Pol. ex. 
Rank----r 

1 
2 
3 
4 

Missed 

0 
6 
5 
8 
0 

Red 
Rank- f 

1 
2 
3 
4 

Missed 

3 
10 

6 
0 
0 

Pol. ex. 
Rank f 

1 
2 
3 
4 

Missed 

Red 

0 
9 
9 
1 
0 

Rank f 

1 
2 
3 
4 

Missed 
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18 
1 
0 
0 
0 

Blue 
Rank-- f 

1 
2 
3 
4 

Missed 

3 
7 
8 
1 
0 

Pol. rt. 
Rank 

1 
2 
3 
4 

Missed 

0 
7 
4 
8 
0 

Blue 
Rank-- f 

1 
2 
3 
4 

Missed 

1 
8 
9 
1 
0 

Pol. rt. 
Rank f 

1 
2 
3 
4 

Missed 

0 
8 

10 
1 
0 

Blue 
Rank-- f 

1 
2 
3 
4 

Missed 

17 
2 
0 
0 
0 

Green 
Rank-- f 

1 
2 
3 
4 

Missed 

3 
9 
5 
2 
0 

Green 
Rank-- f 

1 
2 
3 
4 

r1i ssed 

0 
9 
9 
1 
0 

Green 
Rank-- f 

1 
2 
3 
4 

Missed 

18 
0 
0 
1 
0 



Violet Pol. ex. Pol. rt. 
Sat. III: Rank.--f Ranr---f Rank f 

1 13 1 15 1 15 
2 3 2 0 2 0 
3 0 3 3 3 3 
4 1 4 1 4 1 

Missed 2 Missed 0 Missed 0 

NF Red Blue Green 
Sat. IV: Rank. f Rank f Ran_k_ f Ra~ f 

1 1 1 0 1 2 1 1 
2 2 2 2 2 4 2 4 
3 10 3 7 3 3 3 6 
4 6 4 9 4 10 4 8 

Missed 0 Missed 2 Missed 0 Missed 0 

Violet Pol. ex. Pol. rt. 
Rank --f Rank ___ f Ran-k--f 

1 7 1 6 1 6 
2 5 2 7 2 7 
3 4 3 3 3 3 
4 0 4 3 4 3 

Missed 3 Missed 0 Missed 0 

These results are quite interesting for at least two reasons: (1) Sat. II has 
a tendency to have rank 2 roore often than Sat. I, and (2) Sat. IV reverses ranks with 
Sat. I in violet light. 

BOOK REVIEWS 

Planets, Stars and Nebulae Studied with Photopolarimetr~. T. Gehrels, Editor. 
University of Arizona Press, Tucson, Ar1zona. 1133 pages. 1 74, Price $27.50. 

Reviewed by Dale P. Cruikshank 

When light waves are preferentially oriented in one direction or another, the 
light is said to be polarized. Polarized light occurs commonlJ in nature; the daytime 
sky, rainbows, reflections from smooth surfaces, and light transmitted by sheets of 
plastic are all polarized, as can be seen by examination with polaroid sunglasses. 
Light from roost astronomical sources is also polarized, though to a much lesser degree; 
and the amount and direction of the polarization give important information on surface 
roughness and albedo (in the case of a satellite or asteroid), the particles and gases 
in the atmosphere of a planet, the grains in a dust cloud surrounding a star, and the 
magnetic fields of stars, just to name a few examples. The polarization of light from 
astronomical objects has been studied for over a century. 

Recognizing the need for a comprehensive text-like book on the subject of astro­
nomical polarization studies, Tom Gehrels of the University of Arizona organized a 
conference in November, 1972; this encyclopedic volume of papers, discussion, andre­
ferences is the outcome of the conference. The Gehrels volume is intended for scien­
tists wanting a detailed overview of the entire subject and for specialists wishing to 
delve into a particular facet of polarimetry; it is not for beginners. Readers with 
an interest in the planets, satellites, and asteroids will find nearly a fourth of the 
book devoted to these topics, though the articles are highly detailed with physics and 
rna them a ti cs • 

Books resulting from conferences are typically far less successful than the 
Gehrels volume; the high quality of this book is clearly due to strict editorial at­
tention to each paper and the discussions. Gehrels' book will surely stand for many 
years as the fundamental reference source for polarization studies in ast~nomy as 
well as in atmospheric physics. 

* * * * * * 
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Meteorites and their Origins, by G. J. McCall, New York: John Wiley & Sons, Inc. 
1973. 352 pages. Price $12.95. 

Reviewed by Fred J. Lazor 

In Meteorites and their Origins, Dr. McCall has attempted "to condense the vast 
spectrum of meteoritics irto a single readable volume." In this comprehensive volume he 
has covered all phases of meteoritics but in varying degrees, reflecting his personal 
interests. Dr. McCall only briefly discusses historical and astronomical aspects of 
meteorites while he exhaustively deals with meteorite classifications, mineralogies, and 
morphologies. In many instances Dr. McCa~l uses examples from his native Australia, 
which are both interesting and are not found in other references. 

The author deals with astroblemes, tektites, and organic matter in meteorites, all 
very controversial subjects, in an unsatisfactory manner. Rather than presenting all 
available data and discussing the various theories, Dr. McCall only presents his opinions 
which are at times substantiated by only the most tenuous of data. A good example is his 
denial of any large impact features on the Earth, including the famous Canyon Diablo 
Crater in Arizona, where he suggests a possible volcanic origin for this crater. 

Dr. McCall has hardly accomplished his goal of a readable volume on meteoritics. 
Many of his sentences are extremely long and rambling. Picking a page at random reveals 
one sentence of 123 words and one of 58, and only one sentence of less than 30 words. 

f·1eteo rites and their 0 ri gins contains an excellent bibliography and touches on a 11 
phases of meteor1t1cs. However, due to its biased handling of controversial topics and 
a general lack of readability, it must be concluded that this book has not accomplished 
its goal; and it should be read with an open mind and, preferably, a strong background 
in geology. 

* * * * * * 
Mars and The Mind of Man, by Arthur C. Clarke, Ray Bradbury, Bruce Murray, Carl 

Sagan, and Walter Sullivan. Harper and Row, New York, New York, 1973. 143 pages. 
Price $7.95. 

Reviewed by Rodger W. Gordon 

Mars and The Mind of Man is a neat little compilation of a panel discussion, held 
in November, 1971 at the California Institute of Technology, by the five aforementioned 
authors just before Mariner 9 began to orbit Mars. There is also a series of after­
thoughts written in the latter half of 1972. It is a scientific, romantic, and poetic 
look at our neighbor red planet describing in a chatty, informal manner our ideas of Mars 
circa 1900, pre-1971, and post-1971. It reflects the optimism, pessimism, and resurgent 
optimism about the possible chances that Mars is a "living" (biologically speaking) world 
and discusses how Lowell's ideas, though wrong, have inspired a host of science fact and 
science fiction writings. It also indicates how Lowell's deep seated impressions have, 
to this day, influenced the minds and hearts of men who have designed the biological 
probes to land on Mars later this decade. We see the enormous influence Lowell has 
wielded (through his writings) over Man's thinking about the cosmos and the possibility 
of 1 i fe "out there" somewhere. 

Each author gives an account of how Lowell influenced his own early thinking about 
Mars and how his views have changed (regrettably so) as the myth receded and concrete 
evidence came to show Mars to be typically un-Lowell-like. 

The social aspects of manned and unmanned space hardware, the discoveries, and how 
they may affect the thinking about future science and technology are discussed. Lament­
ably, the authors point out that space exploration is now made the brunt or scape-goat 
of all that seems wrong with our society by many critics, who do not understand what 
science is and therefore blame all of today's troubles on it. 

There is a fascinating section by Murray and Sagan in which each gives his own in­
terpretation of the data by Mariner 9. The two hypotheses are almost diametrically op­
posed to each other. Non-scientists should particularly read this part of the book. It 
demonstrates that when two outstanding scientists differ so remarkably on the same data, 
it is necessary to continue exploring and searching for the truth. 

There are some fifty Mariner 9 close-ups of the planet in the second half of the 
book, and all are well reproduced. t·1any persons will buy the book just for the pictures, 
though no technical data are given for any of them. 

The end of the book by Ray Bradbury has to rank as one of the most inspired pieces 
of writing this reviewer has seen in some time. Combining science, religion, poetry, and 
some famous Hollywood dialogue from H. G. Wells' "Things to Come", he states an eloquent 
appeal for Man's spirit to continue the search for truth out to the stars and beyond. I 
would have paid $7.95 for this part of the book itself. 

If you have $7.95 to spend, I can't think of a better book to spend it on! 
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LUNAR NOTES 

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

Additions to the A.L.P.O. Lunar Photograph Library: Apollo-16 Photographs 

The most recent addition to the A.L.P.O. Lunar Photograph Library consists of 77 
photographs taken during the Apollo-16 lunar orbit {April 20-24, 1972). All photographs 
received, three of which are reproduced with this report {one on the front cover), are 
in the form of 8 x 10-inch black-and-white enlargements. These photographs are listed 
below, with data given as follows: 

Code 
Number 

AS16-
120 
124 
128 
132 
136 
140 
144 
148 
152 
156 
160 
164 
168 
172 
174 
986 
994 
998 
1340 
1345 
1350 

{a) Format--M refers to the metric camera, H to the Hasselblad camera. V 
1ndicates a near-vertical view, while H-and L refer to high oblique­
{horizon visible) and low oblique {below hor1zon) views, respectively. 
In the case of obliques, ill or ill indicate whether the camera was 
pointing north or south. Note that the metric camera high obliques, 
being wide-angle views, actually show the Moon's surface from the nadir 
area {directly below the camera) to the horizon. 

{b) Scale--Given as follows: 960T = l/960,000 {for vertical views only), 
900Tv = approximately l/900,000 in the nadir area only {for metric 
ii'liTlq"ues). Due to extreme foreshortening, scales are not given for 
Hasselblad obliques. 

{c) Descri tion-- Following the feature description and the longitude/lat­
itude IAU system), photographs forming part of a series {"strip"), or 
overlapping other single or group photographs, are noted {with a strip 
series, each photograph overlaps the preceeding, and the following, 
photograph). With metric verticals, overlap areas may be viewed stereo­
scopically. Further data on strip coverage are given at the end of this 
report. 

Table 1. Apollo-16 Photographs. 

Sun 
Format Angle Scale D e s c r i p t i o n 

M,V High 960T Maclaurin M {68°E/05°S){#l of strip of 15) 
M,V High 985T Langrenus-C,T {63°E/05°S){#2 of strip of 15) 
M,V High lOOOT Langrenus-B,F,K {58°E/06°S){#3 of strip of 15) 
M,V High 980T Messier G {53°E/07°S){#4 of strip of 15) 
M,V High 960T Goclenius-A {48°E/07°S){#5 of strip of 15) 
M,V High 940T Gutenberg-Goclenius {43°E/08°S){#6 of strip of 15) 
M,V Medium 930T Capella {37°E/08°S){#7 of strip of 15) 
M,V Medium 940T Isidorus-Madler {33°E/09°S){#8 o~ strip of 15) 
M,V Medium 920T Madler-Theophilus {27°E/09°S){#9 of strip of 15) 
M,V Medi urn 905T Kant-Zollner F {22°E/09°S){#l0 of strip of 15) 
M,V Medi urn 885T Descartes-Zollner {l7°E/09°S){#ll of strip of 15) 
M,V Low 875T Andel -Dollond B,C {l2°E/09°S){#l2 of strip of 15) 
M,V Low 870T Albategnius-Hind {07°E/09°S){#l3 of strip of 15) 
M,V Low 8B5T Albategnius-Muller {02°E/09°S){#l4 of strip of 15) 
M,V Low 885T Ptolemaeus {Ol 0 W/09°S){#l5 of strip of 15) 
M,V Medium 900T Albategnius {02°E/09°S) 
M,V Low 895T Davy Y {07°W/09°S){Overlaps AS16-998) 
M,V Low 870T Parry M {l2°W/09°S){Overlaps AS16-994) 
M,H{N) High 800Tv Neper-M. Marginis {9l 0 E/06°N){#l of strip of 17) 
M,H{N) High 800Tv Neper-Schubert {84°E/04°N){#2 of strip of 17) 
M,H(N) High 800Tv Schubert X-Condorcet F (7rE/02°N){#3 of strip of 17) 
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Figure 12. An Apollo-16 metric camera vertical photograph, showing the ruined ring Letronne 
(120 km.), on the southern margin of Oceanus Procellarum. The low sun (Colong. = 47°, solar 
altitude= 4°) highlights the l ,000-meter high crater wall. The small crater to the right 
(north) is Flamsteed A (12 km.). Photo. AS16-2995. See also John l1estfall's report on the 
A.L.P.O. Lunar Photograph Library. 

Code 
Number 
AS 16-
1355 
1360 

1365 
1370 
1375 

1380 

1385 

Format 

M,H(N) 
M,H(N) 

M,H(N) 

M,H(N) 
M,H(N) 

M,H(N) 
M,H(N) 

Sun 
Angle 

High 
High 

High 

High 
High 

High 
High 

Table 1--Continued 
Scale Description 

800Tv Maclaurin K-M. Undarum (7l 0 E/02°N)(#4 of strip of 17) 
800Tv M. Spumans-M. Undarum-M. Crisium (64°E/00°N) 

( #5 of strip of 17) 
800Tv Vlebb-Apollonius (57°E/Ol 0 S)(#6 of strip of 17) 

800Tv Messier-Taruntius (50°E/02°S)( #7 of strip of 17) 
800Tv Lubbock-Secchi (43°E/03°S)( #8 of strip of 17) 

800Tv Isidorus B-Maskelyne D (37°E/03°S)( #9 of strip of 17) 
800Tv Torricelli-Maskelyne (30°E/04°S)( #10 of strip of 17) 
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Figure 13. The 59-km. diameter crater Bullialdus, as photographed by the Apollo-16 Hassel­
bl ad camera (250-mm. lens). This crater is 2,400 meters deep; its l ,000-meter central peak 
and terraced inner walls are well shown. Beyond Bullialdus are the craters Bullialdus A 
and B, and Kies (low ring). On the southern horizon (right) are the craters Mercator and 
Campanus. Photo. AS16-l9Qg4. See also John Westfall's report on the A.L.P.O. Lunar Photo­
graph Library. 

Code Sun 
Number Format Angle Scale 
AS16-
l390 
1395 

1400 
1405 

1410 
1415 

1420 
l67g 

1683 

M,H(N) 
M,H(N) 

M,H(N) 
M,H(N) 

M,H(N) 
M,H(N) 

M,H(N) 
M,V 
M,V 

Medi urn 800Tv 
Medi urn 800Tv 

Medi urn 800Tv 
Medium 800Tv 

Medium 800Tv 
Low 800Tv 

Low 800Tv 
Low 930T 

Low 945T 

Table 1--Continued 

D e s c r i p t i o n 

Hypatia-Arago (23°E/05°S)( #ll of strip of 17) 
Taylor-Delambre (l6°E/05°S)( #12 of strip of 17) 

Hind-Godin (09°E/06°S)( #13 of strip of 17) 
Hipparchus-Triesnecker (03°E/06°S)( #14 of strip of 17) 

Ptolemaeus-S. Medii (04°W/06°S)( #15 of strip 17) 
Lalande-Schroter (ll 0 W/06°S)( #16 of strip of 17) 

Fra Mauro-Gambart (l8°W/06°S)( #17 of strip of 17) 
Davy-Parry M (09°W/09°S)( #l of strip of 4) 

Guericke-Parry (l3°W/09°S)( #2 of strip of 4) 
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Table 1--Continued 

Code Sun 
Number Format Angle Scale Descri[!ti o n 
AS16-
1687 M,V Low 940T Parry-Bonpland (l8°W/09°S)( #3 of strip of 4) 
1691 M,V Low 940T E. M. Cognitum {23°W/09°S)( #4 of strip of 4) 
2205 M,V Medi urn 985T Parry-Bonpland (l7°W/09°S)( #1 of strip of 4) 
2209 M,V Low 970T E. M. Cognitum-Bonpland E (22°W/09°S)(#2 of strip of 4) 
2213 M,V Low 975T Mts. Riphaeus-Euclides-D (26°W/09°S)( #3 of strip of 4) 
2217 M,V Low 975T Euclides-C (32°W/09°S)( #4 of strip of 4) 
2405 M ,H ( S) High 900Tv M. Smythii (89°E/00°S)( #1 of strip of 20) 
2410 M,H(S) High 900Tv M. Smythii-Kastner (82°E/02°S)( #2 of strip of 20) 
2415 M,H(S) High 900Tv Gilbert-Kastner (75°E/03°S)( #3 of strip of 20) 
2420 M,H{S) High 900Tv Maclaurin-La Peyrouse (70°E/04°S)( #4 of strip of 20) 
2425 M,H{S) High 900Tv Langrenus-A (64°E/05°S)( #5 of strip of 20) 
2430 M,H(S) High 900Tv Langrenus-B,F,K (58°E/06°S)( #6 of strip of 20) 
2435 M,H(S) High 900Tv Messier G-Crozier (52°E/O]OS){ #7 of strip of 20) 
2440 M,H{S) High 900Tv Goclenius-Colombo (45°E/08°S)( #8 of strip of 20) 
2445 M,H{S) High 900Tv Gutenberg-Mts. Pyrenacus (39°E/08°S)( #9 of strip of 20) 
2450 M,H(S) High 900Tv M. Nectaris (32°E/09°S)( #10 of strip of 20) 
2455 M,H{S) High 900Tv Theophilus-Fracastorius (26°E/l0°S)( #11 of strip of 20) 
2460 M,H(S) High 900Tv Kant-Tacitus (20°E/ll 0 S)( #12 of strip of 20) 
2465 M,H(S) High 900Tv Andel-Abulfeda (13°E/l2°S)( #13 of strip of 20) 
2470 M,H(S) ~dium 900Tv Albategnius-Airy (07°E/l2°S)( #14 of strip of 20) 
2475 M,H(S) Medi urn 900Tv Ptolemaeus-Arzachel (Ol 0 E/l2°S)( #15 of strip of 20) 

2480 M,H(S) ~dium 900Tv Davy-Thebit (06°W/l2°S)( #16 of strip of 20) 
2485 M,H(S) Medium 900Tv Guericke-Birt (l2°W/l3°S)( #17 of strip of 20) 

2490 M,H(S) Low 900Tv Guericke F-Bullialdus (l8°W/l3°S)( #18 of strip of 20) 
2495 M,H(S) Low 900Tv M. Cognitum-Bullialdus (25°W/l3°S)( #19 of strip of 20) 

2499 M,H(S) Low 900Tv Euclides C-Agatharchides {30°W/l3°S)(#20 of strip of 20) 

2831 M,V Medi urn 1015T Euclides-C,D (28°W/ll 0 S)( #1 of strip of 4) 
2836 M,V Low 1025T Wichmannp-Herigonius (35°W/ll 0 S)( #2 of strip of 4) 

2840 M,V Low 1020T Letronne-Wichmann (39°W/ll 0 S)( #3 of strip of 4) 
2844 M,V Lov1 1020T Letronne-Flamsteed A (45°l~/l0°S)( #4 of strip of 4) 

2991 M,V Low 1015T Wichmann-Herigonius (37°W/ll 0 S)( #1 of strip of 3) 
2995 M,V Low 1015T Letronne-Flamsteed A (43°W/l0°S)( #2 of strip of 3) 

2999 M,V Low 1015T Billy B (48°W/l0°S)( #3 of strip of 3) 
19094 H,H(S)* Medium ----- Bullialdus (22°W/2l 0 S) 

19224 H,H(S)* Low Straight Wall (08°W/22°S) 
19242 H,H(S)* ~1edi urn ----- Bullialdus (21°W/20°S) 

19319 H,L(S)* Low W. Gassendi-N. W.M. Humorum (43°W/l9°S) 
(Overlaps AS16-19323,-l9327,-l933l) 

19323 H,L(S)* Low W. M. Humorum-Mersenius D (44°W/21°S) 
(Overlaps AS16-19319,-19327,-19331) 

19327 H,L{S)* Low N. W. M. Humorum (43°W/20°S) 
(Overlaps AS16- 19319,-19323,-19331) 

19331 H,L(S)* Low Rimae Mersenius I,II, &III (45°W/2l 0 S) 
(Overlaps AS16-l9319,-l9323,-19327) 

*250-mm. lens 
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Table 2. Apollo-16 Strip Coverage. 

Code 
Number Longitude/Latitude No. 
Range Format Start Point End Point Col ong. Frames S c a 1 e 

AS16-
120-174 M,V 68°E/05°S 01°W/09°S 001° 15 870T - lOOOT 
994-998 M,V 07°W/09°S 12°W/09°S . 012° 2 895T - 900T 
1340-1420 M,H{N) 91°E/06°N 18°W/06°S 021° 17 ca. 800Tv 

1679-1691 M,V 09°W/09°S 25°W/09°S 022° 4 930T - 945T 

2205-2217 M,V 17°W/09°S 32°W/09°S 031° 4 970T - 985T 

2405-2499 M, H(S) 89°E/00°S 30°W/13°S 032° 20 ca. 900Tv 

2991-2999 M,V 37~/ll 0S 48°W/l0°S 047° 3 1015T 

ANNOUNCEMENTS 

Addendum to First Footnote ~on ~£!lof JALPO, Vol. ~Nos. 11-12. 
The footnotecited concerns the date of a Christmas card photograph of Jupiter 
referenced by Mr. Paul Mackal in his article "Jovian Colors in 1973". The latest 
information from Mr. C. F. Capen, who took the photograph, is that he made up 
cards from photographs over the interval 1965-1969. Hopefully, then, the red­
brown color found in the SE8s may be representative of Jupiter in recent years. 

Corrections to JALPO, Vol. 24, Nos. 9-10. On pg. 202 the telescope shown in 
Figure 23 is Michigan StateUniversity's 24-inch reflector, not the University 
of Michigan's 24-inch reflector. On the same page the last sentence of the second 
paragraph should read: "On the other hand, the average value of n for this comet 
is very close to the average, which is between three and four." 

New address for Phi 11 ip \'!.:._ Budine. The address of one of our Jupiter Recorders 
has recently changed to: Phillip W. Budine 

Box 68A, R.D. 3 
Walton, New York 13856 

All correspondence and all observational material should be sent to Mr. Budine 
at this new address. 

Death of David P. Barcroft. We announce with great regret the death of 
the Al~OSecretary, Mr. David P. Barcroft, on July 13, 1974. He had served in 
this capacity since the founding of the ALPO in 1947. A commemorative article is 
being plannPd for the next issue. 

New ~LPO Secretary. Mr. J. Russell Smith, 8930 Raven Drive, Waco, Texas 
76710 has agreed to take over the post of Secretary of our Association. Mr. Smith 
will need no introduction to our members. He has been an active contributor 
to this journal for many years and has served for some time as Book Review Editor. 
He has already assisted considerably in recent months with routine correspondence, 
letters with inquiries of various kinds, and other matters. We express our appre­
ciation to him for his willingness to take on the post of Secretary. 

A New Lunar Recorder. The Lunar Section staff has been increased by the addi­
tion oFMr. Michael Fomarucci, 136 Midland Avenue, Garfield, New Jersey 07026. 
His special project will be a study of the distribution of central peaks of lunar 
craters. He has already contacted for this purpose a number of indi,vidual 
observers as well as amateur organizations in Hungary and Hong Kong. He writes 
that comparatively small apertures appear to be adequate. Interested persons are 
invited to write to Mr. Fornarucci, who will describe the methods, goals, instru­
mentation, techniques, etc. for this research on central peaks. in a later issue. 

Availability of~ Proposed ALPO Constitution. During the 1973 Business 
Meeting of the ALPO a committee was formed, with Dr. John E. Westfall as Chairman, 
to draft a possible Constitution for the ALPO. Dr. Westfall and his helpers did 
so, and a number of copies were distributed to those persons present at our 
1974 Convention with the W.A.A. in Los Angeles on August 9, 10, and 11. How­
ever, no definitive action was taken. Interested persons are invited to write 
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is not just another magazine. It's the mag­
azine for serious amateurs 1 ike yourself 
for whom astronomy involves more than 
just owning a telescope. Our editors and 
writers assume you own good equipment 
(or plan to buy or build it); our aim is to 
help you get the most out of it. 

\lodrrrl Astronomy is as up-to-date as 
its name · implies -- with emphasis on 
practical material: Asteroid of the Month, 
Astrophotography, Telescope making col­
umns, plus such features as; Patrol equip­
ment, How to identify meteorites, Comet 
hunting, Schmidt photography for the ama­
teur astronomer, The Moons of Mars, Are 
there any Volcanos on Jupiter?, Is Seleno­
graphy dead?, Gegenschein Expedition, to 
say a few. There's lots more in .\lA, like 
pictures -- many in beautiful full color. 

;:;/ i5susbusec''fr:~n- :~b~c:?,;fi~npe~,rto;,to~~c:;i~h c/h~ 
followwg issue Money returned d you are not pleased 
w1th bonus issue 

M.A. Dept. B, 18 Fairhaven Dr. Buffalo, N.Y., 14225 

to John E. Westfall, 2775-39th Ave., San Fran­
cisco, Calif. 94116 for a copy of the proposed 
Constitution, which will be considered at the 
1975 Convention in the San Francisco area. 
There should be provided a return, stamped, 
self-addressed envelope. The proposed Consti­
tution fills 14 typed pages, and its weight 
is between two and three ounces. 

Appreciation to Mrs. Mary Horton. Since 
the middle 1960's the typing of the pages of 
this journal for the publisher and related 
tasks have been carried out by Mrs. Mary 
Horton of Las Cruces, New Mexico. She has 
recently felt obliged to give up doing so. The 
Editor would here like to express his belated 
appreciation to Mrs. Horton for her carefulness 
in typing technical work, her patience with 
his highly irregular working habits, and her 
unfailing and cheerful cooperation in every 
way. He is sorry to see the end of what has 
been a singularly pleasant business relation­
ship. In truth, our whole membership owe her 
a debt of gratitude. 

Sustaining Members and Sponsors. These 
are persons who willingly pay higher fees--$10 

per year for Sustaining Members and $25 per year for Sponsors--to promote the work of 
the ALPO. Their generous support has been invaluable. 

Sponsors--Grace A. Fox, Phi lip and Virginia Glaser, Or. John E. Westfall, Or. James 
Q. Gant, Jr., Ken Thomson, Reverend Kenneth J. Delano, Richard E. Hend, Alan McClure, 
Walter Scott Houston, Frederick H. Jaeger, Joan and Phillip Budine, T. R. Cave--Cave 
Optical Co., Harry Grimsley, and Dr. David D. Meisel. 

Sustaining Members--Sky Publishing Corporation, Charles F. Capen, Charles L. Ricker, 
Elmer J. Reese, Carl A. Anderson, Gordon D. Hall, Michael McCants, Ralph Scott, A. H. 

BOOKS ON ASTRONOMY Mount, Charles B. Owens, Joseph P. 
Vitous, John E. Hilder, Charles S. 

NEH: NORTON'S STAR-ATLAS, revised ed. $12.50 Morris, Richard J. Wessling, and others 

NEW: 
NEH: 
NEW: 
NEW: 

1973 
Patrick Moore's COLOR STAR ATLAS 
JUPITER, by I. Asimow 
COMETS, by R. Ash and I. Grant 
ASTRONOMICAL TELESCOPE AND OBSERVA-

$ 7.95 
$ 6.50 
$ 2.30 

TORIES FOR AMATEURS, by P. Moore $ 7.95 
THE PLANET SATURN, by A. F. O'D Alexander $14.75 
THE PLANET URANUS, by A. F. O'D Alexander $12.50 
NEW: MARS, by P. Moore and C. Cross $ 7.95 
PHYSICAL STUDIES OF MINOR PLANETS $ 3.00 
TABLES OF MINOR PLANETS, by Pilcher and 

Meeus 
CELESTIAL HANDBOOK, by R. Burnham, Jr. 

now available Parts 1-5 each 
MATHEMATICAL ASTRONOMY FOR AMATEURS, 

by E. A. Beet 
THE ATt~OSPHERES OF VENUS AND MARS, 

ed. by J.C. Brandt and M. B. McElroy 
AMATEUR TELESCOPE MAKING 

Book 1, $5.00; Book 2, $6.00; Book 3, 
YEARBOOK OF ASTRONOMY 1974, ed. by 

P, Moore 
SMITHSONIAN ASTROPHYSICAL OBSERVATORY 

STAR-ATLAS now only 
BONNER DURCHMUSTERUNG 

$ 3.75 

$ 3.95 

$ 7.95 

$ 4.50 

$ 7.00 

$ 6.50 

$14.50 
$230.00 

-Prices are subject to change without prior 
notice.-

Write for free list of astronomical literature. 

HERBERT A. LUFT 
P. 0. Box 91, Oakland Gardens, N.Y. -- 11364 
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whose names must be deferred to the 
next issue because of lack of space 
here. 

CAVE ASTROLA 
RE FLITiTNG'fiT'ESCO PES 

These excellent reflecting telescopes 
are very well known to all serious 
planetary and lunar observers. A very 
large number of the world's leading 
lunar and planetary astronomers are 
currently using complete Astrola re­
flecting telescopes or optical com­
ponent parts thereof. He sell Ortho­
star and other brands of orthoscopic 
oculars, Kellner and other fonns of 
oculars. 

We specialize in refiguring im­
perfect telescope mirrors of all 
sizes to the highest optical quality. 

He offer a comp 1 ete 1 i ne of New­
tonian, Cassegrainian, and Refracting 
telescopes from 6 inches to 24 inches 
in diameter. Used reflectors and re­
fractors are often in stock. 

HRITE FOR OUR CATALOGUE 
CAVE OPTICAL COMPANY 
4137 E. Anaheim St. 

Long Beach, California 90804 
Phone: Area Code (213) 434-2613 
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tion of drawings in future issues 
readers are requested to exagerate 
contrasts on drawings submitted. 
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tinct. It is not feasible to reproduce 
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