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ABSTRACT 

A collection of > 800 reports of lunar transient phenomena (LTP) etsntained 

771 positive and 112 negative observations with sufficient ancillary data. to be 

analyzed for five hypotheses of causes. Greater than one third of these reports 

involve Aristarchus, divided almost equally between two observing g;rsups, One 

homogeneous group involved one observer, Bartlett, and the other, heterogeneous 

group comprised all other observers. These two groups plus their ~=ombiaaation 

were each separately analyzed for each hypothesis for Aristarchus ., The obser- 

vations seemed to form four categories, viz. (1) gaseous, (2) reddislh, (3 )  bluish, 

and (4) colorless brightenings and were analyzed under each category for  each 

hypothesis and group, as well a s  the total Aristarchus and total of a.l.1 sites which 

were analyzed for each hypothesis. Each and all were compared. The five hy- 

potheses involved the effects of (1) tides, (2) sunrise, (3) low-angle i8lumiwtion, 

(4) earth's magnetic tail, and (5) solar particles. 

The analytical results for Aristarchus suggest the following: (1) ga.sesus 

phenomena of Bartlett differed in analytical behavior from those of all. others; 

(2) Bartlett's reddish phenomena differed from all others, being seen at times 

when gaseous phenomena were not present, suggesting he saw ground color in 

iii 



the absence of events of an obscuring medium. All othersr reddish phenomena 

were probably lunar events; (3) Bartlettls bluish phenomena correlated similarly 

to all others brightenings (and their bluish), suggesting that similar phenomena 

were observed by the two groups, but that Bartlett may be blue-sensitive, seeing 

color when others do not. Absence of reports of reddish, orange or pink phe- 

nomena by Bartlett (his reddish were browns, coppers and yellow-browns) imply 

lower sens:iltivity to red for him a s  well as greater blue sensitivity; (4) behavior 

of each separate site considered was capricious with few similarities between 

near neighk~ors . 

For all sites the following a re  deduced from the analyses: (1) Nearly all cate- 

gories, in&,vidual sites, and the totality of observations correlated most strongly 

with sunrise. Selection effects probably do not account for all of this correlation, 

implying that sunrise conditions a r e  favorable to the observation of phenomena; 

(2) High co~rrelation was also found for magnetic tail effects; (3) Tidal effects 

correlated ~tlrnost exclusively with perigee only, being less than expected for 

apogee, but even perigee correlations declined with increased numbers of obser- 

vations, re:julting in only a slight excess over expected percentages even at 

perigee, The correlation is somewhat stronger a t  times of greater orbital ec- 

centricity than at the lesser eccentricities; (4) A tidal correlation though, is 

weakened by the similar correlation (instead of the expected opposite) of the 

Absent phel~omena, and the progression around the lunar anomalistic orbit of 

dates of the Onset of phenomena; (5) The correlation for direct solar bombard- 

ment frown solar flares is weak but appears to be enhanced if the moon is within 

the earth's magnetic tail at the time of arrival of the energetic flare particles in 

the emth-moon vicinity. The correlation comes with the magnetopause rather 



than the bow-shock front turbulence; (6) Some of the brightenings phenomena 

may have explanations in atmospheric and instrumental effects, but Inany 

puzzling aspects remain; (7) Comparisons of the distribution of LTP sites with 

those of dark, flat-floored craters and the author's proposed lunar rirrg dike 

features-all generally found near the mare peripheries-imply internal activity 

as the source for most of the LTP-even more strongly when the distributions 

of other volcanic features, such a s  the lunar domes, sinuous rills and dmk- 

haloed craters a r e  compared with the LTP distribution. All have st~;lrow affid- 

ties to the edges of the maria; (8) LTP a re  found at  all ages of lunatitiom, having 

been seen at age od to age 28d, with > 50% observed within four days of full 

moon. Therefore, if  observers confine their observations to times me= perigee 

only, three fourths of the phenomena will be missed. It is urged thad; observers 

continue to observe the moon at  all phases. 



COMPARATIVE ANALYSES OF OBSERVATIONS 

OF LUNAR TRANSIENT PHENOMENA 

I. INTRODUCTION 

Lunar transient phenomena (LTP) have been reported by lunar obse~cvers for 

the past 400 years, antedating the invention of the telescope. Di l ige~~t  search of 

the literature, still incomplete, has revealed that these sightings were more 

frequent than previously realized. Until relatively recently they haci been gen- 

erally dismissed as  due to spurious telescopic, atmospheric, or ligk.king effects, 

LTP were not taken seriously until Kozyrev (1959) announced his spectral obser- 

vations of an event in Alphonsus in 1958. Increased interest came with the ob- 

servations of two cartographers, Greenaere and Barr  (1963), of the Aeronautical 

Chart and Information Center (ACIC) , who observed three separate ~:ed&s%ra (later 

followed by violet) glows in and around Aristarchus and Sehriitervs 'Valley ximu'b- 

taneously. Similar phenomena were observed by them and confirmed by others 

at the next lunation at the same phase (near sunrise) on Aristarchus , which is 

at IAU selenogn-aphicd coordinates 47"W, 23"N. Photographs taken at this ap- 

parition did not reveal the phenomena, probably because of the insemsikivity of 

the film to the red end of the spectrum. Kozyrev (1962, 1963) had ok~kained 

spectra from Alphonsus again in 1959 and then from Aristarchus in 1961. 

The author became interested in these phenomena after Kozyrevqs lalphsrasus 

observations and began collecting various reports resulting in  nearly 900 obser- 

vations garnered from the literature and private communications from groups 

and individuals. (A catalog of these reports is in preparation.) Various hmothe- 

s e s  for the causes of the phenomena have been proposed and the obs~~rvations 



have been analyzed with respect to five potentially basic causes, some of which 

have variations. The analyses here follow and expand upon similar investigations 

by the author (Cameron and Gilheany, 1967; Cameron, 1967). Other papers have 

dealt mainly with a single possible cause (see Burley and Middlehurst , 1966; 

Blizard, 196'7a, 1967b; Chapman, 1967; and Sidran, 1968). 

II, DIVISION OF DATA AND HYPOTHESES CONSIDERED 

The data in the present paper have been divided into a number of different 

categories. Of the approximately 900 reports, 770 had sufficient information 

with aneilla_.ry data to be analyzed in regard to most of the hypotheses. For 

others there were fewer ancillary data. Of the 770 observations of all sites of 

lunar pheno:il?ena, about 270 positive reports concerned the crater Aristarchus 

and its envijrons. Such a large number of observations of a single si te provided 

a basis for significant analyses. These observations of Aristarchus alone could 

then be compared with those for other individual sites and with those for all sites 

combined. 'ln addition there were some valuable negative data, e.g., instances 

when phenolnena were looked for but found to be absent, with which the positive 

phenomena could be compared. 

The Aristar ehus observations were considered first. I t  was  found that the ob- 

servations were divided almost equally between two groups of observers. One 

group involved those of one observer, Bartlett, who published his reports of 

107 observations of bluish phenomena, which he called the "violet glaren 

(Bartlett, 1967), but which had certain variations. Included in his report (com- 

prising 1/3 of his observations) were the 51 negative observations (see Table VII  

here), His observations made up a body of relatively homogeneous data of a 



single area by a single observer with the same equipment, observing eon&tions, 

and techniques that could be compared to those of a heterogeneous group of many 

observers with diverse equipment, conditions, and techniques. Amoreg the latter 

there were no negative reports until very recently, and these were irseorpcsrated 

when possible. Additional observations and information were kindly supplied by 

Bartlett for these analyses. This includes observing period instead of mean of 

interval a s  he published. Features he included a re  Plateau m, area north sf 

crater designated V A , east wall brightspot (E WBS) , and southwall brightspot 

(SWBS) . The Aristarchus observations thus were divided into three groups : 

Bartlett (B), "all othersTt (A.O.), and both combined (6). There were about a 

half-dozen cases of coincident observations between the two groups, which were 

counted as only one in each instance in the combined group. 

Scrutiny of the observations revealed that the phenomena differed and seemed to 

fall mainly into four categories. Many of the descriptions, e.g., mists, obscura- 

tions, shadow anomalies, etc., suggested that a gaseous or gas-and-ciusast medium 

was involved. These were analyzed under the category designated Gaseous. 

Other observations were of phenomena whose color ranged from yell-ows through 

oranges, browns or coppers, to red and were considered under the c~ategsry 

designated Reddish. Still others were reported as  colored phenomeraa ran@% 

from greenish to bluish to violet and these were categorized as Blui:;h. Finally, 

many were reported as bright points or brightening~ with no color mentioned, 

and were treated under the category of Brightenings. If a report mentioned more 

than one category it was analyzed under each category but as  only one in the total 

group of All Aristarchus observations. The absent phenomena were treated 

separately for comparison (Absent). It was also noted that many observations 



were sequeiltial or  in the same lunation and the initial observation might be 

considered the onset of activity: these initial dates were analyzed separately 

and called Onset. 

The three groups, B,  A.O., and C, and the six categories, Gaseous, Reddish, 

Bluish, Brightenings, Absent, and Onset, were analyzed with respect to the five 

following h~potheses: (1) Tidal, (2) Sunrise, (3) Low-angle illumination, 

94) EmGh% ~magnetie tail, and (5) Solar, effects. J. Green (1963), from the study 

of the var@ng levels of terrestrial water and oil in wells, found a relationship 

between height levels and the tides. He found that the levels were highest at low 

tide. By analogy for the moon, lunar events should occur at eccentric apogees 

and few or none at more circular perigees. He found some support for his hy- 

pothesis at that time from the small number of observations (25) that he had 

available for analysis. His hypothesis involves the eccentricity (shape) a s  well 

as the period of the orbit. The Burley-Middlehurst (1966) analysis only con- 

sidered the period. 

Sumise effects could arise from (a) ultraviolet radiation excitation of gases that 

escaped during the lunar night, or of ground materials, (b) thermoluminescenee 

of gases or pound materials (Blizard, 1967b; Sidran, 1968), or  (c) low-angle 

illumination which might render any existing medium more visible than at high 

sun angles. Low-angle illumination effects would obtain a t  sunset conditions for 

reiievlaslt feajxres a s  well as at sunrise. 

The m a ~ e t i e  tail effect could occur from at  least two possible mechanisms. 

One was suggested by Speiser (1965), who was able to explain terrestrial aurorae 

by the action of the neutral sheet and magnetic lines of force of the earth's 



magnetic tail which accelerate the solar particles and send them spiraling down 

these lines to localized areas near the earth. He suggests that the pat ieles  may 

also be accelerated in the opposite direction, thus onto local areas on the moon 

when it is within the tail. The energies of the particles would be increased by 

these accelerations, perhaps sufficiently to account for the energies observed in  

the lunar phenomena, The lunar phenomena exhibit energies comparable with that 

of direct sunlight. The strongest correlation would be expected within the mag- 

netopause (MP) whose boundaries are  encountered by the moon appro~mate ly  

two days before and after full moon and therefore the observations should 

correlate with full moon. 

A,  G. W. Cameron (1964) suggested that the turbulence at the bow-shock front 

(BSF) of the tail might increase the energies of the particles, and i.E the moon 

were in the vicinity of the BSF at  that time, the particles might have sdfiieient 

energies to excite or  activate luminescence of surface materials om: gases* The 

moon enters and exits the BSF about 4.5 days before and after full rizoon respee- 

tively. The turbulence may be considered to be effective up to one (lay inward 

from the front. The correlation of the observations would be expected $s, come 

at  h3.5 to 4.5 days from full moon. 

Luminescent excitation from solar flare particles was suggested by Kopal and 

Rackham (1964) when they found a reasonable coincidence with their observations 

of LTP and solar flares and possible solar relationships with some historic LTP, 

As in the past (Cameron and Gilheany, 1967), in the present paper thle K index was 
P 

chosen as  a good indicator of the energy and time of arrival in the ewlh-moon 

vicinity of solar particles (Matsushima, 1967, analyzed LTP with respect to this 



qumtity also). More importantly, the onset or sudden commencement (sc) , 

progress sf a magnetic storm (ms) or aurora (when noted) a r e  indicators of the 

presence of energetic particles. These K, and magnetic storm data a r e  to be 

found in B~lrtels (1962) from 1932-1961; and in articles by J. V . Lincoln in the 

Journal of Geophysical Research through 1968, and since 1968, in the Solar Geo- 

physical Data which is issued by ESSA Research Laboratory in its monthly 

series IER--5%. 

Table I eolrtains all the readily available data for analyzing the observations 

with respect to the hypotheses considered here, with additional information for 

other poss:ilble analyses. Column (1) gives a running serial number; (2), the 

Gregorim date; (3), the time of or  time interval of observation in Greenwich 

Time (GT) when available. Times followed by a question mark a re  guesses by 

the author based on considerations of the location of the observer, time of sunset, 

moonrise, sunrise, and moonset, and professional or non-professional status of 

the observ~er. In the analyses these time guesses were used and a r e  followed by 

a colon as being uncertain. These times a r e  not likely to be in error  by more 

than a qua:ter of a day 2 . O 1  in 4) except possibly for those observations near 

mihighl.  Column (4) gives a brief description of the phenomena. Parentheses 

in&cate the present author's remarks. Column (5) gives the code for the 

categorygs) under which the observation was analyzed: G = gaseous, R = reddish, 

V = bluish (violet), Br = brightening. Those in parentheses were not used in the 

statistics, Column (6) gives the duration of the phenomena in days (d), hours (h), 

minutes @I) or  seconds (s); (7), the moon's age in days; (8), the sun's colongitude 

(the selenojpaphic longitude of the rising terminator which progresses westward 

starting at the moon's center of face = 0"). Column (9) gives the distance of 



the sunrise [R]  (before full moon) or sunset [S] (after full moon) terminator 

from Aristarchus; (10) gives the dates and times (hour) of perigee (]Per,) sur- 

rounding the LTP date and the intermediate apogee (Apo.) using abb3:eviations 

for the months. Column (11) gives the values of the horizontal paral1.a for the 

dates in Column 10 and also that of the event date and time (Event), using the ap.- 

proximate mean of the observing interval. Column (12) gives the calculated 

anomalistic period phase (4) in which the upper figure (7~) was caleu.l.ated from 

the approximate horizontal parallax formulas for the true anomaly, 

=a 7 T ~  7T ' - 'CT " 
COSE = 

1 1  
, V0 = E 0 + S 0 . 8 9  s i n E ,  4 - 360"' 

where E is the eccentric anomaly; 7~,, the horizontal parallax at apogee; , the 
P 

horizontal parallax at perigee; T ,  the horizontal parallax for LTP mean date and 

time; V ,  the true anomaly; and +,, the phase in regard to the true mssmalistic 

period. The lower figure (d) in Column (12) is the phase calculated by the simple 

relation, 

where 4,  = anomalistic phase in days, D = date of observation, P ,  == date of 

perigee preceding LTP date and P2  = date of perigee following LTP date, The 

latter calculation is less accurate as it assumes that the lunar orbit is circular, 

when in fact, i t  has an average eccentricity of about 0.06. The two q~amtities 4, 

and 4, should not differ by more than - 0 .I and usually much less ant i  therefore 

they serve as  checks for each other. In the analyses 4, was always used when 
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Table I (Continued) 

(1) 

NO. 

(10) (2) 

Date 

(11) 

Lr .  Par. 

(3) 

nm 

(12) 

@ 

(4) 

Duetiplion 

(13) 

F.M. 

( 9  

Cal. 

(6) 

Dur. 

(21) 

Uo. 

(10 

S.A. 

(7) 

Age 

(19 

Obs 

(8) 

Col. 

(lo 

Lor 

(9) 

T.D. 

(17) 

I n d  

(10 

See. 

(19) 

So, 

(20) 
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Table I (Cont inued)  

M300457 Blve-violet glse EWBS; nlmbus dah violet; 
pale vralet on m. 

OW0606 Nlmbus only. dah violet. S. reglon granu 
l e d  and ve iydul i  6 ,  y e I b 4 r m .  faint IR [ 
tinge. Crater 8'bright. 

0517-0518 . Pale blue tint, N.E.. N., N.W. walls and 
flwr. 

213 lfflgth N. of rim of EWES craterlet. 

(04500500 IBrlght blueviolet. EWES E., N.E. rims; IV,R 
niirbus dah violet; S. redon almost as 

19m 1x4  1900 1900 

(1) 

No. 

bright as rest of craler, 8"; yellowbrown 
and granulated. 
Red and blue bands. R,V %5 
Btueualet glare, EWBS, E., 1I.E. rim% V 
nimbus dah violel. (Indep. anfirm?) 
Blueviolet glare, EWBS, E., N.E. walls; V Isrn 
nimbus dark violet; pale violet on m. 
Faint blueviolet radiance (gas?) EWBS. V,G, 20m 
nimbus dark violet. S. region dull. 6', R 
granulated distinct yeltowbmrm, rest of 
crater 8' bright. 
Craterlet at base of N.W. wall bluish; thick V 8'' 
cirrenebula clouis. Nothing unusual sew 3% 
at Table Ut. 055&-091P and on 1%. 

(21) 

No. 

(19) 

So. 

Several red spots in  area lmm Aris. to R > 35m 
Hercd. No change when obs. stopped. 
Bnght blueviolet glare. EWBS, W.E. rim; V,R Y" 
nimbus dah violet; S. region a', red of 
crater 7', rdbronn changed to w r y  
to yellowbrow. 
Blueviolet glare, EWBS, N.W., E.. 1I.E. V 2U" 
and N. walls. 
Crater 8 "  bright. S. regronduller, 7' and R 2(r" 
pale yellow.bmrm. 
Bluev~olet glare, EWBS; nimbus dark V ZP 

(20) 

Ap. Ref. 

(15) 

Ws. 

violet. 
Ihderately Intense (violet glare?). EWBS; 
nrwbus daik violet. 
Blue glare on E. part of f lwr. 

(16) 

Loc. 

(11) 

Inst. 

(2) 

Date 

Blueviolet glare, EYISS, E.. 1I.E. walls; 
n~irPlus datk violet. 
S. regiongranuiated, 6' brlght, pale yellow. 
rest o: c ia is  6" biighi. 

nimbus dah violet. 
Blue-violet glare, EWBS, E., 1i.E. rlms, 

Blueviolet glare, EIBS, E., l1.E. walls, 
nirhus faint vroiei tinge. (Colt. lo iime !n 
his ph. dlta.) 
Nimbus only, dafn violel. 

(18) 

See. 

(3) 

Time 

1 8 b u o i e t  a ,  i . . ,  I , ,  i . .  / Y  
1lP 1lrnS. 

0 23 .7I 
17 12 59 34.5 54 12 56 31 .67 

son .73 
17 12 59 34.5 54 12 57 04 .71 

(13) 

F.M. 

(4) 

Description 

(1,l.S. B h )  Bartlell 
l+, H 
(M.S.) Bartlett 
5-. 221 

(M.S. B h )  Bartlelt 
3-, 16- 
&, 101 Bartlett 

I+. B Battlelt 

3,. 15, Barttett 

3+, 18- Grenatt, Feid 
BarUett 

3-. 16, Bartlelt 

2-, 5 Baillett 

2-, 11- Batlet1 
C w n ,  et al. 

I+, 3, Cmwe, Cross 

8-. 23, BaRett 

4-, 15- Bartlett 

3+, 17- Battleit 

3-, Bartlett 

2, 7, Battleit 

5-. 31- Barllett 

2-. 7, Bartlett 

D., 1, Barllen 

in 

h e  

(14) 

S.A. 

- 
BaIt~more,U. 4L, 240X 

Balt~more. W. 4L, 240X 

Baltrmore,Md. IL ,  240X 

Battimore,lM. 4L, 240X 

Baltimore, U. I L .  240X 

Ballimore,Md. JL, 240X 

, Greenbelt, Ud. I&, 3B)X 
Balt~mare,Md. 3L. 24lX 

Ballimore,Md. 4L, 240X 

Baltimore, W. I L ,  240X 

Baltimore,Md., 4L. 240X 
Table I&., Cal. la 

Whlttrer. Cat. 19L, 390X 

Bat$mote,hW. 4L. 240X 

Balt~more,Md. 4L. 240X 

Bathmore, Md. 4L. 24OX 

Baltimore,hW. 4L, 24OX 

Baltrmoie,Md. 4L. 240X 

Baltimore,Md. 4L. 240X 

Balttmoie.Md. 4L. 240X 

Baltimoie,M. 3R, 20oX 

(5) 

cat. 

T = 3  , B 
s = 7  
T=3 .2  
S = 6  

T = 3  
s = 4  
T - 3  , B 
S z 4 - 3  

T ' 5  
S = 7  
T = 4 - 0  , B 
S = 1 -3  

P-G MBOC, 
T ' 3  
S '3-4 
T ' 3  
S = 4-3 
T Z 3  
S = 5-4 

T = 2  
S=5 -6 ,  
T = R  
S = l =  

G? 
F -  G AADC 

T = 5  . B  
s = 5  

T '5  
S = 6  
T ' 5  , B 
S = 6  
T = 5  
S -5 .1  
T = 5  
s - 5  
T = 3  . B 
S = 4  
T = 2.5 
T = 4  S - 4  

, B 
S - 3 - 5  1 

(8) 

bl. 

( 6 )  

our. 

56. P.C. 199 

56 200 

56 201 

56, P.C. 202 

56 203 

56. P.C. 204 

, P.C., 205 
56 

56 206 

56 207 

56, 208 
94 

P.C., 75 209 

56, 210 
P.C. 

56 211 

56. 212 
P.C. 
56 213 

56 214 

ALP0 215 
hleei. 

56 216 

56, 217 
P.C. 

(9) 

T.D. 

(10) 

A"0m. OateA 

(11) 

Hot. Par. 

(12) 

9 



7 11/23~61 03260335 

223 11/24/64 04410455 

a 4  l D ' l 9 i b i  03150314 

225 5/15/65 01M0215 

226 7/ 2/65 0420-0550 

227 7/ 3/65 04210534 

228 7/ 4/65 03550559 

229 8/ 1/65 0500 

230 8/ 2/65 0357-0358 

231 8/ 3/65 04180424 

232 8/ 4/65 0402-0404 

233 812V65 06510805 

234 9/ 9/65 U.T.? 
13M 

235 9/10/8 O W 0 4 3 8  

236 9/11/65 08050815 

237 10/10/65 DM)00607 

238 10/11/65 0131OMO 

239 1W12/65 02150225 

240 10/13/65 0250.0315 

241 10/18/65 07300736 

242 10/30/65 OM0 

243 1 V  6/65 0320-0350, 
0550 

244 1 V 1 0 / 8  01250157. 
050aO530 

n~mbus dam aolet. 
Bluewolet glare, N. rim, nirbos dah 
VIOIPI: VA ?lie ~ 8 0 1 ~ 1  
Brighieflea 5x during ioiaiily. (gas?) BR,G 1" 
(Indep. conl~m.) I I 
I hbon Blink detection. Pulsation of image. R?,G 35m 
(gas?) Photos don't show went. I I 
Star.like flashes to patchy blotches, 4th BR 80m 
mag. (Indep. confirm.) 
Stavlike flashes, pulsating, 4th mag. BR,G 70"' 
(pas?) 

Star-like flashes. (Indep. mnlirm.) BR > 2h 

Star.like flashes. BR 

Star-like flashes. BR Im 

Star-like flashes. (lndep. mnLrm.) BR 6" 

Star-like flashes. BR TO 

kbon Blink detection - PI& color. R 70m 

Orangered strip on floor. R 

S. region granulated, 7", ve!y faint brown R 30" 
tinge, rest ol crater 8- blight. 
Red glovvs, continued to be I m ~ m u s .  R,BR 16 
Photos dldn't show it. Haze stowed obs. 
Pale violet radiame in  all of W. interior V,G > 5m 
and interior E. wall. (gas?) tllmbus dark 
violet, pale violet on m. 
!(hole crater except S. region, pale violet, V,R 
violet all around wall except W. Yellow 
tinge on S. flwr; nilibus dark violet; 
plateau m. pale violet; nhole crater very 
bright. go, S. region Em, pale yelloui-brown. 
l i i ibus only, dark violet. V 10" 

Pale blueviolet tint, EWES, all E. wall; G,V 25"' 
pale violet radiance in  crater except S. 
alea (gas?). Iilnbus dark vlolet. 
Naon Blink detection, intermittent. (gas?) R,G 8" 
Observers dubious. 
Brightening in ashen light. Photos show it. BR min.? 

Mrong blueviolet glare, E.. N.E. walls; V min.? 
nllibus dark violet. Absent al03200350. 
(Date corrected f r w  pub. data.) 
V~olet tlngeonnlmbus; in red filter.Alis.A V > 4h 
becane larger. Violet tinge at 05(0.0530 
alsa. 

A 25 19 I::: : 

.93 D 19 03 3+, 17- 

.99 

.32 !My 15 12 &, 81- 

.36 

.I2 Jy 13 17 L, 12- 

.08 

. I2  Jy 13 17 2+, 11, 

. I 1  

. I9  Jy 13 17 It, M 

.I5 

. I 0  A 12 oa 3-, 3- 

.14 

.22 A 12 08 3 t ,  1% 

.I7 

.26 A 12 MI 2 t ,  14- 

.20 

.30 A 12 I3 3-, 1 3 t  
2 4  
.79 A 12 oa (A) 
.84 4,, 18, 
.56 S 10 23.5 1,. 5- 
.52 
.58 S 10 23.5 I,, 5, 
.55 
.62 S 10 23.5 2-, 7 1  
.62 
.67 0 10 14 1t. 51- 
.63 

59 32.5 .40 
5 9 2 0  5 4 1 4  5 4 4 8  
59 32.5 I:: 

Baillet1 

Banlelt I- BLdlne, 

Fariell, 
HIII, el al. 
Johnson, 
McCtench, 
Weres tuk 
Albeit, Welch, 
Emanuel 
Albert, Welch, 
Emmuel 

Gndley. 
Welch, Albert, 
Emmuel 
Vlelch 

Bomhursl 

Bomhursl, 
Leasure, 
Emanlel 
Bomhurst 

Johnson, 
Gilheany 
Pressan 

Bartlett 

Cross, Razor 

Biiiilett 

Bartiett 

Bartlett 

Bartlett 

George, 
Dewage 
Eastman 

Bartlett 

Bartiett 

Blnghamion, IR, IZOX 
N.Y. 12R? 

Balt~more. Wd. 
PI. Tlacco. 16L. 240X 

Md. I b n  Blink 

Azusa, EL. 315X 
W.Covina.Cal. 4.5L 
Azusa, EL, 375X 
W.Covina, Cal. 8 L  

4.5L 
Amsa, 4.5L 
W.Covina,Cal. 8 L  

BL, 375): 
Table MI.. Cal. 6 L  

Monlerey Pk., 10L. 240X 
Cal. 

Uonterey Pk., IOL, 240X 
Cal. 19L 

Whittter, Cal. 
Ihnterey Pk.. IOL, 240X 

Cat. 
Pt. Tcbrco, 1SL 

Ud. 
Cal.? 

Balt~more,l~ld. 5L, 160X 

Palos Veides, 22L, 132X 
Cal. 

Baltimore, W. 3R, 3WX 

Baltimote,hM. 4L, 2KJX 

Baltimore,tfd. 5L, 2KJX 

Baltimore,M. 4L. 280X 

Huntsville, 20L, 125X 
Ala. 

Palos Verdes, 12L 
Cal. 

Baltimore,U. 3R, 3ElX 

Baltimore,lJd. 4L 

s = 4  TTr 
T =  S = 7  5 ALP0 

(W) 

T'G MBDC 
S X F  

AADC 

AADC 

A ADC 

E AADC 

S = 5/10 AADC 

F -  G AADC 

F -  G AADC 

E MBOC 

MBIM 

T - 3  B 
S = 4 
F -  P MBDC 

T - 5  
s = 4  

T = 5  
s = 3  

T = 3 - 2  
S ' 5 - 3  
T ' 5  
S = 4 - 3  

G MBDC 

AADC 

T = 5  . B 
S = 6  

T =  5 ALP0 
S = 6 (W) 

73, 75 224 ' 

75 225 

76, 75 226 

76,75 227 

76, 75 228 

76, 75 229 

76,75 230 

76,75 231 

76, 75 232 

75 233 

84 234 

P.C. 235 

75 236 

56 237 

56 238 

56 239 

56 240 

75 241 

76, 75 242 

56. P.C. 243 

P.C. 244 
75 



I-' 
CO 

T a b l e  I (Cont inued)  

(1) (2) (3) (4) (5) (6) ( r )  (8) 

No. Date Time Descriptbon Cat. Dur. Age Col. 

I h n  Blbnk detection; Confination netv;ork R > C 
alerted - 2 partial confirm.; 4 neg. Photos 
don't show event. Radbo A records 
don't shaa anything unusual. 
Brightening in  ashen Ilght. Photos show it. BR W 
Harris, et al.. sag f lasks on S.E. (IAU?) 
nm. 
Brightening in ashen light. BR 

Nimbus only, intense d a l  violet hue. V 2 F  

Central peak very bright and a clear silvery BR W 
glistening effect. 
C.P. very bright with a clear silvery BR W 
glistening effect. 
Naoo Blink detection and visual obs. of a R.BR > Ih 
very bright spot and red spots. (Indep. 
confirm.) Rbngsdore did rmt see it. 
All sunlit area of flour, bluish. V W 

Brownisbyellow edge on S. rim. Pother R 30m 
obs. savi oothing unusual. (These obs. in 
response to plea for obs. of many features 
for 2 weeks period to test Green's hypothe- 
81s. Only 1 p s .  eveot reported; all others 
were neg. for the 2 weeks.) 
Deep blue color on ti. nail; S. part of crater V.R hs? 
brounish. At 060a06M violet hue i n  nim 
bus only. (tlot on above ale& indep. 
confirm.) 
S. region of f lwr  granulated, dull 6', pale R 20m 
yellowbrown tint; rest of crater 8" bright. 
Spot on S. wall visible only in  red filter, 9- R 
bright. Ricker was uncertain about obs. . 
Red color on S. rim, then later on A. rim , R,G Zh 
and near Herod. aod fork of Sch. Valley. 
Variations. (gas?) 
I h n  Blink detection (red?) color on S. R? 3"' 
wall. Confirmed on anotbr mwn blink 
instm., telephone link. (Indep. confirm.?) 
S. regiongranulated 6" bright, faint yellovb R 16 
brown tint, rest of crater ED, white. 
Distinct brownish tone in S. region. R 15'" 

N.E. (IAU!) wall at rim definite violet hue, V 45m 
effect not sem on 2 following nights. 
C.P. noticeably less brbght in  blue filter G,R B7 
but very bright i n  red filter and m e .  (gas?) or 
S h a h  of c.p. faint gray ivhereasviall ) J? 

' shadow was normal black. (liidep. confirm.7) 
a. ieglon granulated b' bright, iigiri bronn H ib' 
tone, rest of crater 8' briglit. 
S. r e  g a t ,  6 d t l y  e l o  1: bronn, rest of crater 8" brlght. 

i ~i izoicionoi ioioi on S.E. (IAUV viaii by 39 
lbrsh, Fairant definitely s,a+! color a! 
1882-393. (Sattoq and lboie had a moon 
tilink on Cobra Hsad. lodep Cco?lim.) 

(9) (10) (11) (12) (13) (14) (15) (17) (18) (19) (20) (21) 

T.D. , DateA Hot. Par. + F.M. S.A. Obs. Inst. See. So. Ap. Ref. No. 

2-, 5- 

2-, 8- 

3,, 19- 

2-, 9t 

5-. 17- 

f, 14- 

3t. 16- 

9, 14, 

3t, 17t 

3t, 13- 

4 t ,  19, 

3., 100 

3-, 11- 

3,, 12- 

4-, 18- 

(S.C.) 
7t, 45t 
4-, n- 

3-, 13- 

F, 1s 

3'. 33 

3-, 8+ 



Very bright, seeing veiy good t i l l  21M. BR 
ilothing unusual on iLlh ard 17th. 
0" eexteiioi wali of hi's.. Herod. and 3 ols. I R.G 

1 ip fobfa H??d VPIP g iw ing id Falrmi / 
couldn't b r~ng hi l l  ti. o i  Herod. into iocus, 

' 
Deep red-orange steady for 3". Also seen 
an 22nd and maybe 23rd by Dainell. (gas?) 
(Indep. conlrm.) 
Crater so brlght could be seen wlth naked BR 
eye! (Indep. conflnn.?) 
Red spots on S. rlm. Wmn war low. R 

Red brown coloratt.685,7).3%, glad R,G 
strongest and largest at 06%3. Shrank and 
faded, brightened, faded out. At low alti- 
tude. has?) 
R,n lo c ~ ~ t e i l e l  art l o  m,rl daln bald 
a\-osl ar olldnt as C.P. In ld l llel bl1  
rJcn l l r l l r l  In u1.e R w  cclol In clalcllei 
became less mticeable at 0212 then flared 
again. (gas?) 
Ravine on E. glacis invisible for i t s  full 
length, though normally sharp black llne at 
this time. E. wall craterlet alsa invisible. 
He thinks both were obscured. (gas?) 
Red color on N. and E. of crater and on E. 
rim of Cobra Head. Later confirmed by 
Tnmbaugh 
Moon blink detection, red m l o i  E. side a1 
crater, intermittent. Violet on W. side. 
(gar? or chrom. or a h .  &err.? not incl. m 
statistics.) (Obs. selection biased to 

I per.-apo.) 
Unusual amarance of E4.E. (IAU?) inner 
wall, veiy pale blue, opposite wall pale 
red. No o t b i  crater showed this which 
lasted only 10 min. but survived a change 
of eyepiece. l h o n  was high, seeing V.G. 
Violet color on limb (Aris. and Hemd. met  
tionad); intermittent; not seen next night 01 
21st. (gas? or chiom. and atm. aberr.?) 
(Elol used i n  statistics.) 

I used i n  statistics). 
I . h n  Qllni a4 ~ I s . r l  MS. ol b~ lgnt  aleas 
on C.P. a a  2 nl re spots neal Ii. na,l :n( 

S. crest. 
Unusual appearance of t1.E. (IAU?) inner 
wall, very pale blue, opposite wall very 
pale red. No other crater showed this. 
S~milar to obs. of 12/16/67. 
Abaut )i doz. star-like pts. during eclip*, 
1st seen at about Mm before tolality ends 
One was Aris. -not seen eariier. Seen in 
6"R and 12"L but not 36"L a1 4WX. Glit- 
tered bui m pulsation or dance. P o i d  
minute compared to feature. 

G < 5m 

R min.? 

(R,G, min.? 
V) 

V,R 10m 

(V.G) > 35' 

(V) his.? 

R,BR 34m 

V.R 10m 

BR 45'" 

(S.C. 23d) Classen 
5. 2 5 t  
2+, 11 t  Darnell 

(A) Anderson 
I-, 34t 
(S.C. a h )  

(S.C. 19th) Delano 
2. 12- 

4, 13 Bartlett 

4-. 17- Cmss, 
Tonbaugh 

2-. 10- P. Jean 

(S.C. 18th) Farraid 
3, 16t 

(S.C.) Coallick 
4, 2 6 t  

(S.C. 21th) P. Jean? 
4-, 

5, 29 Olivarez 
Mayley, 
Etheridge 

3, 18 t  Farrant 

5, 28+ W. Cameron. 
V. Lacw 

- 
84 

80 

84 

86 

P.C. 

81  

P.C. 

82 

82 

93 

82 

P.C. 

P .C 

93 





available. Ccilons indicate uncertainty (usually in the time of observation) but 

were used in the statistics. Column (13) gives the date of full moon nearest to 

that of the ETP date. Column (14) gives the solar activity including the highest 

K, index for ::hat date, (KPmax) the sum of the K, 's (CK,) for that day, and the 

occurrence of a sudden commencement (sc), a magnetic storm (ms) or  an 

aurora (A), i% known to the author. Column (15) gives the name@) of the ob- 

s e r v e r ( ~ ) .  Column (16) gives the location of the observer(s), where the upper 

name is the city and the lower is the country (or state). Column (17) gives the 

telescope aperture in inches, the type (L = reflector, R = refractor), and the 

highest power used on the telescope in the observation. Column (18) gives the 

seeing (S) , usually on a scale of 10 where 10 is best, or E = excellent, VG = very 

good, G = ~ o o C B ,  F = fair and P = poor; and transparency (T) indicates the 

faintest star magnitude that can be seen with the naked eye on a scale of 1-5. 

Cohmn (19) gives the information source of the observation in appreciation of 

all those who have generously reported and contributed them. No letter = the 

author, garnered from the literature, NIB = Middlehurst-Burley catalog (1966), 

P = W, Pala, F = C. Fort, ALP0 (Association of Lunar and Planetary Ob- 

servers), whose lunar recorders were J. Westfall (W) and 6. Ricker (R), 

Ri = P, Ringsdore, B = J. Bartlett, H = W. Haas, D = F. Dachille, S = E. 

Shoemaker, I?/TBDC = reports to Moonblink data center, AADC = Argus/Astro- 

net data center through W. Calkins, CR = E . Cross, Fi = V. Firsoff, M = B. 

Middlehursl k~imonthly letter, MBMW = Middlehurst , Bur ley, Moore, Welther 

catalog (1968), SI = Smithsonian Institution Center for Short-lived Phenomena, 

and GR = J, Greenacre. Column (20) gives an appendix number reference. The 

appen&x gives a more original reference. Column (21) repeats Column (1). 



111. DISCUSSION AND INTERPRETATIONS 

The observations will be discussed from Figures 1 and 2 separately under each. 

category. Figure 1 presents the data in histograms. The key to the various 

graphs is given and the numbers in parentheses a re  the numbers of observations 

for each group and category as indicated. The numbers on the left side pertain 

to the anomalistic period data and those on the right pertain to the Age data, On 

the left panels the letters (P) and (A) indicate perigee and apogee rcespeetiweBy in 

the anomalistic period phase and a re  emphasized by the vertical lines &awn 

through them since these a re  the critical quantities for correlations, The first 

two tenths of a period are  repeated, as  is customary in light curves, for emmple. 

The right-hand panels present the data with respect to the moon's age and e m  be 

scrutinized for correlations with the sunrise, low-angle illuminatiori, and mag-- 

netic tail hypotheses. On these right-hand panels, the following references m e  

noted: the average age at which N.M. = new moon, F.Q. = first quaxter, 

S.R. = sunrise on Aristarchus, BSF = bow-shock front boundaries, MI? = mag- 

netopause boundaries, F.M. = full moon, L.Q. = last quarter, and $3, = sunset 

on Aristarchus occur and a re  emphasized by vertical lines. The actual ages can 

shift by a s  much as  k1.5 days, depending on the varying eccentricitj~ which changes 

the amount of acceleration and librations of the moon. 

Figure 1 is difficult to read so the data have been smoothed in aceoledance with 

the relation 
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Phase of Anomal~sts Per~od (@) MOON'S AGE (days) 

Figure 1. Histograms of Lunar Transient Phenomena (LTP) for each category and group discussed 
in  the text. The left side panels give the data with respect to the phase (+) of the 
lunar anornal ist ic orbit (perigee to  perigee) where (P) designates perigee and (A) desig- 
nates apogee. The right side presents the data with respect to lunar age ( in days) 
where the average approximate boundaries for the hypotheses of (1) sunrise (S.R.) and/ 
or low-angle illumination (including sunset, [S.S.]), (2) earth's magnetic ta i l  with i t s  
magnetopause (MP) and bow-shock front (BSF) are located at the bottom and top. The 
average ages of the phases are also indicated: The center key panel indicates the 
number of observations (in parentheses) involved for each group in  each category where 
the left side number i s  for the anomalistic period (tidal) panels and the right side nurn- 
bers are for the age data panels. The numbers differ in  some cases because of incorn- 
plete ancillary data. 



where A = preceding datum, B = datum of moment, and C = datum .Sollowing. 

Figure 2 presents the smoothed data as curves in the same notations as F i p r e  1 

and will be used for the discussions of the data. 

1. Gaseous Phenomena 

At bottom left Figure 2 for the anomalistic period (tidal effects) we see that 

Bartlett's (B) observations differ from those of All Others (A.O.). His  curve 

has a definite maximum (at 0.95) near perigee (P), whereas, surpris;:ngly, there 

is no correlation with (P) or  (A) for All Others. The combined gasecaus observa- 

tions (6) show a maximum at 4 = 0.9 and a very minor peak at 6 = 61.4. If a 

tidal effect is acting, the offset of 0.1 period suggests a lead hystere:;is. Re- 

ferring to the gaseous panel at  the right for the age data, we find that there ap- 

pear to be four peaks o r  humps for Bartlett and five for All Others (only one of 

which is statistically significant for B and two for A.O.). It should big: pointed 

out that Bartlett observed Aristarchus only when it was in sunlight, therefore 

only half a lunation (from sunrise to sunset) and thus would not have any obser- 

vations during the first 10 days or  the last 4 days of a lunation. M e n  Bartlett 

did observe, he observed regularly, weather permitting, and thus when he fomd 

the bluish phenomena absent (only reported for the bluish) they probably were 

really absent, which was 1/3 of the time. The peaks for Bartlett and Al Otbers 

a r e  within a day of each other but the amplitudes alternate in importance. The 

peaks near 16 d,  and 25 correspond nearly to the entrance and exit of t he  

magnetopause, and near sunset respectively and suggest a causal rel;atiomship to 

the magnetic tail for the former and low-angle illumination to the latter, How- 

ever, the 1 2 ~  peak comes close to sunrise (-lld) on Aristarchus andl could be 

due to either sunrise or  low-angle illumination effects or both, and also a 
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Fiyure 2. The  same data as in Figure 1 in  the same arrangement where the 
data have been smoothed. (see text) 



possible bow-shock front effect (which comes at lod  5 ) .  The boundz~y ecsn&tiom 

for these overlap and make it very difficult to distinguish causal effect (if any), 

On the other hand, there is no cause in any of these hypotheses for the 41d peak, 

Tidal and solar effects a re  not represented here. There is a slight r ise  in the 

curve at about 2od which is close to  the BSF exit boundary. Probably the only 

significant peaks a r e  the 4d and 12d for All Others and the 16d for Batlea* 

2. Reddish Phenomena 

In the tidal effects panel, for Bartlett's 21 observations a peak comes at k$ = 00,Bi5 

which has no significance in the tidal hypothesis. In contrast, the 50 observatiom 

of All Others have a maximum at (P) differing considerably from Bz~rtlett"~ 

These differences imply that different phenomena a r e  being seen by the two 

groups. Indeed, the descriptions do differ. Bartlett's reddish and gaseous 

curves a re  opposite in phase. This opposition suggests that when he sees one 

kind of phenomenon, he does not see the other. In this graph we are deding with 

all of his observations, over many years, but when they a re  examined lmation 

by lunation the same results a r e  found. It is my opinion that his recI&sh phe- 

nomena a re  instances in which he was observing true ground color in the absence 

of an obscuring medium. Bartlett's descriptions and private commu~cations 

support this opinion. His reddish descriptions a re  really of coppers, browns, md 

yellows, frequently mentioning a granulated appearance of the soudbern p u t  of 

the floor of Aristarchus with these. If the interpretation for BartlettPs reddish 

observations is correct, then his reddish maximum supports his appaen t  gaseous 

correlation with perigee (but there is no corresponding apogee effecl:) . 

The 50 reddish observations of All Others have a curve very similar to Ba t leavs  

gaseous (but not similar to their own gaseous !). The similarity magy mean that 



Bartle.b;$?s gaseous events may have been lunar activity that was similar to 

otherst redcti~sh ones, but that his eyes a r e  less  sensitive to reds. He never re-  

ported any phenomena that were pink, red,  or  orange as others did. An eye 

response for him that is less  sensitive to  red  is suggested also by other obser- 

vations to ba3 discussed later. I t  is curious that the two groups of gaseous obser- 

vations differ. It may be due to relatively small numbers of observations. None 

of the peaks a r e  really significant. 

Exmining the reddish curves for age, we find four peaks for All Others but only 

one for Bz1;llett. The 1 6 ~  peak for A.O. is almost completely smoothed out. 

Again we see that for (B) the behavior of his reddish phenomena curve is inverse 

to that of hi23 gaseous, corroborating the results seen in the tidal panel, and sup- 

porting the suggestion above as  to the cause. His reddish curve is also inverse 

Lo that of A.O. as  in the anomaly curve. If the above interpretation offered for 

Bartlettfs observations is correct then it is evident that the combined results in 

both the mornaly and age curves a r e  not valid. We a r e  probably dealing with 

two different kinds of phenomena and there should have been a fifth category. 

3, B1uish :Phenomena 

Looking first at  the anomaly panel of bluish phenomena we find a significant 

double-peaked curve for Bartlettts 107 observations, the stronger one at 4 = 0.7 

and the  other at 1.0 (0.0) = P. There is a significant minimum a t  4 = 0.4, not 

Ear from apogee (A). The tidal hypothesis would not call for a correlation 

at d = 0.7. 



All Others have even less  of a tidal correlation among these few (25;g events. 

The maximum peak comes a t  the mean of Bartlett's double peak. The combined 

curve, of course, reflects the preponderant observations of Bartlett. 

The other two curves on this panel a r e  very interesting and may be very in- 

structive. The two a r e  Bartlettls Onset and Absent observations. The Onset 

curve is for  the initial date of a ser ies  of consecutive o r  nearly so observed 

phenomena. The Absent observations pertain only to the bluish phernomena a.nd 

were published in his paper (Bartlett, 1967) and given here in Table VII .  Note 

that these two curves a r e  very nearly in phase. The Absent show a strong maxi- 

mum near (A); i.e., the phenomena had a strong tendency to be -- absent at times 

near apogee, and to a lesser  extent near perigee ! If the Absent data are com- 

bined with the 107 bluish phenomena, the resulting curve is very s i r n i l a  $CI that 

for the bluish present phenomena alone. The near coincidence of behavior of the 

Absent and present Onset phenomena renders a possible tidal correlation some- 

what dubious for the present phenomena. It may be illusory o r  coineiderab;al, 

The data with respect to age bear out much the same conclusions, although here 

the behavior of the observations of Bartlett and All Others is more similar ex- 

cept that the amplitudes of the two peaks alternate. Again the Absent and Onset 

curves a r e  very similar in phase and amplitude. In these bluish curves, the 

strongest peaks suggest sunrise and magnetic tail correlations. 

4. Brightenings 

Bartlett did not report phenomena of brightening as did others and t l~erefore 

there is no curve for him, just one for All Others. Inspection of the ansmallis"cie 

curve reveals that the Brightenings have a double-peaked curve with the two 



peaks at 4 = 0.7 and q5 = 1.0 (0.0). Referring back to the discussion of the 

b l ~ s h  curves we note the striking similarity between Bartlettls bluish and All 

Others-brighlenings. Bartlettls bluish observations were mostly called the 

violet glare. The shapes of the two curves a r e  practically identical but the 

amplikdes of the double peak alternate for the two kinds of observations (in the 

smoothed curves but not in the histograms which a re  very similar). The simi- 

larity suggests that Bartlettls violet glares are similar kinds of events to the 

egslorless brlightenings of all others. Perhaps Bartlett is more blue-sensitive 

(and red-insensitive?) as  compared with most other observers. Such a physio- 

Io@cal resp3nse would account for the similarities between his colorless gaseous 

m d  All Others reddish, and his llbluish" to others1 colorless brightenings. 

Included in this panel a r e  All Others Onset and Absent. The concept of Onset 

here is sirnilu to that for Bartlett. In the case of the Absent, it represents 

absence of pi~enomena from other sites a s  well as Aristarchus, although the latter 

are in the vast majority. It is only quite recently that absence of phenomena 

have been reported. For (A.O.) the Onset data show no correlation. The absent 

phenomena a re  almost inverse to that of the present ones therefore supporting 

the conelusioris for the brightenings. (The A.O. Absent differ by 0.1 period with 

those of Bmtlett). The A.O. absent data reflect the rather consistent deficiency 

of events nexr apogee found in most of the data. This result i s  contrary to the 

predictions in Green's hypothesis and differs from the earlier results of Burley 

and Mdddlehurst. 

Sin the age &a@ams we note two major peaks for the brightenings, at 4d and 

14"iith Hnslgnifiieant humps at 11, 19 (?), 22, and 25 days. Again the 4d peak 



has no causal relation to any of the hypotheses represented on this & a g a m L ,  

The 1 4 ~  peak occurs w a i n  the magmekopause and could arise from the meeha- 

nism suggested by Speiser. The 11-day hump comes at sunrise (and near the 

BSF) while that for 25 days comes near sunset. They could arise from the in- 

fluence of low-angle illumination, but the former could also be due to other sun- 

r i se  effects. The l gd  peak comes at the exit boundary of the BSF (,and the PI" 

peak at  its entrance) while the 2 Z d  peak has no hypothetical effect to cause i t , 

Any effects considered a r e  very minor except for the possible s u ~ c i s e  one, 

All Others Absent shown here a r e  considerably rcehced in number because 

approfimately half of the observations Woung, 1967) were sunrise- sunset se- 

lective which would have biased the results and therefore were excluded in the 

age diagram. Again they behave similarly to the Onset data except the early 

peak occurs later than the Onset peak. 

The Onset data show two major peaks at Zd and 1ld (leading the gerieral obser- 

vations) and one insignificant one at 1 6 ~ .  As remarked in the general curve, the 

lld peak could result from bow-shock front turbulence, sunrise (UT7 excitation 

o r  thermoluminescence) o r  low-angle illumination effects. The possible 16" 

hump comes near the magnetopause exit boundary. 

5. Mis cellaneous 

In this panel various sets of data a re  presented. The B-M mrve sb.csws the plot 

of the 145 obaervations of all sites analyzed by Burley and Middleh.u~~st (1966). 

It reveals the major peak at perigee and the minor peak at apogee 'that lead them 

to the conclusion that there i s  a tidal effect on lunar phenomena. The 6-8ites 

curve represellls the combined data of 206 observations from the 8 % ~  next most 



frequently reported features of temporary anomalies. These will be discussed 

separately later (see Figure 4). The characteristics of these 6 sites combined 

&ffers frcgrn those of the B-M curve by offset and interchange of amplitude. They 

also &ffer somewhat from all of the Aristarchus observations (268) data com- 

bined irrespedive of category. For the latter we find the complete elimination 

of the B-M and 6-sites midperiod maximum (at and near apogee respectively) 

and find instead a double-peaked curve with the two peaks coming a t  4 = 0.7 and 

$ = 1-0 (0.0) respectively (or a mean of 0.85). It is the same behavior as for the 

bluish and the brightenings (which make up the large majority of the observations 

for Aristarchus). It may be that the 0.5 peak migrated to the position of 0.7. 

In the author's collection of LTP reports for all sites of which 759 had sufficient 

data to be analyzed this way, we find yet another result. It consists of a rather 

broad mli~mum in the first half of the anomalistic period and a very broad maxi- 

mum in the last half. It closely resembles the data from Aristarchus alone but 

the  dip betwt3en the latter's double peak has filled in. These data a r e  directly 

cornpaable to the B-M analyses, differing only in the number of observations. 

In this panel. all analyses have sufficient numbers of observations to provide a 

reliable sarniple so that any differences may be regarded as  real  and significant. 

It also suggests that the differences found in our previous small samples may 

be real, 

The All Site8 data of 759 observations includes all observations regardless of 

reliability of the observation. To determine the effect of the poor observations, 

mmy of the lobviously poor observations were discarded. The remaining 581 

observations and the smoothed curve for these data a re  shown, designated 



Best All. One can see that i t  is essentially identical to the whole body of data. 

It does show slightly the dip at 4 = 0.8. 

Referring now to the age-data curves (which do not include a B-M curve since 

those authors did not consider the data in this way, nor did they publish the 

itemized observations they analyzed) we find differences in the data here too. 

The All Aristarchus curve of 271 observations shows a strong peak at 5 days 

and a double peak maximum at 13 and 16.5 days age. These double peaks come 

at  the entrance and exit boundaries of the magnetopause of the eartkbk magnetic 

tail (MP). The 1 3 ~  peak also falls within possible sunrise or low-atmgle illumi- 

nation effects. 

The 6-sites curve has one major broad peak between age 9-12 days and minor 

humps at 4d,  1 6 ~ ? ,  21d, and 25d. None of the hypotheses can accottuat for the 

21d rise. (The 4d peak comes near sunrise on Proclus which is onc: of the six 

sites.) These six sites combined depart in behavior considerably fl-om that for 

Aristarchus o r  for All Sites combined. 

All Sites and the Best All sites show essentially three hurnps on a generally 

rising curve which declines rather suddenly after age 16 days. The humps oc- 

cur at 4d ,  ad ,  and 1 5 ~  (= full moon). Obviously, the seven sites considered here 

previously contributed heavily to the All Sites data, comprisi% abcaut 60% of all 

observations. 

An illu~l~ination e has been superimposed and it can be seen that the obser- 

vations generally follow it with some depastures. There is a general excess sf 

observations in the early phases and a deficiency in the later phase,s in a lunation. 



It reflects, probably, the fact that the majority of the observations were contrib- 

uted by non-professional astronomers. In general, most observers will be ob- 

serving features when they a re  directly lighted by the sun, but many phenomena 

occur in the shadowed part of the moon illuminated only by earthlight (ashen) and 

these attract the observer's attention. There are  also some programs for ob- 

serving the moon in the ashen light, e.g., the Argus/Astronet program (1966). 

Beyond full moon, when the moon has to be observed very late at night or in the 

early m o r n i ~  hours the observers will usually be professional astronomers and 

a few enthusiastic and dedicated amateurs. Since there is such an observational 

bias, perhaps the small humps in the curves a re  significant. 

Several of the Age data peaks fall near the boundary conditions for more than 

one hpothes;is and others have no apparent cause. Tidal effects cannot be de- 

termined from the data in this form, but we can examine the data for each of the 

four major age peaks. Therefore the Aristarchus observations (through 1967 

only) for ages 4d0 - 4!9, 12d0 - 12519, 16d0 - 16!9, and 25d0 - 25% were each 

sepuately analyzed with respect to the phase of the anomalistic period. The 

histopams (and smoothed curves) a r e  presented in Figure 3. In the 4d peak 

panel glower left) there is a definite peak at 56 = 0.5 (apogee) but a minimum at 

4 = 0.0 @erigee) , as  well as  at 4 = 0.3. The letters indicate the kind of category 

of each observation, where the code is the same a s  defined above (p. 5) and 

A .C. = dB colors. Most of the observations at  this age of 4d were brightenings 

but the behavior of these i s  different from the total number of brightenings seen 

in Figures 1 and 2. It is almost the inverse ! Such a difference may be attribut- 

able to smdell samples again. 



AGE PEAKS vs. ANOMALY 

AGE = 12.0 TO 12.9 DAYS 
= SUNRISE + I TO 2 DAYS 
= ENTERING EDGE OF MAGNETOPAUSE 

( 2 6  OBSERVATIONS) 

AGE = 25.8 Ti0 25.9 DAYS - SUNSET - I TO 2 DAYS 
(5 OBSER\IE+TlOMSI 

v = BLUISH ibi: = ALL co io i is  
R = REDDISH I" PERIGEE 
G = GAS / I  = APOGEE 

BR = BRIGHTENIMG 
AGE = 4.0 TO 4.9 DAYS 

(22  OBSERVATIONS) 

AGE = i6.0 TO 16.9 DAYS 
= EXIT EDGE OF MAGNETOPAUSE 

I26 OBSERVATIONS) 

PHASE OF ANOMALISTIC PERIOD (#HI PHASE OF ANOMALISTIC PERIOD (Qnl 

Figure 3. Histograms o f  four lunar ages at  which the data generally peaked i n  the right-hand 
panels of Figures 1 and 2. The data are plotted wi th respect to the phase of the t r u e  
anornalistic period (477). Perigee (P) and apogee (A) are designated wi~rh arrobvs. The 
letters wi th in the histograms bars indicate the k ind o f  phenomenon for each crbservatrcn 
i n  that bar (see text). The pertinent hypotheses relationships (other thcin tidal,  which 
i s  given by the abscissa) are indicated a t  the top of each panel. 



The 12 and 16 peaks were composed mostly of bluish observations and their 

gross chara.cteristics with respect to the anomaly a r e  generally similar to each 

other, with maxima near perigee and minima at  apogee (opposite to that of the 

brightenings in the 4d peak). These resemble only broadly those characteristics 

s f  the combined bluish of Figures 1 and 2. In the latter,  the brightenings and the 

bluish were almost identical, while here they a r e  inverted with respect to each 

other, 

The 2sd pe.ak consists of only five observations, all of which a r e  gaseous. The 

distribution shows no correlations but is probably meaningless because of s o  

few observ:ations. However, it corroborates the results of the gaseous of all  

others in Figures 1 and 2. 

We have thus far  been considering the data distributions with respect to the 

anomalistic: period and lunar age. Now we might inquire into their observed 

behavior compared with what we would expect under each hypothesis if they were 

to occur at irandom and under no external influences. These considerations have 

been ignore?d in previous analyses. If the data a r e  analyzed with respect to the 

aaaomalsdic period in intervals of 0.1 of a period, one might adopt 0.1 period as  

a boundary condition for a tidal influence o r  correlation. On a random basis 

then one wc~uld expect 20% of all  observations to come within +0.1 period of 

perigee ancl a like percentage within the same limits for apogee, totalling 40% of 

all observations within these limits for perigee plus apogee. One could adopt 

more restrictive boundary conditions, and were adopted in these analyses. The 

arbitrary limits of 5 k0.05 and +O.l period were investigated for the period 

portion of the tidal effect. These limits correspond in days to 21.4 and -2.8 days 

respectively of P and A. 



Similarly for low-angle illumination (which includes sunrise effects alone), the 

limits chosen were 5 +12" and 5 +24" of sunrise and 5 -12" and ( -24" sunset 

respectively. These limits correspond in days to one and two respectively. 

Sunrise on Aristarchus, on the average, occurs at about age lld and  sunset 

occurs at about age 26 d .  

For the magnetic tail effects we adopt three conditions, viz. 5 rt2 days from full 

moon for the magnetopause, lt4.5 days from full moon for the whole tail in- 

cluding the bow-shock front (BSF), and ( rt3.5 - 4.5 days from full ~rnoon for the 

bow-shock front turbulence effect. 

Arbitrary limits adopted for the solar effects were rt0.5 days, 5 hl day and 

< lt2 days of coincidence of magnetic storm effects on the earth and LTP dates, - 

The terrestr ial  effects considered were sudden commencements (SC) of magnetic 

storms, storms in progress (MS) and, when known, aurorae (A). 

Calculation of the numbers of observations and percentages of obse3:vations 

expected (Exp) were made by the ratios of the number of days involved in t he  

limits to the total number of days in an observing period (indicated in parenthe- 

se s  at the top). The observing period for Bartlett was 1 5 ~  and for .Bal l  Others 

was taken as 25.5 days since the moon is rarely observed within rt2" sf new 

moon in a lunation period of 29.5 days. The combined data in each a:ategorgr had 

a pro-rated observing period weighted by the ratio of the numbers c ~ f  observa- 

tions contributed by the two groups, (B) and (A.O.). Some adjustmenlt was made 

under the bow-shock front limits for Bartlett since he did not observe until sun- 

r i s e  had occurred on Aristarchus and by that time the moon is already within 

the bow-shock front. Thus we have for the expected percentages at this Birnik 



8 5 9.0 for Bartlen and All Others respectively, = 57% and = 37%. All numbers 15 

of observations and percentages were rounded off to the nearest number. 

Table BB presents the results for these analyses for the various categories for 

the Aristarchus observations. The columns under each group for each category 

within that boundary condition (ordinate) give the following data: (1) number of 

observationis expected (numerator) out of the total number of observations (de- 

nominator) for that group in that category; (2) the same as  (1) in terms of per- 

cent; ((3) number of observations observed (numerator) out of total number of 

asbservatiorns (denominator) in that group and category; (4) the same as  (3) in 

terms of percent; and (5) the ratio of columns four to two, where 1.0 of course 

mems the percent observed = percent expected. The circled figures in col- 

umn 5 indicate the highest ratio (correlation) for that group in that category. 

Exmining the table in detail shows that only two groups, out of 14, departed 

frorn a Kgk~est correlation with sunrise. The two departures were Bartlettfs 

reddish wh2ich correlated most strongly with the magnetopause, and the brighten- 

i n g ~  which, surprisingly, correlated most strongly with solar effects. In other 

words, the brightenings occurred very often within a day of the arrival of solar 

pztielies a.1; the earth (and moon) which caused disturbances on the earth (and 

moon?)). Note that more than 1/4 of all observations of brightenings on the moon - 

occurred when a terrestrial event (magnetic storm o r  aurora) occurred within 

one day of :it. 

The ratios for sunrise effects a re  substantially high for most groups and cate- 

gories and for the most part a r e  found at the more restrictive boundary 



conditions. In fact, it can be seen that this is generally true under all the hy- 

potheses, that the higher correlations come within the narrower limits (which 

probably should be expected). 

The tidal effects ratios a r e  quite interesting, Most of the groups and categories 

have a ratio greater than 1.0 at the narrow limits for perigee, indicating a fairly 

persistent excess of observations near perigee over those expected. The re- 

verse i s  found for apogee limits (except for Bartlettrs absent phenomneaa which 

had a high ratio at apogee). It corroborates the trends seen in Figures 1 and 2, 

Note, however, that the same is true for the Absent phenomena. For a true o r  

strong tidal effect to be operating on the lunar phenomena, one would expect the 

maximum peaks for the Absent phenomena to come at midperiods, i.e,, at about 

(ij = 0.3 and 0.7 or  0.8, which we do not find. We find them coming na:ar perigee 

and apogee ! (See Figures 1 and 2 .) 

Table IV summarizes the O/E results for all the groups and categories sf 

Tables I1 and III. Table I11 i s  very similar to Table I1 and gives the same quanti- 

ties for the six next most frequently reported sites of LTP: (1) the combined 

results of these six (6 sites) all Aristarchus, (2) All Sites from the author's col- 

lection, (3) the best of the latter, and (4) the Burley-Middlehurst results, for 

comparison. Here again, out of these 10 categories only one (other than B-M) 

does not have the highest correlation (circled) with sunrise, and all klut one of 

these is with the narrower limits. The one exception is for the crater Proclus 

whose highest ratio was for solar effects. Some of the sunrise ratios are very 

high, e.g., Schrb'terfs Valley with 15.5, meaning more than 15 times as many 

events were observed than would be expected on a basis of random o1a:currenee- 



*Includes other sites; total ~ m b N  of Obse~ation~ differ because some 0b~e~atiOnS were biased toward sunlise and were nat included in age data 

Table II 

Effect 

T~dal 

LowAngle 

Illuminaion 

Magnetic 

(1) 

(a 
(3) 

Solar 

g ( 

(6) 

Boutdary 
Conditions 

c . t o . 0 5 ~  - 
< i O . O 5 A  - 
< * 0 . l P f  - 
e - t o . 1 ~  - 
<*O.O5P - 

and A 
< * O . l P  - 

and A 

< + 1 Z 0 R  - 
< - l Z O S  - 
< _ + 2 4 ° ' ~  

5 - 240 s 

< * l Z O R  - 
a d s  

< * Z ~ O R  - 
and S 

< * 2 d ~ ~  - 
~ * 4 ! 5 m  

< - t a t $  - 
4!5 FM 

sc,ms,A 
on date 
c*ldev,t 

c * $ w e n t  

s*::;! 
On date 
in M.T. 
2 Kpma 6- 

- 

Canbined ( ~ 3 ~ )  

No. % No. % Q 
Exp. Exp. Obs. Obs. E 

1 1 0  11 17 L7 
66 66 
1 1 0  5 8 0.8 
66 66 
~ 2 0 ~  18 0.9 
66 66 
13 20 lo 15 0.8 
66 66 

24 1.2 
66 66 
2 6 4 0 2 2  33 0.8 
66 66 

3 4 1 0  15 3.8 
66 66 
p 4 4 6 L5 
66 66 
4 9 2 4  36 @ 
66 66 
6 9 4 6 0.7 
66 66 
6 9 1) 21 2 3  

66 66 
11 1 7 2 8  42 2 5  
66 66 

11 17 42 2 5  
66 66 
4 37 46 70 1.9 
66 66 
4 9 4  6 0.7 
66 66 

2 4 5 9 2 2  
5 7  55 
5 9 6 11 1 2  

53 55 
9 17 11 20 0.8 

53 55 

9(4a 

$3 5(64 
6 10 

5F 

Bartlett (lsd) 

No. % No. % a 
Exp. W. ObS. Obs. E 

2 U )  1 6 0.6 
Ii I0 
2 1 0  2 11 L 1  
IT l8 
420 1 6 0.3 
18 18 
4 20 f 17 0.8 
$ la 
4 2 0  3 17 0.8 
IS a 
2 4 0  4 22 0.6 
18 18 

1 7  1 0 0.0 
l0 18 
1 7 0  0 0.0 

1 I0 
1 1 3  & 0 0.0 

18 1 
2 13 O 0 0.0 
18 18 
2 13 1 0 0.0 

1 a 
5 2 7  O 0 0.0 
18 18 

5 2 7  9 50 
f la @ 5 ?  
9 57 1! 94 1.6 
f 18 
2 1 3 1  11 0.8 
f 18 

1 7  2 11 1.6 
K a 
2 13 1 11 0.8 
li 18 
5 27 1 11 0.4 

I8  

#) 6(50) 

,a$) f l ( l w )  

2 11 
S 

REDDISH 

All Others (25'!5) 

No. % No. % 4 
&. Exp. Obs. Obs. E 

5 1 0 &  20 2 0  
5~ 51 
5 1 0 1  6 0.6 
5i 51 
1 0 2 0 1 1  22 L 1  
51 51 
1 0 2 0  1 14 0.7 
5 1  51 
1 0 2 0 1 3  26 l.3 
51 51 
540& 35 0.9 
51 51 

2 4 1 0  20 5.0 
5? 52 
2 4  4 8 20 

52 52 
5 8 2 4  46 @ 

52 52 
4 8 4 8 LO 
52 52 
5 8 14 27 3.4 

52 52 
8 1 6 2 8  54 3.4 
$ 52 

8 16 20 38 2.4 
% 

18 35 32 63 1.8 
52 52 
4 8 2  6 0.8 

52 52 

2 4 3 8 2 0  
4 e 
3 8 1 12 L5 

45 40 
6 16 10 25 1 6  

@ 40 
4 4 IO(40) dl~) 
40 3 2(33) 
4 9 

43 

combined (21d) 

No. % No. % Q 
Exp. Exp. Obs. Obs. E 

8 1 0 E  13 L3 
78 78 
8 10 4 5 0.5 

78 78 
16 24 L2 
78 78 
16 20 12 15 0.8 
78 78 
16 2 0 1 1  18 0.9 
78 78 
3 403 40 1.0 
78 78 

4 5 1 2  15 @ 
80 80 
4 5 5  6 1 2  

80 80 
1 1 0 1 9  24 2 4  

' 80 80 
8 10 6 8 0.8 
80 80 
8 1 0  11 21 2 1  
80 80 
15 1 9 2 5  31 1.6 
80 80 

& 1 9 2 1  w 1.8 
80 80 
32 40 5 56 1.4 
80 80 
8 1 0 5  6 0.6 
80 80 

3 5 3 5 LO 
61 61 
6 10 1 11 L l  
61 61 
11 19 14 23 1 2  
61 61 

6 6 lO(4) 6i(d 
6%) 3(67) 
4 6 

62 

Bartlett (I$) 

No. % No. % fl 
Exp. Exp. Obs. Obs. E 

3 M  4 19 1.9 
3 i  31 
3 1 0  2 6 0.6 

31 31 
& m u  36 1.8 
31 31 
6 2 0  6 19 1.0 

31 31 
4 2 0  8 26 L3 

31 31 
1 2 4 0 1 1  55 L4 
31 31 

2 7 5 16 @ 
31 31 
Z 1 7  1 3 0.4 

31 
& , I 3  & 19 L5 

31 31 
1 13 1 3 0.2 

31 31 
1 ' 1 3  6 19 L5 
31 31 
& n  1 23 a 8  
31 31 

48 18 
31 31 
16 57 24 n 1.4 
31 31 
4 1 3 3  10 0.8 

31 31 

2 7 1 3 0.4 
3 1  31 
4 13 3 10 0.8 

31 31 
8 27 2 16 0.6 

31 
4 4 13(80) 

3 i k )  
31 1 3(100) 

2 6 
3 i  - 

GASEOUS 

All Others (2Sd.5) 

No. % No. % 
Exp. Exp. Obs. ObS. E 

510 5 l0 LO 
48 48 
5 1 0  2 4 0.4 

48 48 
1 0 2 0  2 19 LO 
48 48 
1 0 2 0  6 12 0.6 
4 48 
1 0 2 0  1 15 0.8 
48 48 
B 4 0 &  31 0.8 
48 48 

2 4 1  14 @ 
50 M 
2 4 4 8 2 0  
50 50 
& 8 B  26 h 2  

50 50 
4 8 3 10 L 1  
50 50 
4 8  11 22 2 8  
50 50 
& 1 6 @  36 2 2  
50 50 

8 1 6 1 2  24 1 5  
50 50 
g 35 22 44 1.2 
50 50 
3 8 2  4 0.5 
50 50 

1 4  1 6 L5 
31 31 
2 8 1 13 L 6  
31 31 
5 16 9 29 L8 

3i 31 
2(2) urn 

31 9 
1(1) 3(%) 

31 2 
2 6 

3 1  



Tidal 

Table II (Continued) 

< f 0.05 P 
and A 

< * 2d FM n 9 46 ~7 5 16 5 52 3.2 32 24 63 47 20 - 
107 29 29 133 133 

Magnetic < * 4!5 FM f?f! 57 2 85 L5 10 35 3 83 2 4  fi 46 113 85 L8 
- 

Tail 
107 107 29 29 133 133 

< f3dg  14 13 13 9 0.7 2 8 1 3 0.4 16 12 13 10 0.9 - 
4d5 N 107 107 29 29 133 133 

Effect 

(3) c f $ e v e n t  29 n 3 19 0.7 3 16 r 5 0.3 JI 24 21 17 0.7 
Solar 107 107 23 21 125 125 

(4) 5 -t 2d event 
in M.T. 

(5) On date ?Xf) 5(100) 
in M.T. 

(6) 1 Kpmax 6 @ 7 - 4 19 13 10 
107 21 1% 

Bound. 
Cond. 

BLUISH 

Bartlett (Ed) 

No. % N o .  % g 
Exp. Exp. Obs. Obs. E 

No. % N o .  % Q No. % N o .  % a N o . % N o .  % c No. % N o .  % No. % N o .  % O 
Exp. Exp. Obs. Obs. E 1 Exp. Exp. 0 b r  0)s. E ( E W  Exp. Obs. Obr  I IExp. E p  Obs. O h  E EX@ Exp. Obs. O~S. E I I 

BRIGHTENINGS 1 ABSENT ONSET 

All 0thers(25!5) 

.No. % No. % 
Exp. Exp. Obs. Obs. E 

All Others (25% I Bartlett (lsd) I A11 Olhers* (25%) I Bartlett (15~) I All Others (25!5) Combined ( l ld) 

No. % N o .  % g 
Ev. Exp. Obs. Obs. E 
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This is in contrast with the same quantity for Aristarchus in which the number 

observed i s  2.8 times that expected. A large portion of the sunrise ratio may be 

due to observational effects, but probably not all of it can be attributed to such 

selective c.:ffects. The differences between the two physically close sites of 

Schr6ter9s Valley and Aristarchus plus the fact that observations a r e  reported 

for all 1un;~r ages suggest that selection is not the whole answer. The numbers 

of observations before and after full moon a r e  approximately equal for All 

Others. Even the brightenings , although predominantly seen in the early phases, 

were reported at all ages, and had 50% more observed near sunrise than ex- 

pected. There is probably a real  effect here, something about sunrise conditions 

that favors the detection of lunar transient phenomena. Figures 1, 2, 4, and 

Table VB emphasize that LTP a r e  to be observed at any time with little or  no 

preference for any specific time, e.g., a t  perigee. In fact, if observations are 

codined to1 perigee, 2/3 to 3/4 would be missed. 

Table 11 also shows another general trend in the data in tidal effects. There &e 

little or nc~ excesses of observed over expected observations near perigee plus - 
apogee (last row in tidal effects). This also is apparent in the results of Burley 

and MiddQehurst shown in Table 111 for comparison despite the correlations with 

perigee mcl apogee that they found. The results given here for their data a r e  

appro~mate because the data were not available for units smaller than 0.1 pe- 

riod. For their data almost twice as many (O/E = 1.9) were observed over what 

would be expected at perigee and 40% (O/E = 1.4) more at  apogee. Few other 

categories lor sites approached such high ratios a t  perigee and only one in apogee 

in either Table I1 or Table 111. In particular, note the decline of these ratios as  

larger nunlbers of observations a re  used (see the last five groups in Table 111). 



Under solar effects, both in Tables 11 and 111 there a re  three other limits given 

that have not been defined or discussed yet. They a r e  the last three rows of 

boundary conditions listed. I was curious a s  to what percentage of the observa- 

tions that occurred within two days of a terrestrial event (defined earlier) oc- 

curred when the moon was within any part of the earth's magnetic tail at the time 

of the LTP (a possible tail enhancement effect). This quantity i s  given opposite 

to the heading &2d event in M.T. I had not expected many events do Joe correlated 

with the solar effects so I chose the most liberal limits for the inve,stiga.tion, 

A more realistic quantity would be for the coincident lunar and terrestrial events 

and this is given opposite the heading On date in M.T. Column 3 for these two 

quantities gives two ratios; the left one is the number observed over the total 

number of observations for that category, and the number in parentheses is the 

number of observations within the magnetic tail out of the number in the chosen 

limit. It is the ratio of the numerators of row 4 to row 3 (for row 4) and of the 

numerators of row 5 to row 1 (for row 5). Column 4 gives these quantities in  

percentages in the same relationship a s  column 3 .  The last row, rot'crii 6, gives 

all the observations in each category that had a K, maximum of - > 6-- which 

usually (though frequently does not) leads to a magnetic storm QK, ranges from 

0 to 9). 

The results in the parentheses in rows 4 and 5 under solar effects indicate that 

there is apparently some enhancement from the magnetic tail, if  we can believe 

the results from such small samples. In almost all cases a very hig;h percentage 

of the events that occurred contemporaneously with or near a terrestrial event 

occurred when the moon was within the earth's tail. It was also surprising to 

find the rather high percentage that did occur near a solar event. Nearly 10% of 



the 486 observations of all sites for which I had solar data occurred at the time 

of the arr ivd of solar particles in the earth-moon system and as  high a s  16% 

(for Proelus) did. If a 1-day leeway is granted for arrival at the moon compared 

with the earth, the percentage jumps to 20% and 36% respectively for the two ex- 

amples. T nese per eentages are  comparable with the highest percentages under 

any of the considered hypotheses. In this respect, note that far from a majority 

of lunar events occur at perigee as has been mis-reported in regard to the lunar 

seismic events (Latham, 1970). As high or higher percentages occur at  other fa- 

vorable times, e.g., sunrise, or near full moon, more than 1/3 of All Aristarehus 

occur near full moon and > 1/4 of All Sites do, a s  contrasted with 1/7 for peri- 

gee, For tile narrowest limits, the highest percentage for any group or  category 

for perigee was 20%, for sunrise was 62%, for the magnetopause, 52% and for 

solar 16% for the present phenomena. The percentages for apogee, sunset, and 

bow-shock front were generally low, usually less than 10%. These results sug- 

gest that any possible tidal effect operates around perigee only, that there isn't 

much of a Bow-angle illumination effect, that instead, any low-angle effect is due 

to other sunrise conditions, and that the turbulence effect of the bow-shock front 

i s  small or negligible. The other parts of the respective hypotheses have some 

support in tlhe data. 

In Table 1IV where the ratios O/E a re  summarized we find an interesting result 

in the tidal effects data. Compare the ratios for 5 k0.05 P for the five largest 

bodies of ob~servations. They are ,  in ascending numbers of observations, 

Burley-Micl&ehurst, 6-sites,All Aristarchus, Best All and All Sites. The ratios 

are respecdtively, 1.9, 1.1, 1.4, 1.3, and 1.3. This ratio then, has generally de- 

clined with increasing number of observations, suggesting a fortuitous or else 





only weak  tidal effect. The corresponding decline in apogee ratios is even more 

evident. The numbers (or percents) observed are  about the numbers expected 

when perigee and apogee are  considered together. 

Figkare 4 presents the histograms and smoothed curves in the same format as  

Fiiwres 1 and 2, for the separate six sites, repeating the All Aristarchus results. 

The vuiatilions and similarities of the various sites can be compared. The 

Proclus and. Agrippa observations were almost wholly those of Bartlett (private 

a30mm~ieattion) and are  all of the gaseous category. The results a re  almost 

mirror images of each other in the anomaly data and partly in the age data. 

Agrippa" tidal behavior is similar to that indicated in Bartlettls Aristarchus 

(gaseous) observations, but differ somewhat in age behavior (compare Figures 4 

and 2), Proclus (46" E,  16" N) shows no correlation with tidal effects. Agrippa 

(11" lF: , 5" N )  , Alphonsus (4" W, 14" S) , and Plato (9" W, 51" N) a re  all near the 

center of the moon in longitude but in different hemispheres. We find that Al- 

phonsus and Plato are  not too dissimilar but they differ from Agrippa, which is 

not far from Alphonsus in selenographic position. Gassendi (40" W, 17" S) and 

SchrGterss TJalley (48" W, 22" N) (which includes observations of Herodotus) 

behave somewhat similarly yet their behavior differs considerably from that of 

Aristarchus :, despite the proximity of the latter to S.V. All three a re  nearly of 

the s m e  selenographic longitude but Gassendi is in the southern hemisphere 

while the cstb,er two sites are  in the northern. All six sites differ from all 

Aristarchus ,, Note particularly that Plato has no peak, in fact a minimum at 

perigee, but has one of its maxima near apogee and the other at 0.7. Agrippa has 

a non-signil'i.@ant peak at perigee and one of the dual peaks of Aristarchus is at 

perigee. All the other sites have insignificant peaks 0.1 period before or after 

perigee, 
4 8 



6 PROCLUS I211 

1 

2 -..-.-i ' 

PHASE O f  L N O M A L l r T I C  P E R 1 0 0  It1 

Figure 4. LTP Histograms and smoothed curves of the seven most frequently reported features of 
the moon. Numbers of observations are indicated in parentheses after it1-1~: name of the 
feature. The arrangement i s  similar to Figures 1 and 2. Note the va r ia l~ i  l i t y  sf each 
site with respect to each other, with very l i t t le pattern. 



Differenee,~ a re  found in the age graphs also. Sunrise and sunset ages for each 

site are  indicated on its graph. Proclus and Agrippa a r e  the only ones to show 

no sunrise or low-angle illumination effect. The strongest peak for Proclus 

comes wittkin the limits of the magnetopause. Agrippa has one there too but its 

other peaks have no explanation. Alphonsus shows a strong sunrise effect only. 

Plato has EL correlation both with sunrise and magnetopause. Gassendi has a 

sunrise eo:rrelation and a lesser, doubtful magnetopause one. The Schr6terv s 

Valley-Herodotus graph shows only a sunrise correlation, while Aristarchus has 

a s u r i s e  one plus a magnetopause one and a third peak with no explanation. 

It i s  apparent that only Aristarchus, Plato, and Schr6ter1s Valley have been seen 

in the ashen light, although Alphonsus was observed once well after the sun had 

set on it. A.ristarchus, Proclus, Plato, and Agrippa (?) in descending order have 

a strong correlation with the magnetopause. The others have little or none. It is 

most swprising that Schr5tervs Valley does not correlate with M.P. because 

many of the observations of it were simultaneous with events on Aristarchus. 

We have been considering the tidal effects in period only, yet the hypothesis we 

wish $0 test is that of Green which includes the shape o r  eccentricity of the orbit 

also, The shape may affect the strength of the tidal effect. To investigate this 

part of the tidal effect, the observations for Aristarchus were plotted on the 

anomalistic orbit plot for each year in which observations occurred when the 

momalistic data were available. The data a r e  only complete through 1967. Since 

the sequent:e of orbits is repeatable, the observations could be transferred to one 

representative orbit by shifting each yearly orbit until i t  corresponds to the cor- 

red brmeh of the representative one. It is essentially a phase diagram as  in 



stellar light curves which a r e  referred to one epoch. The represenntative orbit 

chosen was for the year 1968 and is a plot of the horizontal parallax as or&l?ate 

for the perigee and apogee dates and the Julian date as  abscissa (scales not 

shown). 

The results a re  shown in Figure 5 which separates Bartlett's positive, negative 

and All Others positive observations. The dotted portion at  the right end is a 

repeat of the left end. The large dashed lines across the top and bo~,om repre- 

sent the 0.1 period limits for perigee (P) and apogee (A), respectively. If only 

a tidal effect operated, one would expect all the observations to cluster outside 

these dashed lines, but ideally, on Green's hypothesis, at the apogee with the 

arrow in the maximum degassing region and few or none at the m i ~ m u m  with 

the arrow in the minimum degassing region. If the events occurred at random 

with no tidal effect we would expect 40% to occur outside the dashed lines and 

60% between them. We would also expect that, if there is a tidal effect, the 

absent phenomena would come between the dashed lines. Analyses of the obser- 

vations show that 46% occur outside and 54% between for the positive events and 

the reverse for the absent (i.e., -55% of the absent occur within 0.1 period of 

perigee and apogee). 

A glance at  the figure shows that the observations a r e  scattered throughout all. 

of the orbits with little tendency to cluster. What tendency there is to cluster 

comes in the cases of the most eccentric orbits in which few observations are 

found in those branches from perigee to apogee. The branches from apogee to 

perigee a r e  almost filled for the eccentric orbits and for the more d.rcular 

orbits the observations a re  distributed uniformly around the orbits. 'The circled 



LUNAR ORBITAL RELATIONS 

BARTLETT'S OBSERVATIONS, 0 = ONSET 

x ALL OTHERS' OBSERVATIONS, 0 =ONSET 
+ BARTLETT'S ABSENT PHENOMENA 

MINIMUM DEGASSING 
I I 1 

PERIGEE 

APOGEE t I I 
I 1 

MAXIMUM DEGASSING H 
0.1 ANOMALlSTlC PERIOD 

AREA OUTSIDE OF DASHED LINE ARE WITHIN 0.1 PERIOD OF P (UPPER) AND A(L0WER) 

Figure 5. Plot of the anomalistic period data for Aristarchus, al l  referred to one epochal orbital curve. The areas of greatest number 
of LTP (maximum degassing) and fewest number of L T P  (minimum degassing) expected under the Green tidal hypothesis 
(see text) are indicated. The upper and lower large-dash lines are the approximate limits indicating 0.1 period from perigee 
(upper) and apogee (lower) in the anomal istic period. Note the variabi l i ty in the lunar eccentiicity which affects the shape 
of the orbit. The circled points are the observations that marked the beginning of two or more consecutive days reports, 
suggesting the Onset of phenomena. (Sp) denotes observations in  which spectra were obtained. Note the almost.uniform 
spread of observations throughout the orbits during minimum degassing period and that they are almost uniformly distributed 
in the maximum degassing period, although with some deficiency of reports in the half period when the moon progresses 
from perigee toward apogee. 



points a r e  the Onset dates and note their tendency to advance along the orbits 

rather than to cluster. Note also the similarity in behavior of the absent with 

respect to the present phenomena instead of the reverse a s  would be expected, 

The slight tendency for the observations to cluster near apogee and .?erigee in 

the eccentric orbits lends some support to Green's hypothesis, but j.?; is weakened 

by the uniform distribution around the less eccentric ones. The number of ob- 

servations in the maximum degassing region is about equal to that in the m-ini- 

mum degassing region, being 122 (51%) and 117 (49%), respectively. Altogether, 

the analyses indicate either a rather weak tidal effect or  none. Table V sum- 

marizes the possible correlations for each hypothesis and category. 

In the Aristarchus observations the possible effects considered have overlapping 

or  coincidental boundary conditions, making the separation of dominiating effeds 

very difficult or  impossible. As mentioned before, the moon is already within 

the bow-shock front when sunrise occurs on Aristarchus. At the saxne "erne, 

perigee or  apogee could coincide and would be within the limits chosen for sev- 

eral  months because of the near commensurability of the anomalistii:: period 

which averages 27.6 days (but varies between 25d and 2gd) and the ~i:gnodic period 

of 29.5 days. If solar activity occurred at this time also, the determination of 

the real  cause (if any) would be impossible. Figure 6 shows the ove:~Iapping of 

all the competing hypotheses except solar activity. The narrower bc~urndary eon- 

ditions are  represented by heavier shading. The figure is a plot of age as the 

abscissa and the anomalistic phase 6 as  the ordinate. It shows, separately, 

Bartlett's present and absent phenomena, and All Others present for Arist=ehus 

through 1967, using the same symbols as in Figure 5. Note that alsa~~d 6% of the 



Table V. SUMMARY OF POSSIBLE CORRELATlONS 

SOLAR ACTIVITY MAGNETIC TAIL 
M.!? BSF 

S.A. rN 
S.A. MAG. TAIL 

BLUISH 

BRlGHTENlNGS 
A. 0. - I - + 

ONSET 

BARTLETT'S 
ABSENT 

ALL OBSERVATIONS I +? - I + 
+ 

AGE 4 .0~ -4 .9  
MOSTLY BRIGHTENINGS I - 

AGE 12.0~-12.9 
MOSTLY BLUISH 

AGE 16 od - 16.9 
MOSTLY BLUISH + - - - 

AGE 2 5 0 - 2 5 9  
ALL GASEOUS 

- - - t 

(t) =PEAK AT OR NEAR (POSSIBLE CORRELATION) 
(-) = NO PEAK AT OR NEAR (PROBABLY NOT CORRELATED) 



Figure 6. P lo t  o f  the anomalistic period phase (4)  versus the lunar age for the Aristarchus data. 
Both narrow (heavier shading) and more l iberal boundary l imi ts for the ( P )  tidal, 
(2) low-angle illumination, (3) sunrise and (4) magnetic t a i l  hypotheses ore indicated. 
Note the abundance o f  overlap of theories exhibited i n  these data makina the selection 
o f  the causal effect very di f f icul t .  



observationars fall under three hypothetical causes and about 35% fall under at  

least two, The absent phenomena exhibit similar behavior. 

1t was because of this frequent ambiguity of possible causative effects that the 

malyses for the other six sites previously discussed were undertaken at this 

time. It warr hoped that some interpretable trends might emerge to separate or  

eliminate earuses. The variations among them and their differences with 

Ariatarchus are  as  confusing a s  Aristarchus o r  All Sites together. The sepa- 

ration far the Aristarchus observations into various categories of seemingly 

&fferent properties elicited no strong trends. Somewhat consistent trends o r  

correlations were with sunrise, magnetic tail, and a slight excess near perigee. 

Table '8631 summarizes the number of observations with respect to age and shows 

that phheomena have been reported at every age from 0 days (several during 

solar eclipse !) to ~8~ (also seen in Figures 1, 2 and 4). 

The h ~ o t h e s e s  considered here were the main suggestions offered as to the 

causes of t b s e  phenomena. The librational tidal component as considered by 

Chapma ((1967) was not undertaken in these analyses. This varies for different 

areas of the moon and an extended analysis of the three components, period, ec- 

centricity and libration might show a higher correlation for tidal effects than 

found here and may then account for the strong perigee correlation found in the 

lunar seismic A events. One can, however, t ry  other possibilities, e.g., im- 

portance of size and power of the telescope, kind of telescope, and whether re- 

fractor o r  reflector, or the role of seeing or  atmospheric effects. These data 

were not an:rlyzed here but a r e  included when known in Table I. 
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BY, 1FDOSS:BLE EFFECTS FOR SPECIFIC TYPES OF PHENOMENA 

In regard t o  seeing or  atmospheric effects, private communications and consid- 

eralalie tho~ight have indicated that some of the observations a re  related to, if not 

due to, atmospheric effects. Such observations a r e  the class of brightenings in 

two mdfestat ions  , one characterized by pulse-like r ises  ( ~ 1 / 4 ~  ) in brightness 

of an area, and the other in which the length of time to come up in brightness is 

from 1-5 " . They a re  usually reported by observers with small-aperture tele- 

scopes (< 12 in.), but have been reported in telescopes up to 48 inches. They a re  

seen at a_toul elevations but rarely o r  not at  all at  high elevations of the observer. 

One observer, L. Bornhurst, now at  Mt. Wilson Observatory, in private conver- 

sation said that he sees these phenomena in his 10-inch reflector down in the 

valley in  California but not on the mountain either in his own telescope nor in 

those of the observatory. J. Dunlap, at Corralitos Observatory, New Mexico, 

has repeatedy searched for them when they have been reported on the Astronet, 

but without success. It is unlikely that they would be detected by his moon-blink 

equipment because of the short duration, but he also has small visual telescopes 

in which the brightenings a re  not seen either. The observatory is located in the 

msmtains. These facts suggest that atmospheric effects a r e  acting. These 

phenomena frequently, however, have been seen simultaneously by several ob- 

servers separated by distances from 25 to thousands of miles ! They have also 

been photographed (Calkins, private communication). In addition, they occur in 

only certain lunar areas which strangely have totally different characteristics. 

Two such a,ireas a re  Aristarchus and Grimaldi, the brightest and darkest spots 

on the moorl respectively. The brightenings a r e  confined to small spots in some 

cases md I.arge areas, -100 miles long in others. (J. Dunlap reported at a 



Table VII. BARTLETT'S ABSENT BLUISH PHENOMENA AT ARlSTARCHUS 

No.l Date I Time (UT)i Age 1 Mean 
Anom 
- 

.06 
.13 
.52 
.56 
.63 
.05 
.89 
.92 
.04 
.95 
.30 
.49 
.57 
.58 
.77 
.39 
.63 
.71 
.93 
.93: 
.65 
.54 
.55 
.99 
.06 
.14 
.17 
.27 
.30 
.27 
.34 
.34 
.45 
.49 
.78 
.51 
.54 
.73 
.60 
.63 
.67 
.oo 
.16 
.79 
.53 

.61 

.68 

.75 

.77 

.66 

.!O 
- 

Remarks 

S. fl. graii. 

blue 15'' earlier 

blue l h  later 

obsc. on riii i 

s. f i .  gran. 

s. fl. gran. 

blue i h  lzter 

*Not included in analyses, quantities added here later. 



meeting in Houston on September 15, 1970 on unpublished observations with the 

Corralitos moon-blink equipment in  which variations in color, mostly an excess 

in the blue occur on the moon, especially near Aristarchus.) Some brightenings 

have been seen with the naked eye, even near full moon, but the duration of these 

have been longer. These other facts argue against atmospheric causes unless 

they are of an unknown nature. Atmospheric effects, e.g., scintillation and image- 

motion, we-ire immediately considered, tested by observers and the lunar phe- 

nomena were found not to be due to the common kinds of terrestrial seeing o r  

atmospheric scintillation effects. Also, they a r e  often seen when the moon is 

highest in the sky (although still low altitudes during crescent phases) and stop 

or  &sappearlr at lower altitudes in the sky during the observation periods (Born- 

hurst , private communication). 

Another kiicd of phenomenon included under brightenings in this paper is the 

star-like points frequently reported, even by such eminent observers as William 

Herschel. Until recently, the author had never observed any temporary phe- 

mmena on the moon even though having often looked for them. Twice now I have 

seen a few star-like points, all occurring a t  the same time. One was during 

totality in a lunar eclipse, the other during the crescent phase. In both instances 

they were somewhat temporary, but also a function of magnification and possibly 

aperture, In the case of the eclipse, the star-like points were not seen during 

the first hour of observation in a 12-inch reflector at  250X but later were seen 

in a 6-inch refractor at  50X but not in a 36-inch reflector at 400X. Some minutes 

later they vrere seen in the 12-inch at  250X. In the second instance, at  crescent 

phase, they were not seen in the 12-inch at  250X but were immediately apparent 

at 80X. They were not visible the next night in the 12-inch at  either power. 



Another puzzling aspect of the latter observation was that although all. the star- 

like point features were very bright craters, only a few of the myriatls of very 

bright craters partook of this behavior. The points were extremely minute in 

angular dimension and with respect to the size of the crater in which they ap- 

peared. During totality they were located in the center of the crater and in the 

crescent phase were located on the illuminated wall in the same georr etry in the 

20 or  so craters that showed this phenomenon. I suspect that it was the point 

normal to the incident rays of the sun (in both observations). They may be due 

to glints off facets of the rocks or some special kind of reflecting material* The 

fact that they a re  star-like points rules out the earth's atmosphere and. indicates 

that they a re  0.5 - 2" in dimension which equal 0.5 - 2 miles at  the moon's sur- 

face (Mikesell, P .  6.).  If this is the case, it is puzzling that they a r e  not seen 

at  every lunation and that they were seen one night but not the next night under 

similar, very good observing conditions. The point would be expected to be these 

but perhaps in a different location on the wall. Also, star-like points were fre- 

quently seen in ashen light by others as  well as  during eclipse and in direct sun- 

light. Clearly, this phenomenon needs explaining. It may be an instrumental 

effect, but there a re  several puzzling aspects concerning the matter. More ob- 

servations aad specific tests need to be made. 

RELATIONSHIP PROBABLE LUNAR INTERNAL ACTIVITY 

Even if the matter of the short-lived brightenings and star-like points could be 

considered as  explained by instrumental, atmospheric, and geometric effects, 

there are other phenomena that seem to represent genuine, abnormal situations 

on the moon. There a re  too many instances of obscuration or mists reported in  



which a, portion of a crater o r  feature (e.g., a peak) was fuzzy or  blotted out, 

while everything else around was very sharply visible. The fact that these a re  

seen in ody certain features (e.g., Piton, a mountain with a summit crater, 

situated on 9 mare ridge, or Plato, with its dark, flat floor, generally agreed to 

be of volcanic composition) suggests that these a r e  lunar phenomena and not ter- 

reskial. In fact, the whole body of reports a re  confined to fewer than 100 fea- 

tures, and of these 100 only a dozen a re  involved in about 80% of the observations, 

with Aristarchus making up about a third of the total. 

Middlehwst and Moore (1967) and W. Cameron (1967) independently have shown 

that the LTP sites a re  not randomly distributed over the moon's face, but instead 

are closely associated with the edges of the maria. There is a noticeable avoid- 

ance of the highlands of the moon. The mare surfaces a r e  volcanic a s  deduced 

in several ways and strongly supported by the Surveyor analyses and samples 

rehrned by Apollo. The association of the LTP with the maria itself suggests 

an ixiermali origin for most of the LTP , but there is still further evidence at hand. 

F i p r e  7 shows the results of a study by the author (Cameron, 1967) of the distri- 

butions of two kinds of features that a r e  thought to be volcanic by most selenolo- 

gists. This figure shows the distributions of dark, flat-floored craters, others 

of a ring&ke character, and of the LTP sites. It can be seen that all three dis- 

tributions are  very similar; in fact there a re  many coincidences of two and even 

all three types, e.g., Posidonius. If other volcanic features a re  added, such as  

the sinuous :rills (Sehubert et al. 1969), domes (Arthur, 1962), rills (Baldwin, 

1963 : Arthur, 1962), and dark-haloed craters (Salisbury, 1967), the evidence for 

internal origin becomes overwhelming. The maria present evidence of subsidence 

(OSKeefe and Cameron, 1962) and their boundaries would be regions of instability 



Figure 7. P lo t  o f  the distr ibutions o f  three types o f  features on the moon. (1) The: dark patches 
mark craters wi th dark, f l a t  floors, material conceded to be volcanic; (2) ovals are 
lunar features resembling terrestr ial ring dikes according to  a study by the author, 
which also suggest evidence for lunar volcanism; and (3) stars indicate s i tes  of itanas 
transient phenomena. Note the similarity (some coincidences) of a l l  three dist r ibut ions 
and their associations w i th  the edges of the maria (a lso sires oC volcanic act ivi ty)  s ~ g -  
gesting that  most o f  the L I P  are manifestations o f  internal act iv i ty .  I f  we added here 
the similar distr ibutions o f  the sinuous r i l ls ,  domes and dark-haioed crctess, the FmpEi- 
cation that L T P  are manifestations o f  internal ac t iv i ty  i s  even more strongly sepported 



and therefore likely sites for the escape of material through fissures and vents. 

The internal activity must be mostly in the form of gentle degassing-leaking of 

gas---md not volcanic on the terrestrial scale. If there were much of the latter, 

permme& changes would be expected to be observed, which is not the case. A 

few of the events seem to be of a magnitude that suggests volcanism, but most 

a r e  not, H~~r tmann and Harris (1968) have made calculations that suggest that 

the first Greenacre and Barr observation involved a volcanic phenomenon. The 

description,s, which include sparkle and motion, suggest electrostatic effects 

(light~ng) ~vhich frequently accompany volcanic activity. (This was also sug- 

gested by Mills , 1970 .) Greenacre (private conversation) has remarked that 

Schr8$es% "Valley seems to have undergone morphological changes since he be- 

gan observirlg it. Most of the naked-eye phenomena were seen either before the 

invention sf the telescope, or in its infancy, and any surface changes that may 

have come firom these events would not have been detected then. It is possible 

that a very thin ash deposit may not differ sufficiently in color from the under- 

lying terrain to be detected in telescopes even now. 

A few events have been recorded spectrographically; the constituents or gases 

identified were C 2 ,  H 2 ,  and N2 (Kosyrev, 1959, 1963, 1969), which a re  common 

eonstituenter in terrestrial volcanic gases. The Apollo 11 and 12 results reported 

in The Moola Issue (Science, 1970) indicate that there is little water in the moon 

in these two places at least, even a s  hydrated minerals. In fact, C1 and F have 

filled the crystal lattices rather than OH or H,O (L. Walter, private communi- 

eation), Mxre Tranquillitatis is not one of the sites of the features from which 

obscurations are  usually reported and the Apollo 11 results probably explain 

why. By irmltcerence then, perhaps Serenitatis, Imbrium, and other sites have 



different compositions from Tranquillitatis. They do differ in color also 

(Whitaker, 1966); i t  has been suggested that the difference is due to possible 

compositional differences. A study by the author (Cameron and Coyie, 1969) also 

indicates differences in condition (and probably composition) between 25. Tran- 

quillitatis, S. Medii, and 0. Procellarurn. The recent announcement of 1mar 

seismic activity (Latham, 1970) is exciting because of i ts  likely periiinerace to the 

lunar transient events. So far for the few events designated A-type there is a. 

strong correlation with perigee (only). The probable site of the seismic activity 

is in F r a  Mauro, a site thus far not reported a s  an LTP Site. However, it is a 

site of fissures and other volcanic features. Perhaps the release of gas here is 

so slight and so quick that i t  has escaped detection from earth thus f a r ,  

VI. CONCLUSIONS 

From the analyses in the present paper, results from other lines of study md 

long and thoughtful consideration of the reports, i t  i s  concluded that the LTP are 

generally of internal origin and not much subject to external influences--at best 

only weakly so. The phenomena seem to be of several kinds and maty involve gas 

o r  a gas-and-dust mixture, luminescence of these gases, and possibly lumines- 

cence of surface materials. Studies of the latter effect (Greer and VJeber 1969, 

Nash 1966, Ney - et al. 1966 and others) have indicated that the efficiencies of the 

luminescing constituents and the source energies for excitation a re  l;possl.y in- 

sufficient to account for the lunar events. Recently, Blair and Eddin@on, 1968, 

have made further studies and find combinations through coating that might work, 

There seems to be something about sunrise that renders the phenomena most 

visible. It does not seem to be low-angle illumination alone because the effect 



is only ves y weak at sunset conditions. Perhaps the thermoluminescence 

m e c h d s m  proposed by Blizard (1967b) and Sidran (1968) contribute all o r  part 

of the effect that these reports represent. Ultraviolet excitation may also stimu- 

late luminescence when the gases have escaped during the lunar night. Perhaps 

all three effects are  operating together to make the strong sunrise correlation 

found in most of the analyses here. Added to this must be a component-possibly 

very strong-of observational selection in that the best time to observe a feature 

is near the terminator and that the sunrise terminator is observable at convenient 

allad more t:omfortable times of the night than the sunset terminator. This re- 

mark does not pertain to the eastern features, however, and still there a re  not 

very many reports of phenomena near sunset for any features. The fact that 

most features show a correlation with full moon suggests that the earth's mag- 

netic tail may be influential, exerting some kind of effect, perhaps through the 

mechadsm suggested by Speiser. One would not expect large numbers of ob- 

servations around full moon because of the lack of detail visible at this time 

therefore :relatively uninteresting to most observers, hence the surprise that 

I/$ to 31,"s of all observations occur then, suggesting a causative influence. For 

m event tco be seen from earth means that the energy involved is of the order of 

the energy of direct sunlight. Such energy requirements have been shown to be 

unaaainabls by solar particles alone, even from solar flares (Nash, 1966; Ney 

et al, , 196 5) although Kopal, (1966) shows otherwise. The mechanisms proposed - 

by Speixer and by A. G. W. Cameron would have to increase the original energies 

of these particles by a factor of l o 2  at least. The data and analyses show some 

correlation here and suggest that Speiserf s mechanism may be supplying enough 

increase i n  energy to have an effect. More theoretical work will be required to 

verify this, hypothesis. 



Each of the hypotheses tested shows some correlation with the observational 

data to varying degrees. The correlations, in general, in descendingg order of 

likelihood a re  with sunrise, magnetopause, tidal (perigee), solar, bow-shock 

front, and low-angle (sunset). For all Aristarchus (in terms of O/E) tho order 

is sunrise, magnetic tail, solar, bow-shock front, tidal, and low-angle illumina- 

tion. (S.S.) For All Sites the order is sunrise, solar, magnetic tail, tidal, bow- 

shock front, and low-angle illumination (S.S.), In terms of highest percentage af 

total observations for hypotheses, the descending order of correlations was, for 

all Aristarchus (narrowest limits), magnetic tail, tidal, sunrise, solar and low- 

angle illumination. For All Sites (%) was respectively, magnetic tai l , smris e , 

tidal, solar, and low-angle illumination. A surprising 28% of 770 ob,3esvaMons 

of all sites occurred within two days of full moon and 22% came witllin 1 day of 

sunrise on any feature reported. The corresponding percentage for perigee was 

13%, little excess over the 10% to be expected on a randdm basis. 

Considering everything shown by the data and also other possibiljities, such as 

selective observational effects , difficulty of providing energy r e q ~ r e m e n t s  by 

external causes, similarity of behavior of absent phenomena to that of present 

phenomena, capriciousness of the behavior of the data for different categories 

and different sites, the progression of observations around the lunar orbit, o r  in  

phase, the author is skeptical of the reality of decisive external influences; the 

activity seems to be of internal origin and occurs almost at  random, The &stri- 

bution and association of the LTP sites with the volcanic maria supports this 

conclusion. The recently announced lunar seismic events may point to other 

sites at which events may occur. 



Gompwisorb of one observer's finding with othersf may have revealed physio- 

logical &ffc?rences in that he may, for example, be particularly sensitive in the 

blue md eo:n~paratively deficient in the red. What he reports as  violet or blue 

g lue ,  others may see as  colorless bright areas. He does not report anything in 

the k u e  recis, pinks, or  orange colors. He does however, see colorless and 

b1~sl-n obselurations. His gaseous phenomena exhibit similar tidal behavior to 

the redash  phenomena reported by others (but the latter differ from their own 

gaseous mcll his) but depart from them in the lunar age plots. It is very likely 

that his reddish phenomena a re  observations revealing ground color seen in the 

absence of any obscuring medium. 
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