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Report on the  ALP0 LTP Observing Program 

by 

Winifred Sawtell Cameron 

The formal program f o r  observations of Lunar Transient Phenomena 

(LTP) f o r  t he  Association of  Lunar and Planetary Observers (ALPO) was 

f i r s t  announced i n  t he  June 1972 i ssue  of  S t r o l l i n g  Astronomer. I n  t h i s  

i s sue  the  suggested methods of observation were given, and the  c a l l  f o r  

observers was made. The g ra t i fy ing  response e l i c i t e d  32 observers (1/6 

of whom a r e  women) showing i n t e r e s t  i n  observing f o r  t he  program (alpha- 

be t i ca l ly  l i s t e d  i n  Table 1) .  The response i n  observations,  however, i s  

somewhat disappointing as  only some s i x  obs e w e r s  have reported with any 

regular i ty  i n  the  15 months t h e  program has been operating. Three o thers  

( a l l  from countries o ther  than the  U.S.) have sen t  i n  a few repor t s ,  

usual ly of fea tures  othe:- than those assigned t o  them. Each observer 

was assigned four  LTP s i t e s ,  one non-LTP comparison s i t e ,  and one of 

Latham's Seismic Zones. 

The main object ives  f o r  t h e  program are:  (1) t o  monitor LTP s i t e s  

and non-LTP comparison s i t e s  f o r  normal as well  a s  abnormal aspects 

i n  z random night  observing format; (2 )  t o  e s t ab l i sh  quan t i t a t i ve  albedo 

scales  fo r  each f ea tu re  f o r  each s u n l i t  day ( t o  decrease o r  e l iminate  

the  waxing phase b i a s  of h i s t o r i c  observations);  (3) t o  e s t ab l i sh  a 

quan t i t a t i ve  seeing sca l e  based on the  behavior of a s t a r ' s  d i f f r a c t i o n  

disk. The f i r s t  s t e p  f o r  the  observer was t o  s e t  up h i s  own albedo 

sca l e  by observing a t  f u l l  moon and t o  produce a gray sca le  based on 

Elger l s  gray sca le ,  with e i t h e r  penci l  shadings o r  exposed f i lm  o r  paper. 

The goal of randomness required t h a t  s i t e s  be observed a t  a l l  ages 

of the moon (sca t te red  i n  time) both while t h e  observed f ea tu re  was 

s u n l i t  and i f  possible  while it was i n  darkness too. Each f ea tu re  was 



Table 1. LTP Program Observers 

No. of No. of  
Nights Features 

Telescope(in. ) Obs . Obs. Observer 

S. Anthony 
I - J.  Bar t le t t*  

I .  Beck 
J. Benton 
R. Borek 
G. Chevalier 
F. Dachille* 
L. da S i lva  
E. Davis 
k. Delano** 
R. Dezmelyk 
R. Engstrom 
J. Fontana 
M. Fornarucci 
E. Frank 
J. Galgocy 
I). Gens 
D. Harrold* 
R. H i l l  
ti. Huddleston 
P. Jean 
2. Kleinman 

, T. Lynch 
' L. Maleske 

B. McCellan 
G. Persson 
R. Peterson 
A. Porter  
ti. Ste l ze r  
T. Traub 
M. Valentine 
G.  Vargo 

( 6  Assoc. ) 
J. West 

Locat ion 

Warren, PA 
Baltimore, I l D  
Wadsworth, OH 
Savannah, GA 
Lancaster, CA 
Quebec, Canada 
Univ. Park, PA 
Curi t iba,  Brazil  
Youngsville, PA 
Taunton, !!A 
Newton Square, PA 
Warren, PA 
Peekski 11, NY 
Garfield,  NJ 
Hopkins, MN 
Philadelphia,  PA 
Youngsville, PA 
Cleveland, OH 
Greensboro, NC 
Mesquite, TX 
Montreal, Canada 
Harrisburg, PA 
Pittsburgh, PA 
Las Cruces, NM 
Canoga Park, CA 
Hvidovre, Denmark 
W. Palm Beach, FL 
Narragansett, RI 
River Forest,  IL 
Warren, PA 
Clarendon, PA 
Pittsburgh, PA 

Bryan, TX 8 L 
TOTAL 117 

*Part time observer 
**Observer on another program repor t s  phenomena and sometimes normal aspects  t o  me. t 

a ( ) Pr io r  t o  June 1972 

1 R = Refractor 
5 L = Reflector 
h 
F 



t o  be observed a t  l e a s t  twice, with observations a t  l e a s t  10 minutes 

apart .  In  order  t o  produce albedo t ab l e s ,  every time a f ea tu re  was 

observed, each point  was t o  be monitored and i t s  albedo estimated 

using the  establ ished gray scale .  Several points  i n  the c r a t e r  were 

t o  be chosen with one on the  nearby north o r  south p l a in  as 3 comparison 

point.  North o r  south was des i rab le  i n  order  t o  maintain the  same 

re la t ionship  t o  the terminator as  thz  feature.  Idea l ly ,  several  s e t s  of 

albedo estimates f o r  each s u n l i t  day of a lunation would be obtained 

over a long period. Eventually, albedo charts  even f o r  each few degrees 

of colongitude might be produced. B a r t l e t t  f o r  Aristarchus (1967), 

Proclus (pr iva te  comnunication) and Vaucher (1973) f o r  Alphonsus have 

reported albedos i n  such a manner. To date ,  only one f ea tu re  (v iz ,  Dawes) 

appro,!,:hes the  idea l  of measures f o r  each day of age; therefore,  it w i l l  

be the one t h a t  I w i l l  most f u l l y  analyze here. 

Procedures t o  produce a seeing s c a l e  were described i n  the  June 

1972 i s sue  of - S t r o l l i n g  Astronomer (W. Cameron, 1972). I t  should be 

emphasized here,  though, t h a t  i n  order  t o  produce a standard quant i f ic -  

a t i o , ~  of seeing conditions the  observer always should rack the eyepiece 

the same amount; e.g., one complete turn ,  and i n  the  same d i rec t ion ,  e.g., 

clockwise; and estimate t he  amounts of t h e  two motions of t h a t  d i f f r a c t i o n  

disk:  (a) amount of expansion, and (b) amount of excilrsion of the  image, 

i n  terms of f r ac t ions  of the  f i e l d  of view (FOV) of h i s  telescope. A 

more accurate method of determining the  s i z e  of t he  expanded (and small- 

e s t )  disk would be t o  time first the  i n t e r v a l  between successive d r i f t i n g  

disappearances of t h e  e a s t  and west edges of t he  d isk  ( s e t  a t  t he  edge 

of the  FOV) of the  f i e l d  of view, and then the  i n t e r v a l  of time it takes 

the  image t o  d r i f t  across the  whole f i e l d  of view. The i n t e r v a l s  of time 

between successive blow-ups t o  t h e  l a rges t  disk should a l s o  be timed. 

The amount of expansion gives an est imate of  t h e  amplitude of t h e  wave 

t h a t  causes b lu r r ing  (Baker, 1950), and the  i n t e r v a l  between expansions 

gives an estimate of t h e  wavelength. The excursion motions, i n  turn,  



give est imates  of t he  other  type of "seeing" aberrat ion -- s c i n t i l l a t i o n .  

One type or ig ina tes  from turbulence a few f e e t  above the  ground and 

the  other  from turbulence a t  a higher  a l t i t u d e .  

In the  period June 1972 through August 1973 a t o t a l  of 1;7 observ- 

ing nights  were reported. A few more were reported p r i o r  t o  June 1972. 

Among these 117 nights  (75 with albedo measures) were 13 lunar t rans ien t  

phenomena (Table 2 ) .  Five of t h e  13  were reported on nights  when 

other  negative observations were reported and e ight  were of phenomena 

only. With r e l a t i v e l y  few observers report ing,  t he re  were no coincidences 

of datzs ,  times, and fea tures  i n  t he  observations. The nearest  coinci- 

dence i n  time was 14 hours, but observations were of d i f f e r en t  fea tures .  

O f  t he  t h i r t e e n  nights  of pos i t i ve  repor t s ,  f i v e  were of non-LTP 

s i t e s .  Three s i t e s  had two repor t s  each: Aristarchus, Lye11 (or near 

i t ) ,  and Calippus (or  near i t ) .  I consider e i g h t  of the t h i r t e e n  

pos i t ive  repor t s  as probably t r u e  phenomena (one of which was given 

as  a non-LTP, but I r a t ed  it s imi l a r  t o  o ther  LTP repor t s  and l i s t e d  

it as one). There a r e  o ther  cases (e.g., Dawes) where LTP were not 

reported, o r  ra ther ,  reported as  normal, but  i n  which the  albedos ind i -  

ca t e  anomalies. In most cases,  however, t he re  a r e  s t i l l  not enough 

observations f o r  the  same age t o  e s t ab l i sh  the  normal albedo f o r  t h a t  

age. In one LTP repor t ,  the  observer noted a brightening of t h ree  of 

h i s  po in ts  (but two remained s teady) .  In t h i s  case (Dawes), however, 

other  nights  of reported albedos a t  the  same age suggest t h a t  t h i s  ob- 

se rver  witnessed the  ending of a dimming phenomenon and the  re turn  t o  

nomal .  Such changes can be confirmed when we have the  average of 

several  albedo measures fo r  a given age (or  small range of colongitudes) 

f o r  each feature.  The outlook seems promising, and the e f f o r t s  of these  

observers w i l l  e s t ab l i sh  f o r  t he  f i r s t  time a quan t i t a t i ve  bas i s  f o r  

comparison and detect ion of r e a l  lunar anomalies. 
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The estimates f o r  "seeingw conditions a r e  es tab l i sh ing  a quailt i t a -  

tivts base f o r  t h i s  usual ly a r b i t r a r y  and subjec t ive  estimate.  Some of 

t he  r e s u l t s  have been surpris ing.  Judging from the  reported s t a r  disk 

motions, I would have expected the  estimates of very good seeing t o  

accompany small expansion disks and long time i n t e r v a l s  between expansions 

and excursions. Instead, observers have reported seeing conditions a s  

excel lent  when the  disk behavior suggested turbulence! (See Table 3. ) 

Again, i t  i s  too ea r ly  t o  e s t ab l i sh  a t a b l e  of disk motions with a re- 

l a t ed  l e t t e r  o r  numerical sca le  such as the  Antoniadi s ca l e  of seeing. 

The time i n t e r v a l s  between successive s imi l a r  motions are very important, 

espec ia l ly  f o r  comparison with var ia t ions  of lunar  phenomena. I f  t he  

var ia t ions  a r e  synchronous with the  s t a r  d i sk  motions, it  i s  probable 

t h a t  those var ia t ions  a r e  due t o  t e r r e s t r i a l  atmospheric phenomena. 

On the  o ther  hand, i f  they d i f f e r  i n  timing, t he  phenomena a r e  l i ke ly  

t o  be t r u l y  lunar r a the r  than t e r r e s t r i a l .  The observers who have been 

report ing have shown t h a t  t he  object ives  of t he  program can be obtained. 

I t  i s  urged t h a t  others  who have expressed a des i r e  t o  p a r t i c i p a t e  w i l l  

indeed do s o  whenever possible .  

For some of the analyses t o  follow, I w i l l  use t h e  f ea tu re  t h a t  

has the  most complete record, v iz ,  Dawes. The observer of Dawes has 

been rewarded with catching a phenomenon i n  t h i s  fea ture ,  and, i n  f a c t ,  

i n  another of h i s  fea tures  (Godin). Thus he has seen two phenomena (pos- 

s i b l y  &re) out of 40 nights  of observing which represent  86 separate  

times a r~d  130 point  observations (of which 35 were involved i n  t h e  

phenomena)! I conclude tha t ,  based on h i s  experience, one can expect 

t o  s ee  a reccgnizable phenomenon with a frequency of l e s s  than once i n  

10 times of observing. 

Table 3 lists a l l  t h e  observations Eor Dawes reported through 

August 31, 1973, with auxi l ia ry  da ta  from which analyses were made. 

Table 4 is t h e  albedo chart  f o r  t h i s  feature.  One can see  from Table 

4 t h a t  only 2 days a r e  lacking measures for  t h e  whole age cycle  when 
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t he  fea ture  i s  sun l i t .  The sunr i se  and sunset l i nes  a r e  averages f o r  

these ages as  they can s h i f t  by 1 112 days e i t h e r  way, depending on the  

shape of t he  lunar o r b i t ,  which changes i t s  e l l i p t i c i t y  i n  a 14-month 

cycle.  (See Figure 1.) Note t he  LTP observations compared with estimates 

fo r  o ther  dates  a t  age 9 days i n  Table 4. (There a r e  three  night,s of 

observations f o r  t h i s  age.) For the LTP estimates ( f i ve  f o r  each point)  

the f i r s t  estimate was four  ( for  po in t  A ) ,  the  nex - a few minutes l a t e r  

was s i x ,  and following estimates remained higher. Similar ly f o r  points  

C and D the  f i r s t  estimate was low and the  l a t e r  ones were higher.  

Note a l so  t h a t  point B and point  E ( the  nearby p l a i n  comparisc.~ point)  

did not change. Note a l so  t h a t  the  measures f o r  o ther  dates a r e  t he  

higher ones, except f o r  point  D. This i s  the  bas is  f o r  my suspicion 

t h a t  the  observer ac tua l ly  saw the  end of a dimming phenomenon and t h e  

re turn  t o  normal. 

I have analyzed the  observations f o r  several  hypotheses s imi l a r  

t o  my previous analyses i n  several  papels (W. Cameron and Gilheany, 1967; 

W. Cameron, 1967; W. Cameron, 1971; and W. Cameron, 1972). Figure 2 shows 

two panels,  t he  panel on the  r i g h t  giving the  anomalistic phase histograms 

( t i d a l  e f f e c t  hypothesis) f o r  Dawes (Porter 's  observations),  fo r  a l l  

.observations (mostly normal) received through August 1973 which con- 

ta ined albedo measures (75 n ights ) ,  and f o r  the  LTP phenomzna. The 

o ther  panel on the  l e f t  shows histograms of t he  same observations with 

respect  t o  the  moon's age. 

The f i r s t  t o  be discussed i s  the  t i d a l  hypothesis. :or t he  t i d a l  

hyiathesis  (anomalistic phase Bd) = - (P2 = following perigee 
P 

date ,  Pi = preceding perigee date  surrounding t h e  da t e  of observation [d), 
and P = P2 - Pi i n  days). Perigee surd apogee are indica ted  by v e r t i c a l  

l i n e s  labeled P and A. Examining the  anomalistic phase histogram+ one 

notes t h a t  there  a r e  two peaks f o r  t h e  normal aspects  r epo r t s  and f o r  

Dawes -- t h e  higher one at &j = 0.3 and t h e  o ther  a t  0d = 0.0(1.0), i .e., 

perigee. The f i r s t  t h r ee  poin ts  are repeated at t h e  r i g h t  edge, labeled 





REPEAT. If observations were evenly distribt ,d, the bars would all be 

equai in height Cindicated by the horizontal line labeled RANDOM); there- 

fcre, the observations were not random or avenly distributed with respect 

to the arc)malistic period. The positive (LTP) reports histogram has 

three peaks and therefore has no correlation in the tidal hypothesis. 

Little reliance can be placed on these results as in all cases we are 

dealing with small samples, especially for the positive LTP reports. 

rhe number of nights of observation are 75 for the negative, 36 for 

Dawes (Table 3) and 13 for LTP (Table 2). In Table 2, the columns are 

mostly self-explanatory (see footnotes). Column 9 is "days froa full 

moon," minus indicating before and plus after full won. C n l m  13 

contains solar data giving max. I(p index (hax) for that day, the sum 

of Kp for that day (CKp) , and indication of a magnetic storm where S.C. 
= sudden commencement and M.S. = magnetic storm. The last column 

(Seeing) gives smallest diffraction disk diam (Sla) in terns of fractions 

of field of view, largest disk d i m  (Lg) and interval in seconds for 

expansion, amount of excursion (Fr) of image in fractions of FOV, and 

interval between excursions in seconds. It also rates the seeing (S) 

on a numerical scale and transparency (T) in magnitudes visible. In 

Figure 1 the relationship of the observations with the shape variations 

of the orbit is shown where, in Green's hypothesis (1965), maximum 

degassing (LTP) would occur at eccentric apogees (Apr. to June, 

Qct. - Dec. 1972, and May to July 1973) and minimum degassing (few or no 

LTP) at minimally eccentric perigees (Aug. - Sept. 1973). We get tro 

observations at the right apagee time but also one at t b  wrong perigee 

time, and all the rest fall at the in-between times with no tidal cor- 

relation. 

The age panel (Figure 2) has vertical lines indicating the approxi- . . . 
mate ages that the moon enters and exits the bow-shock front (BSP) and .i 

magnetopause (MP) of the earth's magnetic tail and the approximate sun- ) 

rise and sunset ages for Dawes. Tm, variations of the second hypothesis 
(Speiser, 1965, 1967; A. Careron, 1964) suggest energetic effects of 

; s. 
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Figure 2. Histograms of the Normal Aspects, Dawes, and LTP Observations 
with respect to the Moon's Age (left panel) and the phase of the 
anamalistic period (right panel). Vertical lines indicate approximate 
locations of the boundaries of the bow shock front (BSF), magnetopause 
(F.1P) of the earth's magnetic tail, perigee (P), and apogee (A). 
Phases are indicated symbolically at the bottom. The horizontal lines 
marked iWYDOEI indicate the number of observations per unit if the 
observations were distributed at random (evenly). 



the magnetic t a i l  on so l a r  p a r t i c l e s  which a r e  focused on the  moon and 

exc i te  surface mater ia l s  o r  escaped gases.  Low-angle i l luminat ion 

e f fec ts  would be expected near sunr i se  and sunset.  The one LTP i n  

Dawes has no sunr i se  o r  magnetic t a i l  cor re la t ion .  I t  does have 

perigee and so l a r  p a r t i c l e s  cor re la t ions .  There a r e  several  peaks f o r  
* P 

the LTP group, one of which occurs within t h e  magnetopause, ind ica t ing  

a possible  cor re la t ion  with magnetic t a i l  e f f ec t s .  The four th  hypothesis 

considered i s  the  d i r e c t  influence of so l a r  plasma [Kopal, 1966) a s  

correlated with simultaneous (or nearly simultaneous) t e r r e s t r i a l  mag- 

n e t i c  s t o m s  (when energet ic  s o l a r  plasma i s  bombarding both the  

ear th  and moon nearly simultaneously). In t h i s  respec t ,  t he  Dawes LTP 

occurred not only a t  perigee, but a l s o  when energe t ic  so l a r  f l a r e  

plasmas were s t r i k i n g  the  moon and ear th ,  a s  a magnetic storm was i n  

progress on the  ear th.  Since only Dawes and Calippus, 22 h r  l a t e r ,  were 

reported a s  anomalies (although t h e  whole moon was not being monitored), 

surface cha rac t e r i s t i c s  a t  these  places must be s tudied t o  determine, 

i f  t he re  i s  a s o l a r  p a r t i c l e s  e f f e c t ,  why some places respond t o  par- 

t i c l e s  and o thers  do not. There a r e ,  however, cor re la t ions  of LTP i n  

general (W. Cameron, 1972) with the  e a r t h ' s  magnetic t a i l  and f o r  

h i s t o r i c  Proclus da t a  with d i r e c t  so l a r  p a r t i c l e s ,  which a r e  s t i l l  

maintained i n  the recent da ta  (see Table 5). There were s i x  sudden 

commencements of magnetic storms from October 1972 through April  1973, 

and possibly th ree  more magnetic storms without sudden comn.encements. 

If LTP ac tua l ly  occurred randomly, one could es t imate  >;hat per- 

centage of observations would be expected t o  occur within a r b i t r a r i l y  

prescribed l imi t s  f o r  each of  t he  competing hypotheses. Under t he  t i d a l  

hypothesis, f o r  zxample, i f  the  observations were considered i n  incre-  

ments of one-tenth of an anomalistic period (perigee t o  per igee) ,  then 

observations f a l l i n g  within one-tenth of a period of  per igee would const i -  

t u t e  a cor re la t ion .  On t h i s  bas i s ,  p lus  o r  minus one-tenth of a pe.:iod 

equals 20 percent. One would expect then, i f  they occurred a t  random, 

t h a t  20 percent of t he  observations would occur 2 O.lP, with t h e  same 
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4 10 18 1.8 
36 36 

1 10 1 8 0.8 
36 36 

L 20 1_ 19 1.0 
36 36 

1_ 20 4 11 0.55 
36 36 

1_ 20 9 25 1.25 
36 36 

16 40 11 31 0.8 
36 36 

1 4 14 3.5 - 
36 36 

1 4 L 3 0 . 7 5 0 . 5  - 
36 36 

3 8 9 25 3.1 - 
36 36 

3 8 2 -  8 1 . 0 1  - 
36 36 

6 16 f?_ 17 1.1 - 
36 36 

- 11 31 33 1.1 
36 36 

16 10 28 1.75 
36 36 

6 16 4 11 0.7 
36 36 

4 1_ 6 1.5 
17 17 

1, 8 1 12 1.5 
17 17 
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1 10 1 15 1.5 
13 13 
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3 20 4 31 1.5 
13 13 

1 40 5 38 1.0 
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75 
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12 16 16 21 1.3 
75 7 5 

16 1_ 9 0.6 
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2 4 L 4 1.0 
48 7 5 

"1 r n ~  1 8 & - 8 1.0 



proportion fo r  apogee. Thus 40 percent of observations should f a l l  

c 0.1P and A. Similarly, sunrise and sunset correlat ions may be con- - 
sidered t o  be observations o c c ~ r r i n g  within 1 day (12') of sunrise and 

sunset. This is equivalent t o  1 day in  25.5 days (considered t o  be a 
lunstion period since the  moon is seldom observed a t  ages < 2d o r  > 2 7 l . 5 )  - - 
fcr sunrise o r  - four percent of the time (and another four percent fo r  

swtjet);  o r  if 2 days a r e  considered the  l i m i t ,  then eight  percent f o r  

si ,~rise and eight  percent for  sunset. For magnetic t a i l  e f fec t s  it 
2 might be - < 2 ld of BSF entrance = - = - eight  percent. In Table 5 25.5 

a l l  percents are  t o  the nearest whole percent and a l l  numbers f o r  Number 

EQected P o .  Exp.) a re  given t o  the  nearest  whole nunber. On these 

ha:.us Table 5 gives the observed and expected percents f o r  tho various 

I:y! otheses, so tha t  all hypotheses can be compared together. Since the  

co!.umns f o r  A l l  Negative and f o r  Dawes a r e  f o r  noma!. aspects of fea tures  

(with one exception f o r  Dawesj, t he  f igures  f o r  observed versus those 

for  expected w i l l  indicate jus t  how near t o  random the  observations were 
0 (summarized i n  the  column -which is  the  r a t i o  of the  observed t o  the  E 

expected i n  percent). Thus the  majority of negative observations were 

almost a t  random with respect t o  the  t i d a l  hypothesis (anoraalistic 

period) -- s l igh t ly  deficient  near apogee. The observations of Dawes, 

however, were almost twice a s  frequent (over randomness) f o r  times 

,rery near perigee, and hai f  a s  frequent (as they would be i f  rand-) 

during the a re  ,lrcllistic period between 0.4 and 0.6 (near apogee). 

The one Dawes LTP came very near perigee (@d = 0.98). The LTP column 

is the  column o f s g r e a t e s t  i n t e r e s t  although the  s a ~ l p l e : n m h o  (13) is 

too spa11 t o  give signif icant  r e su l t s .  One and one h a l f ' a s  many were 
observed as would be expected i f  they occurred randosly f o r  phwes 
very close t o  serigeo and apogee (5 2 0.05 P o r  A), but the LTP's fel l  t o  

0 r m d o ~ f ~ e s s  when the,  l i n i t s  were expanded (C- t 0.1 P o r  A). (Su colvm g, 
i. s., i f  ~lc.mmens occurred near perigee o r  apogee, they occurrud vary near 

one o r  the  other.) 



For low-angle i l luminat ion (or  sunrise)  e f f ec t s  t he  observed 

quant i t ies  cannot e a s i l y  be determined, as these  represent nights  when 

several  fea tures  were observed. Each f ea tu re t  s r e s u l t s  were not assessed 

f o r  t h i s  table .  (The number of observations would be about 200 instead 

of 75.) Therefore, the observed c o l m s  have been designated as  not 

appl icable  (N/A). For Dawes we can see  t h a t  t he  b i a s  toward waxing 

phases i s  s t i l l  bresent -- where 3.5 times as many observations were 

made near sunr i se  on Dawes as would be expected on a random bas i s  while 

the  observed number i s  l e s s  than expected near sunset,  and f i v e  times 

as many were observed near sun r i se  as a t  sunset.  One of t he  objec t ives  

of t h i s  program was t o  reduce t h i s  b ias  as i t  a f f e c t s  s t a t i s t i c s  f o r  

sunset e f f ec t s .  There a r e  some professional  observations of glows 

occurring near sunset (Anon. 1973). In my analyses of > 800 r epor t s  

(W. Cameron 1972), the  h i s t 0 g r . m ~  showed a s l i g h t  peak near sunset but  the  

number of observations was only about lo! I would l i k e  t o  see  i f  t he re  

r e a l l y  i s  a sunset e f f ec t ;  therefore,  I need observations near f e a t u r e  

sunset. Unfortunately, f o r  the  Western Hemisphere fea tures ,  sunset 

occurs a t  the  waning crescent s tages when the  moon does not r i s e  till 

well a f t e r  midnight. This necess i ta tes  ea r ly  morning observations -- a 

d i f f i c u l t  time f o r  people who have o ther  vocations -- a p r a c t i c a l l y  

universal condition. Nevertheless, I make the  p l ea  t h a t  a l l  observers 

make an e f f o r t  t o  ge t  observations f o r  ages l a t e r  than 22 days 

occasionally. Observers sometimes may be compensated by observing 

phenomena a t  those times. 

For the  magnetic t a i l  hypotheses we see  t h a t  f o r  A l l  Negative the  
0 number observed were a t  random s ince  the  r a t i o  is near uni ty,  with a 

s imi la r  r e s u l t  f o r  s o l a r  f l a r e  e f fec t .  In the case of  Dawes, there  was a 

d e f i n i t e  pos i t i ve  b ias  i n  t he  observations f o r  near  f u l l  moon (MP) and 

a negative b ias  f o r  near t he  bow-shock f r o n t  (BSF). The number of  



observations for  so lar  e f fec ts  is  smaller because there was not the 

auxiliai-y information on magnetic storms available fo r  the Ju ly  and 

August 1973 observations. Thus the  s t a t i s t i c s  have even l e s s  meaning. 

They indicate t h a t  more were observed than would be expected on a 

random basis.  

If we look a t  the small sample of LTP observations, we f ind tha t  

almost s i x  times a s  many phenomena were seen near sunrise a s  would 

be expected ($ = 5.75) and twice a s  many near sunset. A s l i g h t  excess 

was observed when the  noon was within the  magnetopause (MP) of the  

earth 's  magnetic t a i l ,  but there was a deficiency with respect t o  the  BSF. 

The surprising s t a t i s t i c  is  the  number of lunar events tha t  occurred on 

the  same day tha t  a t e r r e s t r i a l  magnetic storm occurred (signaling the 

a r r iva l  of energetic p a r t i c l e s  bombarding the  surfaces of both planets) .  

Almost seven times a s  many events were observed as  would be expected on 

a random basis.  This is  the la rges t  r a t i o ;  hence it was c i r c l ed  a s  

showing the  greatest  e f fec t  among the hypotheses. When percentage of 

observations is  considered, we f ind t h a t  46 percent of a l l  LTP occurred 

near sunrise o r  sunset, and 45 percent occurred when a lunar event occurred 

within 1 day of a sudden commencement of a t e r r e s t r i a l  magnetic storm 

(ar r iva l  of plasmas i n  the  earth-moon system). This l i m i t  of 1 day 

means tha t  the a r r iva l  of plasmas a t  the  moon was up t o  1 day sooner 

or  1 day l a t e r  than the  day of the  commencement of the  magnetic storm 

a t  the earth. This l i m i t  is probably too generous, a s  the  a r r i v a l  times 

ought t o  be nearly simultaneous, o r  a t  most, separated by a few hours. 

Note, however, tha t  only 15 percent (about 1/7) occurred near e i t h e r  

perigee o r  apogee -- whizh is f a r  from the  majority af. cases, o r  even a l l  

of then, occurring a t  those times tha t  a r e  frequently quoted i n  the  l i t e r -  

a ture  usually without actual  s t a t i s t i c s .  In contrast  t o  the  15 percent 

near perigee o r  apogee (31 percent f o r  both t i d a l  e f fec t s ) ,  23 percent • 

(about 1/4) occurred within 1 day of sunrise, 31 percent within 1 day of 
sunrise o r  sunset combined (same percentages a s  the  t i d a l  e f f sc t s ) ,  and 23 I 

percent (1/4) occurred while the  moon was i n  the  magnetopause. The la rges t  

individual percentage (27 percent o r  > 1/4) occurred on t h e  same day t h a t  



a magnetic storm occurred on earth.  These s t a t i s t i c s  imply s t ronger  cases 

f o r  t he  o ther  hypotheses than f o r  t he  t i d a l  one. Note a l so  t h a t  the  LTP 

t i d a l  histogram shows no cor re la t ions  s ince  it has three  peaks, one of 

which extends over 0.3 of a period. 

Let us now examine the  observations f o r  albedo behavior. Mr. Vaucher 

(1973) reported on observations of Alphonsus and showed curves of albedos 

vs colongitude in  10' increments f o r  several  points  i n  Alphonsus. He 

noted t h a t  t h e r e  were peaks f o r  br ight  areas  and va l leys  f o r  dark areas  

i n  the  albedo general ly  near ce r t a in  colongitudes,  v i z ,  60°, 1 0 0 ' ~  and 140'. 

In Figure 3 t he  albedo histograms a r e  given for  several  po in ts  i n  t h ree  

features:  Dawes, Proclus, and Alphonsus, The Dawes observations a r e  

from the  ALPO-LTP program from observer Alain Porter ,  Narragansett ,  

Rhode Island, with a 6-inch r e f l e c t o r  a t  about 100 magnificat ;on. The 

Proclus observations (covering about 20 years) a r e  from a p r iva t e  

communication from James Bar t l e t t ,  Baltimore, Maryland, who used a 3-inch 

re f rac tor ,  4-inch r e f r ac to r ,  4-inch r e f l e c t o r ,  and a 5-inch r e f l e c t o r  a t  

various powers from 50 - 300. The Alphonsus in tegra ted  l i g h t  observa- 

t i ons  a r e  taken from Vaucher (1973) and represented as  histograms 

instead of curves. Histograms a r e  appropriate  because the  albedos have 

been averaged i n  increments of 10 degrees of colongitude. Besides t he  

various individual  po in ts  p lo t ted ,  we can choose some poin ts  between 

each f ea tu re  t h a t  might be considered more comparable. For example, 

the  f l o o r  of  Proclus may be compared with t h e  p l a i n  near Dawes and 

the  dark spot on t h e  f l o o r  of Alphonsus. To a first  approximation, t he  

three  areas  show s imi l a r  behavior. The nearby p l a i n  a t  Dawes, howev r, behaves 

more s imi l a r ly  t o  the dark patch on the  west cen t r a l  f l o o r  of Alphonsus 

than t o  t h e  f l o o r  of Proclus. Comparisons can only be made over 130' 

of colongitude (from 4' t o  134'). Sunrise  and sunset  f o r  each fea ture ,  

t he  phases, and t h e  magnetic t a i l  f ea tu re s  (magnetopauses (MP) snd 

bow-shock f r o n t  (BSP)) are indicated on t h e  graph. A t  60' both Proclus 

6 
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Figure 3. Albedo histograms of observations with respect to colongitude for 
specific points within Dawes, Proclus, and Alphonsus for comparison. 
Approximate locations of the bow-shock front, magnetopause of the 
earth's magnetic tail, sunrise and sunset for each feature,and the 
phases of the moon are indicated. 



ana Alphonsus have drops i n  albedo but Mare T r a n q u i l l i t a t i s  ( j u s t  ea s t  

(IAU) of Dawes) r i s e s  a t  100'. Proclus and Alphonsus r i s e  but Mare 

T r a n q u i l l i t a t i s  i s  down. A t  140' both Alphonsus and Mare Tranquil- 

l i t a t i s  a r e  down but Alphonsus r i s e s  and s tays  elevated t i l l  sunset.  

The Alphonsus f loo r  i s  b r igh te r  near f u l l  moon ( in  the magnetopause) 

while M. T r a n q u i l l i t a t i s  and the  f l o o r  of Proclus a r e  darker, though 

Proclus r i s e s  i n  albedo as  the  moon is passing out of the  magnetopause. 

The bow-shock f ront  depresses the  albedo. Averaging a l l  t he  albedo 

measures f o r  each fea ture  ( indicated by horizontal  l i n e  marked AV), 

we obtain 2.8 f o r  Mare T r a n q u i l l i t a t i s ,  2.5 f o r  Proclus f l oo r ,  and 3.8 

f o r  Alphonsus f loo r  (dark patch).  The apparent anomalous albedo 

behavior of Mare T r a n q u i l l i t a t i s  between 60° - 7b colongitude i s  r e a l ,  

f o r  there  a r e  three  nights  with s i x  individual  measures i n  t he  average 

and a l l  were estimated a t  3.0. I t  occurs a t  t he  time t h a t  the  moon 

enters  the  magnetopause of t he  ea r th ' s  magnetic t a i l .  From the  

measures submitted I suspect a poss ib le  LTP (albedo anomaly) i n  Mare 

T r a n q u i l l i t a t i s  a t  350' colongitude. The observer did not report  

it a s  anomalous, even though the  previous night  he estimated the  a rea  

a t  2.5, and the  night a f t e r  it a t  3.0 and 3.5 f o r  an average of 3.25, while 

on t h i s  night (July 17, 1973) he twice estimated it a t  4.5, which is  the 

highest albedo recorded f o r  it of a l l  36 nights.  One o ther  night 

(August 7, 1973) it was estimated twice a t  4.0 a t  colongitude 21'. 

The suspicion of a r e a l  brightening (almost two whole albedo s teps)  

i s  f a i r l y  well-founded a s  there  a r e  f i v e  nights  of observations (with 

1 3  individual  measures), so  t h a t  the  average of 2.9 (without the 

anomalies) from four nights  and 11 individual  measures can be accepted 

with some confidence. This point  i s  one of t he  darkest  p a r t s  of t h e  

moon, being i n  t h a t  dark border between Mare T r a n q u i l l i t a t i s  and Mare 

Se ren i t a t i s .  Comparing the  br ight  areas  of t he  th ree  fea tures ,  v i z ,  

the  west wall point  (B) of Dawes, a b r igh t  peak near t h e  west wall of  

Alphonsus, and the  cen t r a l  peak of Proclus (Figure 3),  again, t o  a f i r s t  

approximation,all t h r ee  areas behave s imilar ly.  In  general,  t h e i r  



behavior i s  almost opposite t o  t h a t  of the dark areas .  Note a l s o  the  

mirror behavior between poin ts  A and C i n  the  Dawes histograms (see 

sketch on Table 3 f o r  locations of points  i n  Dawes). Until  f u l l  moon 

the  cent ra l  peak of Proclus and the west wall peak i n  Alphonsus behave 

, - s imi la r ly ,  and i n  the  -)bases a f t e r  f u l l  moon the west wall of Dawes 

and the  cent ra l  peak of Proclus behave s imi la r ly .  Ther.? i s  a smaller 

var ia t ion  i n  the  Proclus cent ra l  peak than i n  t he  o ther  two fea tures .  

Near 60' Pxoclus and Alphonsus peaks a r e  up and the  Dawes peak is down. 

A t  o r  near 100' Alphonsus i s  up but t he  o ther  two a re  down, while a t  

140' both Dawes and Alphonsus a r e  up considerably. Kepler (Delano, 

1972) a l so  confirms t h i s  140' peak, somewhat l e s s  so f o r  the  60°, but it 

has a val ley a t  100' (converting Delano's days t o  colongitude values) .  

Thus the  r e s u l t s  f o r  t h e  other  two comparable fea tures  supply both con- 

firmation and contradict ion f o r  t he  r e s u l t s  reported f o r  Alphonsus. There 

a r e  enough measures now t h a t  I can do s imi l a r  analyses f o r  a few o ther  

fea tures .  That w i l l  be done i n  a fu tu re  report .  The r e s u l t s  i nd ica t e  

var ia t ions  i n  behavior ok' t he  lunar  surface i n  d i f f e r en t  regions of the  

moon. 

During the  December 7-19, 1972, time periud the  l a s t  Apollo mission 

took place. I asked a l l  observers t o  maintain a watch f o r  a 2-week period 

surrounding the  time the  astronauts  would be i n  t h e  v i c i n i t y  of t he  

moon. The period was t o  be December 7 through December 21, and the  

observers were t o  observe every night  t h a t  weather would permit. Un- 

for tuna te ly ,  the  weather was unconnnonly poor throughout t he  counrr)'. 

The majority of people who sen t  i n  repor t s  reported they were clouded 

out f o r  t h e  mission. O f  t he  25 observers i n  t h e  program a t  t h e  time, 

only f i v e  were ab le  t o  observe. Of these  f ive ,  one, Mrs. Jean of  

Montreal, Canada, using a 4-inch r e f r a c t o r  a t  250X, reported two anomalies. 

On December 11 she noted reddish co lor  a t  Alfr%ganus (a  non-LTP s i t e )  

and on December 14 reddish and yellow colors  a t  Proclus (see Table 3). 

These colors  might have been caused by chromatic aberrat ion,  a defec t  



of r e f r ac to r s  which requires  grea t  care  t o  el iminate  as a cause of colors 

on the  moon. I am uncertain whether Mrs. Jean exercised the  necessar j  

prccautions. Her assigned fea tures  a r e  North Mare Crisium, Maskclyne, 

Ptolemaus,and Copernicus. The albedo measures I wanted my obscrv:rs t o  

make were not reported by her,  and she observed many o ther  fea tures  

besides her  assignments but did not make the  albedo o r  seeing estimates.  

Similar ly,  I have received repor t s  from other  foreign observers about 

fea tures  o ther  than those assigned t o  them,with no numerical albedo o r  

seeing estimates.  I present i n  Table 6 a sample monthly report ing form 

f o r  non-LTP (normal aspect) reports .  This form indica tes  the infoma-  

t i o n  I would l i k e  t o  receive monthly f o r  the s i x  assigned fea tures  

(four LTP, one non-LTP csmparison feature, and one seismic zone). I can 

supply these forms t o  observers. 

In summary, t he  LTP program has been operating f o r  about 15 months 

a t  the  time of th i s  writing. Although more than 30 observers expressed 

i n t e r e s t  i n  joining the  program and were assigned fea tures  (ttlus a l l  

100 o r  s o  LTP features  have been assigned),  only about a ha l f  dozen 

people have sen t  i n  observations more o r  l e s s  regular ly.  In some cases,  

those t h a t  did send i n  repor t s  did so  on fea tures  o the r  than those 

assigned t o  them, o r  i n  addi t ion t o  t h e i r  assignments. Out of 117 

nights  of observations,  there  were 13 on which phenomena were reported. 

Eight of these  nights  were repor t s  of LTP only, and f i v e  were coincident 

with ~ i g h t s  when o ther  fea tures  had normal aspects .  None of t he  LTP 

dates  and times overlap, although two occurred within 22 hours of each 

other.  On another date ,  one LTP and a pecu l i a r  phenomenon ( l i s t e d  a t  

t he  bottom of  Table 3) occurred within a 14-hour i n t e rna l .  In the  

albedo measures reported, there  a r e  several  cases  of suspected anomalies, 

judging from other  albedos reported f o r  tho same lunar age o r  f o r  ages 

f 1 day of  t he  same age. I t  is  too ea r ly  y e t  t o  confirm these suspicions. 



Table 6. S q l e  Ifonthly Reporting Form for  Non-LTP Reports 

Date: 
Observer: 
Locat ion : 
Telescopc 
(kind, aperture, power) : 
Feature: 

Index of Points 

r 

Diffraction disk fraction (largest) :  

Diffraction disk fraction (smallest: 

Excursion fraction:  

Terminat or  features : 

Field of view (FOV) features: 

Altitude of noon: 

Point/Time 

A 

B 

Tine interval  between blow-ups: 

Tine interval  between excursions: 

1 - - -- 

- --- 

I 

C 

D 

E 

Nearby Plain 

U.T 

1 

1 

- -- 

U.T. U.T. 



I t  po in ts  up the  need f o r  several  independent laleasure. f o r  each day of 

lunar age. I t  i s  doubtful whether there  a r e  any r e a l  co r r e l s t i ons  with 

any of t he  hypotheses, although the  number of observations of phcnomt?na 

a r e  too few f o r  s ign i f i can t  s t a t i s t i c s  o r  conciusions t o  be drawn. 

From the  few observers who have more o r  l e s s  regular ly  sent  i~ obser- 

vat ions,  it has been demonstrated t h a t  a catalog o r  s ca l e  of albedos 

can be s e t  up f o r  each f ea tu re  from which o the r  observers can then 

observe the  fea ture ,  estimate t he  albedo, and determine whether the  

~ e a t u r e  i s  normal o r  phenomenal a t  t h a t  time. Eventually, perhaps, 

t he  visual  estimates s ca l e  can be t i e d  i n t o  some of the professional  

photometric scales  o r  albedos, extending the l a t t e r .  Tnis woilld be 

a contr ibut ion t o  the  astronomical p-ofession. 

Comparison of  albedos of Dawes and Proclus from t h i s  program with 

those of Alphonsus from Vaucher's Selected Areas Program (SAP) program 

revealed confirmation of some pea ls  found by Vaucher but not o thers .  

These r e s u l t s  i nd ica t e  t h a t  t he  d i f f e r en t  regions of t he  moon respond 

t o  rad ia t ion  with varied cha rac t e r i s t i c s .  
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