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IMPLICATIONS OF RECENTLY PUBLISHED DIAMETERS 
FOR CERES, PALLAS, AND VESTA* 

By: Richard G. Hodgson, A.L.P.O. Minor Planets Section Recorder 

Since 1970 several sets of diameter values for the larger minor planets have 
been published as the new polarimetric and radiometric methods of diameter determina
tion have been refined. The most important of these have been those of Cruikshank and 
Morrison in Icarus, 20, 479 (1973, December), of Chapman, Morrison, and Zellner in 
Icarus,~. 104-130 Tf975, May), and, most recently, of Morrison in~. IL, 185-
220 (1977, June). The results of this last-mentioned article were also presented in a 
more popular form in the 1977, March issue of~~ Telescope (Vol. 53, no. 3, pp. 
181-183) 0 

Let us consider the implications of the Morrison diameter values for the three 
largest minor planets--Ceres, Pallas, and Vesta. These are the only asteroids thus 
far for which good quality mass determinations have been made, and are therefore the 
only ones whose mean densities can be determined approximately. The recent history of 
diameter values for Ceres, Pallas, and Vesta can be seen in Table I, as follows: 

Table I. Diameters 

Source 1 Ceres 2 Pallas 4 Vesta 

Cruikshank & Morrison, 1973 1,080 km 550 ± 50 km 540 km 
Chapman, Morrison & Zellner, 1975 955 558 503 
Morrison, 1977 1 ,003 608 538 
%change, 1975 to 1977: + 5.03% +8.96% +6.96% 

It will be noted in each case that the estimated diameters increased in 1977 
over the 1975 values, based on more refined methods and more extensive observations. 
This is especially true for Pallas, whose estimated diameter has been increased almost 
9%. If it is assumed that these large minor planets are essentially spherical (an 
assumption probably not far from the truth due to gradual creep of materials since 
their formation about 4.6 x 10 9 years ago), one can easily determine their approximate 
volumes. Dividing the latest mass determinations for each planet by their respective 
volumes, one can find their mean densities, something of great importance in any dis
cussion of their interior structures. At this point in the discussion, one may wonder 
if the essential sphericity of these planets is a valid assumption in the light of 
their fairly rapid rotations. Would this not introduce oblateness, especially in view 
of their weak gravitational fields?h This is probably true. In the case of Ceres, for 
example, its rotational period is 9 04~7. Using the 1977 Morrison diameter figure of 
1,003 km, its spin rate at its equator would be 0.0964 km/second, or about 17.25% of 
Ceres' escape velocity of 0.56 km/second. The resulting oblateness should be somewhere 
between l/14 and l/20 for Ceres, rather similar to that of Uranus. The diameters de
termined by Morrison and others using the polarimetric and radiometric methods are mean 
diameters, and not necessarily equatorial diameters. They assume an essentially spher
ical planet. Thus in the case of Ceres its polar diameter is probably somewhat less 
than the published value, but its equatorial diameter is probably somewhat greater. 
While polar flattening reduces the volume of a planet, the equatorial bulQe adds to 
that volume, approximately compensating. Thus in this paper volumes calculated on the 
basis of mean diameters are probably essentially correct. In the remainder of this 
paper the evidence concerning internal structure for Ceres, Pallas, and Vesta will be 
considered, using the 1977 Morrison diameters in the calculations. 

1 Ceres 

The most recent value for the mass of Ceres is (5.9 ± 0.3) x 10- 10 solar masses, 
according to the extensive investigations of Dr. Joachim Schubart of the Astronomisches 
Rechen-Institut of HP.idelberg (cf. Astronomy! Astro h sics, ]Q, 289-292, 1974.) Using 
for the mass of the Sun the value adopted in the IAU 1976) system of astronomical con
stants (1.989 x 10 33 grams), this would indicate a mass of 1.17 x 10 24 grams for Ceres. 
This value, together with values for the upper and lower mass limits as determined by 
Schubart, appears in Table II below: 

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

*This paper was presented at the National Amateur Astronomers Convention at 
Boulder, Colorado on August 9-13, 1977. The A.L.P.O. was one of the four participating 
astronomical organizations. 



Table II. Density of Ceres 
(Assumed diameter 1,003 km) 

Mass (1974 Schubart) 

Mean value (1.17 x 102'+ grams) 
Upper 1 imi t ( 1 .23 x 1 02'+ grams) 
Lower 1 imi t ( 1. ll x 1 02'+ grams) 

Density 

2.22 grams/cm 3 

2.33 grams/cm 3 

2 .ll grams/em 3 

Assuming Ceres is essentially spherical, its volume is 5.283 x 10~ cm 3 • Given 
the figures for mass (see Table II) and this volume, the density of the planet can be 
readily determined. Of course, density figures carried to two decimal places as in 
Table II are overprecise: the 1977 Morrison diameter could be in error by as much as 
50 km, which would alter density considerably. For example, if the older 955 km dia
meter used by Chapman, Morrison, and Zellner in 1975 were valid, density would be 2.57 
grams/cm 3 , using Schubart's mean value for mass; using the upper mass limit and the 
955 km diamete~ density could reach 2.70 grams/cm 3 • That~ probably the~ extreme 
the observed data will .!12!!. allow. THE GREAT LIKELIHOOD, HOWEVER, IS THAT THE MEAN 
DENSITY OF CERES IS LESS THAN 2.5 GRAMS/CM 3 , AND PROBABLY LESS THAN 2.3 GRAMS/CM 3 • A 
density as low as about 1.9 grams/cm 3 cannot be ruled out. Clearly Ceres is much less 
dense than the Moon (3.34 grams/cm 3 ) and the major planets of the terrestrial type. 
Being farther from the Sun and in a cooler region of the Solar System, Ceres may have 
a significantly different composition. The low density points strongly in this direc
tion. 

In their study of the surface properties of minor planets in Icarus, 25, 104-130 
(1975), Chapman, Morrison, and Zellner indicate that the largest C-type (orl:arbonaceous
type) asteroids have spectral albedo curves which differ from the more usual C-type 
spectra. In this select group they place Ceres and Pallas. They indicate three possible 
compositions which might explain the observed spectral albedo curves: 

(1) basaltic rocks rich in opaques; 
(2) a different, perhaps an ultraprimitive, kind of C-type material; or 
(3) slightly metamorphosed C-type material. 

The assumption of the Chapman-Morrison-Zellner paper is that Ceres is probably undiffer
entiated, and therefore its surface materials are typical of the entire interior of the 
planet. 

The first alternative (i.e., basaltic rock rich in opaques) must be rejected since 
the density of Ceres is clearly too low. The second alternative (type 2 carbonaceous 
chondritic material) also must be ruled out if the density of Ceres is less than 2.5 
grams/cm 3 • According to B. Mason (Meteorites, 1962), cited by Chapman et al., this ma
terial has a density of 2.5 to 2.9 grams/cm 3• This second alternative is tenable there
fore only if Ceres' diameter is about 960 km or less and if Schubart'> ~acs determin~tion 
is somewhat low. This is not impossible, but it does appear unlikely on the basis of 
presently available evidence. The idea that Ceres might be composed of ultraprimitive 
carbonaceous material is an exciting one for cosmogenic thought, but it may be wishful 
thinking. Certainly if the 1 ,000-plus km diameter of Morrison (1977) is valid, a solid 
~of this material appears to be ruled out. The third alternative involves slightly 
metamorphosed undifferentiated C-type material similar to the C4 type Karoonda meteorite, 
the only one of its type now known. It would be the result of a later heating without 
full melting occurring. In terms of density this material is rather similar to that of 
the second alternative. The problem of explaining the low density of Ceres remains. 
Thus if Morrison's 1,003 km diameter is essentially correct and the density of Ceres is 
therefore between approximately 2.1 and 2.35 grams/cm 3 , it would seem that all the alter
natives proposed in the 1975 Chapman-Morrison-Zellner paper are ruled out--if one is re
quired to maintain the assumption that the planet's composition is essentially uniform 
throughout. 

I SHOULD LIKE TO PROPOSE A DIFFERENT MODEL FOR CERES BY (1) ABANDONING THE ASSUMP
TION ITS INTERIOR IS ESSENTIALLY UNIFORM AND IDENTICAL TO ITS SURFACE, AND (2) ARGUING 
ITS LOW DENSITY IS BEST EXPLAINED BY ASSUMING THAT THE MANTLE AND PERHAPS THE CORE CON
TAIN A CONSIDERABLE AMOUNT OF WATER ICE AND/OR SLUSH, AND POSSIBLY SOME LIQUID WATER AS 
WELL. 

This hypothesis rests upon the following considerations: 
(1) Ceres formed out of the primaeval solar nebula by accretion of cool or cold 
materials, and had reached or nearly reached its present size before the Sun 
began radiating a significant amount of energy. (Were the Sun radiating signifi
cantly, radiation pressure would have driven away the materials involved in the 
accretion process). 

(2) The interior of Ceres (and of some other large minor planets), being formed 
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under cool or cold conditions, included a moderately large amount of water ice in 
the form of Ice I, which was mixed with basaltic and/or carbonaceous materials. 
Since H

2
0 is cosmically abundant, this is not an unreasonable assumption, as will 

be discussed below. 
(3) A considerable portion of this original ice (in what may be called the mantle
region, and perhaps also in the center of the planet) has never heated sufficiently
to melt, percolate to the surface, vaporize, and be lost into space.

(4) Above this ice-bearing mantle, in what constitutes the crust region of Ceres,
planetesimal and meteoritic bombardments, especially during the early history of
the Solar System, may well have generated enough heat and disruption to remove all
water from the regolith and mega-regolith, leaving carbonaceous and/or basaltic
materials alone to compose the surface and crust layer. Some additional loss of
H

2
0 may be continuing very gradually to a greater and greater depth. The thickness 

of this water-depleted crust is a matter of speculation, but in the light of what 
we know of the Moon's crust it may be from 40 to 120 km or more thick. 
Probably the weakest part of this hypothesis is the idea that water ice could be a 

major constituent of a small planet which comes as close as 2.54 A.U. to the Sun. Thus 
far the leading planetologists have ignored or thrust aside this idea, preferring, it 
would seem, to hope that sufficient density will be found for an essentially undifferen
tiated, carbonaceous model to prevail. As we have seen, however, the evidence appears to 
be increasingly against this idea, 
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In support of my hypothesis of an icy interior for Ceres, one must remember that 
water is cosmically abundant. Water ice is now considered to be a major component in 
the interiors of some of the Galilean satellites of Jupiter (cf. John S. Lewis in m
rus, 15, 174-185 (1971); David Morrison and Dale P. Cruikshank in k.a.r.u.s., l8., 224-236 
(1973); G. J. Consolmagno and J. S. Lewis in Jupiter, pp. 1035-1051 (edited by T. 
Gehrels, 1976)) and of at least four satellites of Saturn (cf. U. Fink et al. in .8..s..t.r.o.
physical Journal Letters, 207, L63-L67, 1976). Indeed the thermal histories of these 
satelliteshavebeensocoldthat water ice is in evidence on portions of their surfaces, 
according to spectrophotometric studies. In the case of Ceres conditions are too warm 
to expect an icy surface, and the observational evidence is contrary; but that does not 
rule out an icy mantle. 

One further comment on Ceres' interior is in order; I am uncertain whether the 
ice of the mantle region also extends down to the center of the planet or not. Perhaps 
it does, or perhaps in the deep interio, some melting may have occurred. One should 
recall that the melting point of Ice I declines steadily from 273 Kelvin to about 253 
Kelvin under a pressure of 2,000 atmospheres. (Cf. Phase diagram of ice in The Solar 
� ill: Planets and Satellites, p. 176, edited by G. P. Kuiper and B. Middlehurst, 
1961 .) If the determinations of Morrison and Schubart are essentially correct, the 
central pressure for Ceres is about l ,700 atmospheres, at which pressure Ice I melts 
at about 255 Kelvin. Any water which might have melted in the core region would mi
grate as slush up toward the lower edge of the mantle region, allowing heavier materials 
to sink toward the center of the planet. The migrating slush would then probably re
freeze due to somewhat cooler temperatures, and the higher freezing point prevailing 
there due to lower pressures in the mantle region. Also with the passage of time the 
decay of radioactive elements would slow down, lowering the amount of radiogenic heat 
in the planet's interior. I am inclined to consider this partially differentiated model 
the more attractive. Other variants involving an icy interior may, of course, be poss
ible. 

The two suggested models are portrayed in Figures l and 2. 

2 Pallas 

As previously noted, Morrison now estimates the diameter of Pallas as 608 km, an 
8.96% increase over the older value of 558 km. It is evidently the second largest as
teroid. Joachim Schubart has determined the mass of Pallas to be (1 .14 ± 0.22) x 10- 10 

solar masses or 2.27 x 10� grams. Using Morrison's 1977 diameter and assuming the 
planet is essentially spherical, the volume becomes 1.1768 x 10 23 cm 3

, and the density 
is a surprisingly low 1.93 grams/cm 3 ! These values, together with the densities re
sulting from use of the upper and lower mass limits, are indicated in Table III. 

Table III. Density of Pallas 
(Assumed diameter 608 km) 

Mass (1975 Schubart) 

Mean value (2.27 x 10� grams) 
Upper limit (2.71 x 10� grams) 
Lower limit (l .83 x 10� grams) 

Density 

1.93 grams/cm 3 

2.30 grams/cm 3 

1.56 grams/cm 3 

Thus we see that with the upper mass limit of Schubart and Morrison's 608 km 
diameter, the density of Pallas could be as high as 2.30 grams/cm 3; on the other end 
of the scale, using the lower mass limit, density could be an extremely low l .56 grams/ 
cm 3 • This latter appears unlikely since it would require a predominantly icy planet-
indeed an interior of almost pure ice would be needed to offset the greater density of 
its non-icy surface and crust. It is further unlikely that a planet would have formed 
with such a divergent chemistry. Since Pallas' mean distance from the Sun is almost 
identical with that of Ceres, I am inclined to think Pallas' density is probably closer 
to the upper end of the range given in Table III--perhaps 2.2 grams/cm 3--again clearly 
implying, as in the case of Ceres, the presence of some water ice mixed with other ma
terials under a non-icy crust. 

The surface materials of Pallas are less well determined than those of Ceres. 
Sometimes Pallas has been classified as a C-type asteroid (so Chapman, Morrison, and 
Zellner in Icarus, 25, 107, 1975); sometimes it has been listed as U-type, meaning Un
classified °(soMorrTson in Icarus, 31, 204, 1977). Its albedo is apparently somewhat 
higher than that of Ceres--0.074 compared with 0.054 for the larger planet--which may 
be indicative of a somewhat different surface composition. 

Any viable model of Pallas requires a considerable admixture of low density ma
terials, and water ice is the most likely candidate. Pallas is probably a smaller 
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version of Ceres, although perhaps with a simpler interior structure. Its central pres
sure is only about 473 atmospheres, assuming that a diameter of 608 km and Schubart's 
mass of 2.27 x 1023 grams are correct. It is, therefore, less likely to have a differ
entiated interior. Until its mass and diameter have been more precisely determined, it 
would be unwise to speculate about the thicknesses or densities of any layers it may 
contain. 

4 Vesta 

Morrison (1977) gives a diameter of 538 km for Vesta. H. G. Hertz has determined 
its mass to be l.20 x 10- 10 solar masses, or 2.39 x 1023 grams (Science, 160, 299-300, 
1968), slightly greater than that of Pallas. Assuming these value'sa're correct and 
that Vesta is essentially spherical, its volume is 8.1535 x 1022. cm 3 • The density of 
Vesta is therefore about 2.93 grams/cm 3

, considerably greater than either Ceres or 
Pallas, and is indicative of a considerably different interior composition. Spectro
photometry studies of Vesta's surface have revealed a very different and perhaps unique 
surface composition for the planet; its albedo of 0.229 (Morrison in Icarus, 11, 204, 
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1977) is considerably higher than that of most minor planets. This evidence points to 
the same conclusion. Cf. also D. Morrison, for the densities and bulk compositions of 
Ceres and Vesta, in Geophysical Research Letters, l. 701-704, 1976, in which Morrison 
indicates he thinks Vesta is probably differentiated. Probably an icy interior is ex
cluded or largely excluded for Vesta; it is certainly not needed to construct plausible 
models, and the smaller volume makes water ice less likely because much or all of any 
original ice probably has escaped into space in the past 4,6 aeons. One should recall 
that Vesta's mean distance from the Sun is 2,3619 A.U., considerably less than for ei
ther Ceres or Pallas; and its surface temperature for the illuminated hemisphere would 
average about 8 degrees Kelvin warmer. 

Conclusions 

This discussion of interiors must be regarded as preliminary. The low density 
figures for both Ceres and Pallas have not heretofore been adequately explained. It 
appears necessary to assume that they must contain subsurface water ice. ~ ~ 1hAi 
!!JSll and diameter data for not just one, but TWO planets point strongly .tQ. this ~
sion cannot be~ dismissed. Obviously more precise data are needed. To choose 
further between models, it will be necessary to determine diameters to within a few ki
lometers. This can be done with modest astronomical equipment by means of well-observed 
occultations, particularly occultations of stars by these minor planets. Here is an 
important task for all of us to consider, 

One further comment upon the icy-interior hypothesis comes to mind: if it is 
valid for Ceres and Pallas, it should mean that since the crusts of these planets 
formed and underwent the early "Bombardment Era" in our Solar System about 4 aeons ago, 
some ice in the mega-regolith and upper mantle should have evaporated into space, caus
ing the diameter of these planets to decrease somewhat. This process of "dehydration" 
may show itself in the appearance of crustal shrinking in surface structures. It would 
therefore be of considerable interest to obtain close-up spacecraft mapping of the sur
faces of Ceres and Pallas to search for such possible shrinking. If found, it might 
have important implications for the study of the origins and history of the Solar System. 

Appendix l 

CERES, PALLAS, AND VESTA: ORBITAL DATA 

Planet a(AU) .!!. .9.\A!L)_ Q(AU) Period 

1 Ceres 2.7663 0.07863 2.5488 2.9838 l 0~604 4.6012 years 
2 Pallas 2.7687 0.23662 2.1136 3.4238 34.848 4.6069 
4 Vesta 2.3619 0.08851 2.1528 2.5710 7.137 3.6301 

Source: Frederic~ Pilcher and Jean Meeus, Tables of Minor Planets, 1973. 

Appendix 2 

The approximate mean temperature for the illuminated hemisphere of a planet in 
our Solar System can be determined by the formula: 

Temperature= 392 ~ , 
where A = albedo of the planet, and 

r = the distance of the planet from the Sun in A.U. 
This formula gives an answer in Kelvin (absolute) temperature. Cf. Motz and Duveen, 
Essentials of Astronomy, p. 202. For discussion of other formulae which take into ac
count rotatiOn effects, etc., cf. Blanco and McCuskey, Basic Physics of the Solar~
tern, pp. 52-55, 1961. 
--- Using the above formula, one can determine the approximate Kelvin temperatures 
for the illuminated hemispheres at mean distance from the Sun: 

l Ceres 
2 Pallas 
4 Vesta 

(r = 2.7663 A.U., A= 0.054) 
(r = 2.7687 A.U., A= 0.074) 
(r = 2.3619 A.U., A = 0.229) 

temperatur~ % 232~4 Kelvin 
II f\j 231 ,l 

% 239.0 

It should be remembered that water ice melts (except when under pressure) at 
273 Kelvin. At temperatures somewhat lower water ice sublimates fairly rapidly so that 
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it is highly unlikely that water ice exists on the surface of any of these minor plan
ets. Surface temperatures on the unilluminated hemispheres would be much colder, of 
course. A few meters below the surface and on down into their mantle regions, due to 
the very slow manner in which rocks conduct heat, the Sun's contribution to temperature 
would involve an averaging of day and night temperatures, seasonal temperature varia
tions, and perihelion and aphelion temperature variations, thus making the temperature 
quite low. To this result, of course, one would have to add the heat flow from the 
interior, which is probably quite small compared to the major planets. 

ENDOGENETIC CRATERS ON ..I.11i FLOORS~ LARGE LUNAR CRATERS 

By: Michael Gurnis, South Shore Astronomical Society 

Abstract 

Lunar Orbiter photographic data have been analysed to demonstrate that there are 
endogenetic craters or volcanoes on the Moon. Crater counts were made on the floors and 
ejectas of 14 large lunar craters. It was found that on the majority of the craters 
studied, there are more craters on the floor than on the ejecta. The explanation given 
is that there are endogenetic craters on the floor. An alternate explanation is that 
there is more crater erosion on the ejecta than on the floor. 

The data were reanalysed for 5 craters, this time grouping the small craters 
counted into 4 diameter (D) ranges. These data show that for craters larger than the 
range 0.6 km < D < 1.3 km, the excess count is on the ejecta rather than on the floor. 

Introduction 

It is now assumed that both endogenetic craters, volcanoes, and exogenetic craters, 
impact features, played more or less equal roles in shaping the cratering record on the 
Moon, the endogenetic craters accounting for more of the smaller craters and the exo
genetic craters accounting for the larger ones. The following study tries to demonstrate 
by crater counts that volcanic craters do exist, and then assuming that they do exist, 
goes on to set their average size. This work has been reported before (Gurnis 1977 a, 
b), but in less detail than here. 

The history of a typical impact crater will be used to demonstrate the concept 
behind this study. Figure 3 shows the nomenclature of an impact crater and will be re
ferred to freely herein. The beginning of the history of a crater starts with its for
mation, in this case the impact. The newly formed crater, including the floor, wall, 
and inner ejecta, erases any features, i.e. craters, which were on the area covered by 
the crater (Figure 4A). In this history we shall assume that the crater is approximately 
40-100 kilometers in diameter. Craters smaller than 40 km in diameter usually do not 
have the features described in Figure 3. These moderately-sized craters do not have a 
well-defined ejecta, and the wall and floor are continuously shaped into one bowl (Mutch, 
1970). As time goes on, craters continue to be formed. Some craters will form on the 
floor and ejecta of this crater (Figure 48). The floor and ejecta provide a local re
cord of cratering history, and the cratering frequency should be equal over a long period 
of time because the two locales are so close together. 

If one looks at the Moon at high power, or looks at pictures taken by large tele
scopes or by spacecraft, he will notice that many craters have floors which look exactly 
like maria, Now we know by chemical analysis of returned lunar samples that the~ 
are composed of lava-type material (Cole, 1974), We can safely assume that these cra
ters went through a similar process. Getting back to the history of our crater, we 
assume that at some point during its existence (it is not known exactly when the flooding 
occurs after the impact), it becomes flooded with lava (Figure 4C). When this event 
happens, any craters which had existed on the floor are erased; and the floor will pro
vide a new cratering record from that point in time on. The crater density (or craters 
per square kilometer) will therefore now be greater for the ejecta. A ratio can be set 
up: 

craters per km 2 on floor 
craters per km 2 on ejecta (Ratio 1). 

The value for this ratio should be zero (0) at this point in time. 
more craters form; and the floor will now again have craters on it 
should be a greater crater density on the ejecta than on the floor. 
less than one.) It must be assumed in this hypothetical history of 
is only one form of crater production, and that is impacting. 

7 

As time goes on, 
(Figure 40). There 
(Ratio l should be 

a crater that there 



EJECTA 

CENTRAL 
MOUND 

Data and Discussion 

Figure 3. Nomenclature 
of parts of a lunar cra
ter more than about 40 
kilometers in diameter. 
The relative sizes of 
the floor, wall, and 
ejecta are not exactly 
shown. Figures 3-6 and 
Figure 8 were prepared 
and contributed by Mr. 
Michael Gurnis. 

To test such a situation, we would need to determine crater density values for 
both the ejecta and the floor of a crater and then to compare the two values. In this 
study 14 different craters representing a wide variet.y of sizes, shapes, and apparent 
ages were examined. Lunar Orbiter IV photographic data were used to make crater counts 
on both the floors and ejectas. Lunar Orbiter photos are set up in photostrips (Beeler 
and Michlovitz, 1969); in Orbiter IV photos the average width of a strip is about 12 
km. The craters were counted along single strips, and then added up. The areas were 
also determined, and the number of craters was divided by the area to find the crater 
density. Usually the entire ejecta was not used because its extent was uncertain; or 
in one case, Aristarchus, exactly one-half of the ejecta was overexposed, caused by the 
fact that the angle of incident sunlight was higher on one side. The extent of the 
ejecta was usually determined by a change in the slope of the area around the crater. 

The sizes and relative numbers of craters counted on Lunar Orbiter IV photographs 
are shown in Figure 5. This graph only shows the distribution of craters on the floors 
of three of the large craters studied. The number of craters drops off at 0.32 km, 
whereas it should continue linearly; this drop is probably caused by the cut-off in 
resolution of the camera aboard Lunar Orbiter IV. 

The craters studied along with their outside diameters in kilometers are: Alba
tegnius (134), Werner (72), Aliacensis (83), Apianus (58), Playfair (45), La Caille (58), 
Archimedes (76), Mercator (38), Kies (43), Bullialdus (58), Lubiniezky (44), Klein (45), 
Aristarchus (38), and Ptolemaeus (175). After the density in craters per square kilo
meter was determined for each of the above craters for both their floors and ejectas, 
the data were plotted in Figure 6. Standard deviations were determined for all the 
points for both ordinates and are presented as error bars. The boundary between more 
craters on the floor than on the ejecta is plotted in Figure 6 as "A," 

Since maria can be considered to be impact features, this research was also done 
for a few maria. The counterpart of the floor of a crater would be the actual mare, 
and the counterpart of the ejecta would be the highlands which surround the mare. Three 
maria-highlands were studied; they are: Sinus Medii, Mare Cognitum, and Mare Imbrium. 
These data are presented in Figure 6 along with the data on craters. Standard deviations 
have also been calculated and are again presented as error bars in the figure. 

In Figure 6 it will be noticed that the majority of the points fall below the 
equal-density line. This means that there are more craters per square kilometer on the 
floors than on the ejectas. However, this is just the opposite of our cratering his
tory, which said that there should be more craters on the eject~. This result can be 
accounted for in two ways: either there are more craters produced on the floors, or 
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more craters are lost on the ejecta. Crater erosion could account for a lack of craters 
on the ejecta; the surface strength of the ejecta could be less than that of the floor, 
and if a moonquake occurred, the craters on the ejecta would fill in more easily. How
ever, it is the opinion of the author that more craters are produced on the floor, 
these excess craters being endogenetic or volcanic craters. This hypothesis is also 
given to account for the excess craters on the maria. 

Might it be possible that, although there-are-more craters altogether on the floor 
than on the ejecta, there could be one size group where there are more craters on the 
ejecta? The answer to this question might tell where the size limit of endogenetic cra
ters lies. It has been proposed before that the majority of craters on maria and maria-
like surfaces below the 2 to 4 kilometer range are not impact features (Hartmann,1967, 1977). 

To test this idea, crater counts were repeated for five of the large craters, 
except that this time the small craters counted were divided up into 4 diameter ranges. 
The diameter ranges, D, which were used in this study were: 

a. D < 0. 6 km 
b . 0 . 6 < D < 1 • 3 km 
c. 1 . 3 < D < 4 km 
d. 4 km < D 
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Figure 5. The distribution of 
craters of different diameters on 
the floors of three large lunar 
craters. The data were taken from 
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steep drop in the number of crater
lets less than 0.32 kms. in diameter 
is probably due to the cut-off in 
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Figure 7. Lunar Orbiter photograph (IV-101-H2) of the lunar crater Klein. The adjacent 
mare is the floor of the lunar crater Albategnius, which was also studied by Michael 
Gurnis in this project. The photo-strip is approximately 11.5 kms. wide. Lunar north is 
to the left. This photograph provided by the National Space Science Data Center. 

* * * * * * * * * * * * * * * 
The method of counting the small craters was like the method described above, except that 
crater counts were made four times for each large crater. A millimeter ruler was used to 
determine whether or not a crater belonged in a certain size group. The large craters 
studied were Mercator, Ptolemaeus, Albategnius, Klein, and Werner. The data for each of 
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Crater densi
ties on the 
floor vs. cra
ter densities 
on the ejecta 
for the large 
craters Werner 
and Klein for 
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ranges: (a) 
0<0.6 km; 
(b) 0.6 km<D 
<1.3 km; (c) 
1 . 3 km<D<4 km; 
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densities are 
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these large craters were then plotted on a single graph, such as that of Figure 6: the 
horizontal axis is for crater density on the floor, and the vertical axis is for crater 
density on the ejecta. However, this graph (Figure 8) is logarithmic. The line where 
the crater densities are equal for the floor and ejecta is plotted as "A,"as in Figure 6. 
There will be 4 points for each crater (except for Werner, which had no craters in the 
d range). Standard deviation was calculated individually for each size range and axis 
for all five craters, hence the reason for the different lengths of the error bars shown 
in Figure 8, which shows the graphs for the craters Klein and Werner. 

There follows a morphological description of the five craters studied along with 
a description of the graph for each one. (Notice the following things: the plot of the 
large crater will always cross "A" near the range 0.6<0<1.3 kms., and also the plot of 
the large crater will only cross "A" if its floor looks like a mare-surface.) 

Mercator: This crater is on the southern edge of Mare Nubium, and the floor is 
filled with mare-material. This material appears to have flowed into the crater from the 
adjacent mar~he floor has a dark albedo and is equal in intensity to that of the mare. 
Both the ejecta blanket and the wall are very eroded. The plot of this crater on a graph 
such as in Figure 8 crosses "A" between the two groups a and b, but is closer to b. 
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Figure 9. Lunar Orbiter photograph (IV-101-Hl) of the lunar crater Werner. The photo
strip is approximately 11.6 kms. wide. Lunar north is to the left. This photograph 
provided by the National Space Science Data Center. 

* * * * * * * * * * * * * * * 
Ptolemaeus: This crater is close to the apparent center of the near side of the 

Moon and touches the northern side of the crater Alphonsus. The floor, which appears 
to be made of mare-material, has many craters and crater groups on it. The plot of the 
crater crosses~ between the two groups b and c, and is closer to b. 
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Albategnius: The crater, just east of Ptolemaeus, has been flooded with maria
material. There is a central mound in this crater which looks like the stereotyped 
Earth type volcano. Even though there is extensive erosion, both slumping on the wall 
and the boundaries of the ejecta can be made out. The crater plot is nearly a dupli
cate of that of the crater Klein, shown in Figure 8. 

t_l_ei!J.: The crater overlies the western wall of the crater Albategnius. Like Al
bategnius, this crater has a maria-material floor and central mound, but does not have 
a well defired ejecta; and nOSTi:imping is visible (see Figures 7 and 8). 

Wernr:·: This crater appears to be slightly older than Tycho because Werner is 
still well defined. Slumping of the wall is visible; the ejecta can easily be made out. 
There is a central mound as well as other small hills on the floor, which does not appear 
to be made of maria-material. See Figure 9 for a Lunar Orbiter photograph of Werner. 
The plot of the-crater does not cross "t." (Figure 8). 

Conclusion 

After determining the crater density on the floors and ejectas of fourteen large 
lunar craters, the writer found that there are more craters on the floors of the majority 
of the craters studied. Two explanations are offered. First, there is more crater ero
sion on the ejecta than on the floor, and hence a crater deficiency on the ejecta. Sec
ond, there are endogenetic craters on the floors of the craters. After assuming that 
there are endogenetic craters, the writer determined that the majority of craters smaller 
in diameter D than the size range 0.6<D<l .3 kms. are of endogenetic origin, and the ma
jority larger than this value are due to impact. 
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SOLAR-COMETARY RELATIONS: A REV! EW* ----

By: Karl S. Simmons, A.L.P.O. Comets Section 

A recent paper by Dr. Freeman D. Miller ("Solar-Cometary Relations and the Events 
of June-August, 1972," Space Science Reviews, Volume 19, 1976, pp. 739-759) utilized 
magnitude estimates of Comets 1970 II and 1972 VI made by several members of the Asso
ciation of Lunar and Planetary Observers. This brief review explains how these observa
tions were used and reports the conclusions Miller reached. He is a professor of astro
nomy at the University of Michigan, Ann Arbor. 

Miller first did a study of brightness fluctuations and possible concurrent Type I 
plasma tail disturbances of Comet Bennett 1970 II. Dramatic tail disturbances were seen 

*Contributed by Dennis Milan, A.L.P.O. Comets Recorder. 
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on March 30 and April 4; and minor distortions were noted on April 2 and 6, 1970. 
These tail disruptions had been extensively studied previously by others and had been 
correlated with solar activity. Miller took their work a step further and investigated 
any possible correlation between these tail disturbances and estimates of the comet's 
magnitude. There are no published series of magnitude estimates, but Miller was able 
to obtain a list of corrected magnitude estimates by A.L.P.O, observers from Dennis 
Milon and Charles Morris of the A.L.P.O. Comets Section. 

Light curves were drawn for four different observers (J. Bortle, W. Houston, K, 
Simmons, and H. Solberg}, who made extensive observations of the comet. Each observer's 
magnitudes were plotted independently because Miller believes "that fluctuations in 
brightness are most firmly established by the homogeneous data of a single observer." 
The individual light curves do not suggest any significant departures from a smooth 
variation with the exception of an observation of subnormal brightness recorded by Hous
ton on April l, 1970. 

There apparently were no brightness fluctuations at the times of the tail disturb
ances. Miller concluded that "different mechanisms may be responsible for head and 
tail responses to solar and interplanetary activity; the brightness being a measure of 
the activity of neutral molecules and dust in the head." 

In another section of his paper Miller utilized ·the A,L.P.O. observations of Comet 
Giacobini-Zinner 1972 VI, which were published by Morris (Pub, Astron. Soc. Pac., Vol. 
85, p. 470, and also J.A,L.p.o., Vol. 24, Nos. 9-10, pp. 198-203, 1974). In his P.A.S.P. 
paper Morris used magnitude estimates by J. Bortle, M. Seslar, T. Kleine, and A. Jones. 
Using a plot of these observations and 38 estimates reported on the IAU Circulars, Miller 
looked for any correlations of these magnitudes with the solar flares of June 15 and Aug
ust 2, 4, and 7, 1972, The observations by A.L.P.O. members indicated no abnormally 
faint magnitudes through August 21, when the nearly full Moon began to interfere. The 
IAU Circulars, on the other hand, recorded both bright and faint magnitudes for August 
6.8- 20. l U.T., with the comet sometimes being invisible in 15-20 em. reflectors. 
Miller poi11ted out two pairs of observations in particular, which suggest that the comet 
underwent a series of rapid variations in brightness. Guthier observed the comet at 
magnitude 9.3 on August 7.1, less than half a day after Urata failed to see the comet on 
August 6.8. On August 20.1, Guthier recorded the magnitude as llth or fainter while 
Bortle had it at 9.5 on August 20.35. These brightness changes thus occurred in a very 
small time span of about eight hours. 

Miller concluded that the response of Comet 1972 VI to the flares of August 2, 4, 
and 7 was characterized by a period of brightness instability setting in as early as 
August 6, and continuing for at least two weeks. A somewhat different opinion was 
reached by Dryer et al, (J. Geophy. Res., Vol. 80, p. 2001). In their paper, they con
clude that the comet had a precipitous decline in brightness circa August 9. Miller 
pointed out that "they did not make use of the A.L.P.O. data, and lacking published in
formation on the instrumentation, plotted uncorrected magnitudes from the IAU Circulars 
to form their light curve." 

A second, less erratic decline in Comet 1972 VI's brightness appears in the A.L.P.O. 
light curve beginning about Sept. 6 and leveling off by Sept. 10. Miller finds no evi
dent solar event which could be the source of this decrease. In concluding, Dr. Miller 
pointed out the importance of also observing certain comets such as Giacobini-Zinner and 
Schwassmann-Wachmann during their periods of normal activity so as to avoid a bias in 
favor of unusual activity. An ephemeris for the latter comet appears in the Handbook of 
the British Astronomical Association. 

THE 1977 A.L.P.O. BUSINESS MEETING 

By: J. Russell Smith, A.L.P.O. Secretary 

The A.L.P.O. met in a business session on August 12, 1977, at the University of 
Colorado. The 28 persons present were most of those A.L.P.O. members attending the 1977 
Convention. 

Director Haas called the meeting to order; and Mr. Clyde Tichenor of the W.A.A. 
gave the organization an invitation to meet with them at San Luis Obispo, California, in 
the last week of July--July 27, 28, and 29, 1978. There was a motion by John Sanford to 
accept the invitation to San Luis Obispo. The motion received a second by John Westfall. 
There was no discussion. The motion carried. 

There was an invitation from Mr. Van Zandt for the A.L.P.O. to meet with the Astro
nomical League in 1979 in Portland, Oregon. Reverend Hodgson moved that we table the 
motion for a year. The motion received a second by Mr. Chick Capen. Motion carried. 
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Director Haas reported that there were about 810 members in the A.L.P.O. He also 
mentioned that Dr. Joseph Ashbrook was joining the Jupiter Section staff, and that Derek 
Wallentine would join the Comets Section staff. Dr. Pilcher was reported to be joining 
the Minor Planets Section staff. 

Mr. Haas reported there was a balance of about $2300.00 in the A.L.P.O. account. 
About $540.00 is needed to pay the publisher for each issue, envelopes cost $35.00, typ
ist costs $140.00, third class mailing is about $230.00 per issue, and $40.00 goes for 
supplies--total about $1,000.00 per issue. 

Director Haas displayed a banner which Peggy Haas designed and had made for the 
30th anniversary of the A.L.P.O. Everyone thought it was beautiful! 

It was suggested that there be a special issue of The Journal of the A.L.P.O. for 
the 30th anniversary. Some history of the organization was suggested for the issue, as 
well as possibly some reprinted earlier articles. 

A Solar Section has been suggested for the A.L.P.O. Mr. Harold Stelzer mentioned 
that there was more to a Solar Section than just observing sun spots. He then described 
in detail what a Solar Section would need to do. Mr. Smith suggested that if the A.L.P.O. 
formed a Solar Section, a training program would be needed. From a question by Mr. Haas 
as to how many would work in a Solar Section, it was decided not to form such a section 
because of lack of enough interest. 

Mr. Byron Groves discussed with the group the possible publication of an Observer's 
Manual edited a number of years ago by Dr. Clark Chapman and Dr. Dale Cruikshank. It 
was moved by Rev. Hodgson that Mr. Groves proceed to a final editing of the A.L.P.O. Ob
server's Manual and secure by various means the required funds for publication. The mo
tion received a second by Mr. Smith. Motion carried. 

Mr. Chick Capen was asked by the Director (Haas) to take the chair for the purpose 
of electing an Associate Director for the A.L.P.O. His duties would be to criticize pa
pers and to have a voice in setting policies of the organization. If one is chosen, he 
would take over in case Mr. Haas became incapable. A motion was made by Walter Haas to 
elect John Westfall as Associate Director of the A.L.P.O. A second was made by Rev. 
Hodgson. Motion carried. 

The meeting was adjourned. 

LlltlA INCOGNITA fQR lSla 

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

Program Summary 

The A.L.P.O. Lunar Section's "Luna Incognita" Program, begun in 1972, is concerned 
with mapping that portion of the Moon which was not adequately photographed by the Lunar 
Orbiter and Apollo Missions (Refs.: ,J A L P 0., .2.l (1972), ll8-122, 134-136; .2A. (1973), 
20-22, 184-187; .li (1974), 60-63, (1976), 227-231; 26 (1977), 147-150). Luna Incognita 
includes the lunar south polar zone (approximately 82"-90"S) and the "marginal zone" of 
the (IAU) southwest limb (from latitudes 52"-82"S, and approximately from longitude 95"W 
to the limits of terrestrial visibility). 

During the last year, four observers have contributed a total of 25 photographs to 
this program: 

Bruce Gardner (12-in. Cass.) . 
R. W. Goodrich (8-in. RL.) .. 
JohnS. Korintus (12~-in. RL.) . 
John E. Westfall (10-in. Cass.). 

6 photographs 
5 photographs 

10 photographs 
4 photographs 

The long-promised outline forms, to be used for detailed visual drawings, have been 
finished, can be obtained from the writer, and are described in the next article in this 
issue. Their availability means that the emphasis in useful observations of~~ 
nita has shifted from photography to detailed visual sketching, although high-quality 
photographs of this region--particularly under optimum libration conditions--are still 
welcome. Both photographs and drawings should be made on the dates given in the follow
ing observing schedule. 

Luna Incognita Observing Schedule 

Viewing conditions for Luna Incognita in 1978 will be the best since 1974. Parti
cularly favorable dates, when Zone "C" (northernmost Luna Incognita) will be visible, 
are: 
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January 6-7 (medium-to-low Sun), 
February 3 (high Sun), 
March 2 (high sun), and 
December 25-27 (medium-to-low Sun). 

Note also that a southerly solar latitude will favor observations of the south 
polar region (Zone "A") on May 23-27, June 19-23, July 16-20, and August 12-17. 

In the following table: 
1. All data are for 0 hours, Universal Time (U.T.). 
2. Asterisked (*) colongitudes indicate a low-to-medium Sun angle for Zones "B" 

and "C." (The Sun is always low for Zone "A.") 
3. The right-hand column gives the observing form(s) that should be used on each 

date. The figures in parentheses indicate the form's longitude and'latitude 
librations 1 respectively. Longitudes are positive if east and negative if 
west; latitudes are positive if north and negative if south. Thus, Luna ln
cognita is best presented when both librations are negative. 

197B U.T. Solar 
Date Co long. Lat. Form(s) 

JAN 02 181 ?2 +1 ?5 B(-8°, oo) 
03 193.3 1.5 B(-8°, oo) 
04 205.5 1.5 B(-8°, -2°) 
05 217.7 1.5 B(-6°, -4°) 
06 229.9* 1.5 A(-5°, -6°); B & C (-4o, -60) 
07 242.0* 1.5 A( -5°, -6°); B & C (-4o, -60) 

JAN 11 290~8 +1~5 A( +5°, -60) 

JAN 29 149?5 +1?4 B(-6°, 0°) 
30 161 .6 1.3 B(-6°, 0°) 
31 173.8 1.3 B(-6°, -2°) 

FEB 01 185.9 1.3 B(-6°, -4°) 
02 198.1 1.2 B(-6°, -4°) 
03 210.3 1.2 A(-5°, -6°); B & C(-4°, -6°) 
04 222.5 1.2 A(-5°, -6°); B(-2°, -6°) 
05 234.6* 1.2 A(0°, -6°); B(-2°, -6°) 
06 246.B* 1.2 A(0°, -6°); B(0°, -6°) 

FEB 25 118?0* +0?8 B(-6°, oo) 
26 130.2* 0.8 B(-6°, 0°) 
27 142.3 0.8 B(-6°, -2°) 
28 154.5 0.7 B(-4°, -4°) 

MAR 01 166.6 0.7 B(-4°, -4°) 
02 178.8 0.7 A(-5°, -6°); B & C(-4°, -6°) 
03 191 .0 0.6 A( -5°, -6°); B(-2°, -6°) 
04 203.1 0.6 A(0°, -6°); B(-2°, -6°) 
05 215.3 0.6 A(0°, -6°); B(0°, -6°) 
06 227.5* 0.5 A(0°, -6°); B(+2°, -6°) 
07 239.7* 0.5 A(0°, -6°); B(+2o, -6o) 

MAR 25 099?0* +0?1 B(-6°, oo) 
26 111 .2* 0.1 B(-4°, -20) 
27 123 .4* +0.0 B(-4°, -40) 
28 135.5 -0.0 B(-4°, -40) 
29 147.7 -0.0 A(-5°, -6°); B(-2°, -6°) 
30 159.9 -0.1 A(0°, -6°); B(-2°, -6°) 
31 172.0 0.1 A(0°, -6°); B(0°, -6°) 

APR 01 184.2 0.2 A(0°, -6°); B(0°, -6°) 
02 196.4 0.2 A(0°, -6°); B(+2°, -6°) 
03 208.6 0.2 A( +5°, -6°); B(+2°, -6°) 

APR 24 1 04?9* -0?7 B(-4°, -4°) 
25 117 .0* 0.7 A(-5°, -6°); B(-2°, -6°) 
26 129.2* 0.8 A(0°, -6°); B(-2°, -6°) 
27 141 .4 0.8 A(0°, -6°); B(0°, -6°) 
28 153.6 0.8 A(0°, -6°); B(+2°, -6°) 
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1978 U.T. Solar 
Date Co long. Lat. Form(s) 

APR 29 165~8 0?9 A(+5, -6°); 8(+2°, -6°) 
30 178.0 0.9 A(+5°, -6°); 8(+4°. -6°) 

MAY 01 190.2 0.9 8(+4, -4°) 

May 23 098?9* -1?3 A(-5°, -6°); 8(-2°, -6°) 
24 111.1 * 1.3 A(0°, -6°); 8(0°' -6°) 
25 123.3* 1.3 A(0°, -6°); 8(0°, -6°) 
26 135.5 1.3 A( +5°, -6°); 8(+2°' -6°) 
27 147.7 1.4 A(+5°, -6°); 8( +4°, -6°) 
28 159.9 1 .4 8(+6°, -4°) 
29 172.1 1.4 8( +6°, -4°) 

JUN 19 068?9 -1?5 A(-5°, -6°) 
20 081.1 1.5 A(-5°, -6°) 
21 093.3 1.5 A(0°, -6°) 
22 105 .4* 1.5 A(0°, -6°); 8(0°, -6°) 
23 117.6* 1.5 A( +5°, -6°); 8(+2°' -6°) 
24 129 .8* 1.5 8(+4°, -4°) 
25 142.0 1. 5 8(+6°, -4°) 

JUL 16 038?9 -1?4 A(-5°, -6°) 
17 051 .1 1.4 A(-5°, -6°) 
18 063.3 1.4 A(-5°, -6°) 
19 075.5 1.4 A(0°, -6°) 
20 087.7 1.3 A(0°, -6°) 
21 099.9* 1.3 8(+2°,-4°) 
22 112.1 * 1.3 8(+4°, -4°) 

AUG 12 008?9 -1?0 A(-5°, -6°) 
13 021 .1 1.0 A(-5°, -6°) 
14 033.3 0.9 A( -5°, -6°) 
15 045.5 0.9 A(-5°, -6°) 
16 057.7 0.9 A(0°, -6°) 
17 069.9 0.9 A(0°, -6°) 

SEP 08 338% -0?4 A(-5°, -6°) 
09 350.8 0.3 A(-5°, -6°) 
10 003.0 0.3 A(-5°, -6°) 
11 015.2 0.3 A(-5°, -6°) 
12 027.4 0.2 A(-5°, -6°) 
13 039.6 0.2 A(0°, -6°) 

OCT 05 307?9 +0?4 A( -5°, -6°) 
06 320.1 0.4 A(-5°, -6°) 
07 332.3 0.4 ' A(-5°, -6°) 
08 344.5 0.5 A(-5°, -6°) 
09 356.7 0.5 AW' -6°) 
10 008.9 0.5 A(0°, -6°) 
11 021 .1 0.6 A(0°, -6°) 

OCT 28 228.0* +1 ?0 8(-4°, 0°) 
29 240.2* 1.0 8(-4°, 0°) 

NOV 03 301?2 +1 ?1 A(-5°, -6°) 
04 313.4 1.1 A(0°, -6°) 
05 325.6 1.1 A(0°, -6°) 
06 337.8 1.1 A(0°, -6°) 
07 350.0 1.2 AW, -6°) 

NOV 25 208?7 +1?4 8(-6°, 0°) 
26 220.9 1.4 8(-6°, -2°) 
27 233.1 * 1.4 8(-6°, -4°) 
28 245.3* 1.4 8(-6°, -4°) 

DEC 02 294?1 +1?4 A(0°, -6°) 

18 



1978 U.T. Solar 
Date Co long. Lat. Forms 

DEC 03 306~3 +1 ~5 A(0°, -60) 
04 318.4 1.5 A(0°, -60) 

DEC 22 177~1 +1 ~5 B(-6°, 0°) 
23 189.2 1.5 B(-6°, -2°) 
24 201 .4 1.5 B(-8°, -2°) 
25 213.6 1.5 B & C(-8°, -4°) 
26 225.7* 1.5 A(-5°, -6°); B & C(-8°, -6°) 
27 237.9* 1.5 A(-5°, -6°); B & C(-6°, -6°) 

LUNA INCOGNITA: AVAILABILITY AND USE OF OUTLINE FORMS 

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

A set of 34 "Luna Incognita Outline Forms" (combined into 11 charts) have been 
prepared and are now available for interested observers. At a scale of 1/2,500,000, 
they are intended to be used as the bases for detailed telescopic drawings of Luna In
cognita and its vicinity. On these forms major lunar features are outlined, and the 
three Zones of Luna Incognita ("A" =South, "B" = Central, and "C" =North) are each 
shown for several favorable longitude/latitude libration combinations. 

For a particular date, the user should consult the current Amerjcan Ephemeris and 
Nautical Almanac, or the annual Luna Incognita observing schedule published in the 
J.A.L.P.O., in order to find the "Earth's Selenographic Longitude and Latitude" (libra
tions). These will enable the observer to select the particular form that is closest 
to the actual librations; a diagram, "Guide to Luna Incognita Outline Form Selection," 
reproduced here as Figure 10 on pg. 20, will aid in this selection. 

The user should draw directly on the appropriate form. Note that Luna Incognita 
itself will always be on the limb for each form, and drawing should be concentrated in 
this area and its vicinity. Most of the features shown on the forms lie outside of 
Luna Incognita proper, and are intended for orientation and positional reference only. 
~is essential that any features drawn in be positioned as accurately as possible.) 
When a drawing is completed, the following data should be entered on its back: observ
er's name; date and time (U.T.); instrument aperture, type, and magnification; see
ing (0-10 scale) and transparency (0-5 scale);* and colongitude. Completed forms 
should be mailed to: Dr. John E. Westfall, Department of Geography, San Francisco 
State University, 1600 Holloway Avenue, San Francisco, CA 94132. 

Figure 11 on page 21, "Luna Incognita Under Maximum Favorable Libration," shows 
three observing forms (for each of the three Zones), with feature names, and the out
line of Luna Incognita, under the most favorable libration, added. 

If you wish to participate in this lunar mapping project, please request these 
forms from the writer at the address given above, enclosing 52 cents in stamps to cover 
postage. 

SATURN CENTRAL MERIDIAN EPHEMERIS: 1978 

By: John E. Westfall, Associate Director A.L.P.O. 

The two tables on pages 22 and 23 give the longitude of Katurn's geocentric cen
tral meridian (C.M.) for the illuminated (apparent) disk for 0 , U.T. for each day in 
1978. These tables are a continuation of those for 1969-77, previously published in 
the J.A.L.P.O., and include corrections for phase, light-time, and the Saturnicentric 
1 ongitude of the Earth. h m s 

"System I" assumes a sidereal rotation rate of 844~00/day (period= 10 14 13.1), 
intended for use with features in the NEB, EZ, and SEB. "System II," intended for the 
rest of the ball, assumes a sidereal rotation rate of 812~00/day (period= 10h3am25~4). 
These rates are only approximate because latitude-dependent rotation rates for Saturn 
are more uncertain than, say, for Jupiter; however, longitudes calculated from these 

*If other seeing and transparency scales are used, they should be defined. 
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Figure 10. Guide to selection of proper form for "Luna Incognita" observations, 
to Moon's librations in latitude and longitude. See also text on page 19. 
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tables should give conveniently small drift rates for most features. A.L.P.O. Saturn ob
servers are urged to make central meridian timings, combined with latitude measures (or at 
least estimates) whenever possible, so that these rotation rates, and any future C.M. ta
bles, can be made more accurate. 

To find the central meridian at any time, find the oh U.T. central meridian for the 
appropriate date and system, and then add the hours and minutes corrections from the re
lated table, "Motion of the Central Meridian," as shown in the example below: 

(text continued on page 24) 
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Figure 11. "Luna Incognita" under the most favorable libration conditions. Prepared and 
contributed by John E. Westfall. Readers are strongly encouraged to make careful visual 
and photographic observations of this last remaining portion of the Moon unmapped by Orbiter 
space photography. Dr. Westfall explains the use of his outline forms in an article on page 
19. The schedule of favorable presentations of "Luna Incognita" in 1978 is given on pages 
16-19. 
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SATURN, 1978 
LONGITUDE OF CENTRAL MERIDIAN OF ILLUMINATED DISK 

SYSTEM I -- Oh U.T. 

Da JAN. i FEll. 1'1AR. APR. MAY JUNE JULY AUG. SEP. OCT. NOV. DEC. 

1181~81 68~6 302~7 187~1 71~ 5 319~2 81~5 326~0 208~ 6 325~ 5 204~ 9 319~9 
2 305.9 192.7 66.7 311.1 195.7 83.3 205.5 90.0 332.6 89.4 328.7 83.7 
3 69.9 316.8 190.8 75.1 319.8 207.4 329.6 214.0 96.5 213.3 92.6 207.6 
4194.0 80.9 314.8 199.0 83.9 331.5 93.6 338. (I 220.4 337.1 216.4 331.4 

5 318.1 205.0 78.9 •323.0 208.1 95.6 217.6 102.0 344.3 101.0 340.2 95.3 
6 82.2 329.1 202.9 87.0 332.2 219.7 341.7 225.9 108.2 224.9 104.1 219.1 
7 206.3 93.2 326.9 210.9 96.3 343.8 105.7 349.9 232.2 348.7 227.9 343.0 
8 330.4 217.3 91.0 '334. 9 220.5 107.9 229.8 113.9 356.1 112.6 351.7 106.8 
9 94.5 341.3 215.0 98.9 344.6 232.0 353.8 237.9 120.0 236.4 115.6 230.6 

10 218.6 105.4 ,339.0 222.8 108.7 356.0 117.8 1.8 243.9 0.3 239.4 354.5 
ll 342.7 229.5 103.1 346.8 232.8 120.1 241.9 125.8 7.8 124.2 3.2 118.3 
121106. s 353.6 227.1 110.7 356.9 244.2 5.9 249.8 131.7 248.0 127.1 242.2 
13,230.9 117.7 351.1 234.7 121.1 8.3 129.9 13.7 255.6 11.9 250.9 6. 0 
14 355.0 241.7 115.1 358.6 245.2 132.4 253.9 137.7 19.5 135.7 14.7 129.9 

15 119.1 5.8 239.2 122.6 9.3 256.4 18.(1 261.6 143.4 259.6 138.6 253.? 
16 243.2 129.9 3.2 246.5 133.4 20.5 142. (I 25.6 267.3 23.4 262.4 17.6 
17 7.3 254.0 127.2 10.4 257.6 144.6 266.0 149.6 31.2 147.3 26.2 141.5 
18 131.4 18.0 251.2 134.4 "14 ~ 

!t..La( 268.7 30.0 273.5 155.1 271.1 150.1 265.3 
19 255.5 142.1 15.2 258.3 145.8 32.7 154. 0 37.5 279.0 35.0 273.9: 29.2 

20 19.5 266.2 139.2 22.3 269.9 156.8 278.0 161.4 42.9 158.8 37.7 153.0 
21 143.6 30.2 263.2 146.2 34.0 280.9 42.0 285.3 166.8 282.6 161.6 .276. 9 
22 267.7 154.3 27.2 270.1 158.1 45.0 166.1 49.3 290.6 46.5 285.4. 40.8 
23 31.81278.4 151.2 359.7 282.2 169.0 290.1 173.2 54.5 170.3 49.2 '164. 6 
24 ~55.9 42.4 275.2 89.4 46.4 293.1 54.1 297.2 178.4 294.2 173.1 288.5 

25 280.0 166.5 39.2 179.0 170.5 57.1 178.1 61.1 302.3 58.0 296.9 i 52.4 
26 44.1 290.5 163.2 268.6 294.6 181.2 302.1 185.1 66.2 181.9 60.7 176.2 
27 ~68.2 54.6 287.2 98.3 58.7 305.3 66.1 309.0 190.0 305.7 184.6 ,300. i 
28 ~92.3 178.6 51.2 288.0 182.8 69.3 190.1 72.9 313.9 69.5 308.4. 64.0 
29 56.4 175.2 117.7 306.9 193.4 314.1 196.9 77.8 193.4 72.2 187.9 

30 ~so. s 299.2 307.4 71. 0 317.4 78. 0 320.8 201.6 317.2 196.1 311.7 
31 po4.6 63.1 195.1 202.0 84.7 81.1 75.6 

MOTION OF THE CENTRAL MERIDIAN 

Olh -- 035~2 09h -- 316~5 17h -- 237~8 lOrn-- 005~9 Olm __ 000~6 
02 -- 070.3 10 -- 351.7 18 -- 273.0 20 -- Oll. 7 02 -- 001.2 
03 -- 105.5 ll -- 026.8 19 -- 308.2 30 -- 017.6 03 -- 001.8 
04 -- 140.7 12 -- 062.0 20 -- 343.3 40 -- 023.4 04 -- 002.3 
05 -- 175.8 l3 -- 097.2 2l -- 018.5 50 -- 029.3 OS -- 002.9 
06 -- 2ll.O 14 -- 132.3 22 -- 053.7 06 -- 003.5 
07 -- 246.2 15 -- 167.5 23 -- 088.8 07 -- 004.1 
08 -- 281.3 16 -- 202 0 7 24 -- 124.0 08 -- 004.7 

09 -- 005.3 
(See also text on pages 19, 20, and 24.) 
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SATURN, 1978 
LONGITUDE OF CENTRAL MERIDIAN OF ILLUMINATED DISK 

SYSTEM II -- Oh U.T. 

Dat JAN. FE11. I'IAR. APR. !'lAY JUNE JULY AUG. SEP. OCT. NOll. DEC. 
I 

li 84~7 59?5 117?5 90~ 0 93~3 69?0 311?3 283~ 9 254~6 131~5 99?0 33of. 0 
I 

151.6 209.6 182.0 185.4 161.1 43.3 15.9 346.5 223.4 190.8 65.9 21176.7 
3 l268. 8 243.7 301.6 274.0 277.5 253.1 135.4 107.9 78.4 315.3 282.6 157.7 
4i 0.9 335.8 33.7 5.9 9.7 345.2 227.4 199.9 170.4 47.1 14.5 249.6 

I 

sl93. 0 67.8 125.7 97.9 101.8 77.3 319.4 291.8 262.3 139.0 106.3 341.4 
6 185.1 159.9 217.8 189.9 193.9 169.4 51.5 23.8 354.2 230.9 198.2 73.2 
7 277.2 252.0 309.8 281.8 286.0 261.5 143.5 115.8 86.1 322.8 290.0 165.1 
8 9.3 344.1 41.8 13.8 18.2 353.6 235.6 207.8 178.0 54.6 21.8 256.9 
9 101.4 76.2 133.9 105.8 110.3 85.7 327.6 299.7 270.0 146.5 113.7 348.9 

10 193.5 168.3 225.9 197.7 202.4 177.8 59.6 31.7 1.9 238.3 205.5 80.6 
11 285.6 260.3 317.9 289.7 294.6 269.9 151.7 123.7 93.8 330.2 297.3 172.5 
12 17.7 352.4 50.0 21.6 26.7 2.0 243.7 215.6 185.7 62.0 29.2 264.3 
l3 109.7 84.5 142.0 113.6 118.8 94.1 335.7 307.6 277.6 153.9 121.0 356.2 
14 201.8 176.6 234.0 205.5 210.9 186.1 67.8 39.6 9.5 245.8 212.8 88.0 

15 293.9 268.6 326.0 297.5 303.0 278.2 159.8 131.5 101.4 337.6 304.7 179.9 
16 26.0 0.7 58.0 29.4 35.2 10.3 251.8 223.5 193.3 69.5 36.5 271.7 
17 118.1 92.8 150.1 121.4 127.3 102.4 343.8 315.5 285.2 161.3 128.3 3.6 
18 210.2 184.9 242.1 213.3 219.4 194.4 75.8 47.4 17.1 253.2 220.2 95.4 
19 302.3 276.9 334.1 305.3 311.5 286.5 167.9 139.4 109.0 345.0 312.0 187.3 

20 34.4 9.0 66.1 37.2 43.6 18.6 259.9 231.3 200.9 76.9 43.8 279.2 
21 126.5 101.1 158.1 129.1 135.8 110.7 351.9 323.3 292.7 168.7 135.7 11.0 
22 218.6 193.1 250.1 221.1 227.9 202.7 83.9 55.2 24.6 260.6 227.5 102.9 
23 310.7 285.2 342.1 280.7 320.0 294.8 175.9 147.2 116.5 352.4 319.3 194.8 
24 42.8 17.3 74.1 340.3 52.1 26.9 267.9 239.1 208.4 84.2 51.2 286.6 

25 134.9 109.3 166.1 39.9 144.2 118.9 359.9 331.0 300.3 176.1 143.0 18.5 
26 227.0 201.4 258.1 99.6 236.3 211.0 91.9 63.0 32.2 267.9 234.8 110.4 
27 319.0 293.4 350.1 254.9 328.4 303.0 183.9 154.9 124.0 359.8 326.7 202.2 
28 51.1 25.5 82.1 50.3 60.5 35.1 275.9 246.9 215.9 91.6 58.5 294.1 
29 :1.43. 2 174.1 205.7 152.6 127.2 7.9 338.8 307.8 183.5 150.4 26. 0 

30 235.3 266.0 1.1 244.7 219.2 99.9 70.7 39.7,275.3 242.2 117.9 
31 327.4 358.0 336.8 191.9 162.7 1 1.1 209.8 

MOTION OF THE CENTRAL MERIDIAN 

Olh -- 033~8 09h __ 304~5 l7h -- 215?2 10m-- oos?6 Olm __ 000?6 
02 -- 067.7 10 -- 338.3 18 -- 249.0 20 -- 011.3 02 -- 001.1 
03 -- 101.5 11 -- 012.7 19 -- 282.8 30 -- 016.9 03 -- 001.7 
04 -- 135.3 12 -- 046.0 20 -- 316.7 40 -- 022.6 04 -- 002.3 
OS -- 169.2 l3 -- 079.8 21 -- 350.5 50 -- 028.2 OS -- 002.8 
06 -- 203.0 14 -- 113.7 22 -- 024.3 06 -- 003.4 
07 -- 236.8 15 -- 147.5 23 -- 058.2 07 -- 003.9 
08 -- 270.7 16 -- 181.3 24 -- 092.0 08 -- 004.5 

09 -- 005.1 
(See also text on pages 19, 20, and 24.) 
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(text continued from page 20) 

Example: A festoon in the EZ transits the central meridian at 07h25m on February 
8, 1978, U.T. (the EZ is in System I). 

System I C.M. at Oh U.T., 8 FEB, 1978. 
+ Motion of the System I C.M. in: 07h. 

zorn. 
o--::-;:-::---,,.....,-..---;:-;=,.,..--,.,""'--,~o5~m . . . 
System I C.M. at 07hz5m, 8 FEB, 1978, u.l. 

Note that, if the calculated longitude exceeds 
in general, it is more real is tic to round calculated 
degree. 

217~3 
246.2 
011 .7 
ooz,g 
478~1 

- 360.0 
ll8~1 (ll8°) 

360°, one subtracts 360°, Also, 
longitudes to the nearest whole 

THE APPEARANCE OF JUPITER .!!:!. 1975-76: THE NORTH HEMISPHERE* 

By: Paul K. Mackal, A.L.P,O, Jupiter Recorder 

The observations here considered constitute an adequate sample for purposes of 
analysis of both the northern and southern hemispheres of Jupiter, exclusive of the SEBn, 
the SEB Z, the RSH, the RS, and the SEBs, during the 1975-76 apparition. The unique tri
ple South Equatorial Belt Disturbance has already been reported in Journal A.L.P.O., Vol. 
26, Nos. 9-10, pp. 184-192, May, 1977. A truncated format of that report was also given 
at the Kutztown Convention in 1976. The present report will deal with the north hemi
sphere of Jupiter; the equatorial regions and high southern latitudes will be covered in 
a later article. 

The contributing observers for the present article and its sequel are as follows: 

Observer 

Alexescu, Matei 

Boyer, C. 
Budine, Phillip W. 

Capen, Charles F. 

Dillon, W. G. 

Dragesco, J. 

Heath, Alan W. 

Hull, Richard L. 

Mackal, Paul K. 
O'Meara, Stephen J. 

Osawa, Toshihiko 

Roginski, Thomas 
Rouse, James K. 
Sanford, John 
Seaman, Gary C. 

Sette, G. and 
Vacchi, C. 
Sherrcd, Clay 

Station 

Bucharest, Romania 

Pic du Midi Observatory 
Walton, NY 

Flagstaff, AZ, Lowell 
Observatory 
Springfield, VA 

Orcines, France, 
Meudon Observatory, 
and Pic du Midi Observatory 

Nottingham, U.K. 

Richmond, VA 

Mequon, WI 
Cambridge, MA, Harvard 
College Observatory 

Nara, Japan 

Pulpit Rock, PA 
Naples, FL 
Orange, CA 
Big Bear Lake, CA 

Bologna, Italy 

North Little Rock, Arkansas 

Telescope(s) 

6-inch refr., 
6-i nch refl . 
42-inch refl. 
3.5-inch refr., 
4-inch refr. 
12-inch refr., 
24-inch refr. 
6-inch refl. 

10-inch refl. 
24-i nch refl. 
42-inch refl, 

12-inch refl. 

7-inch refl. 

12-i nch refl. 
6-i nch refl. 
16-i nch refl. 

12.5-inch refl, 

8-inch refr. 
8-inch refl. 
12-i nch refl, 
14-i nch refl. 

18-inch refl. 

5-inch refr. 

Data 

10 discs 

2 photos 
1 disc 
3 discs 
2 strip 

disc 

29 discs 
1 disc 

sketches 

11 photos and 
1 strip sketch 

ll discs, 1 in
tens i ty report 
3 discs, 
1 strip sketch 

25 photos, 1 disc 
6 discs 
2 photos 

14 discs, 
1 strip sketch 
1 photo 
9 photos 
5 photos 
3 photos 

2 photos 

13 discs, 
1 strip sketcn 

*In the illustrations on pages 26-29 all images are simply inverted with south 
at the top. 
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Observer Station Telescope(s) Data 

(Clay Sherrod) (North Little Rock, Arkansas) 6-i nch refl. 1 disc 
8-inch refl. 1 disc 
10-inch refl, 6 discs 

Smith, Michael B. Alamogordo, NM 3!,;-inch refr. 9 discs 
Tatum, Randy Richmond, VA 6-inch refl. 2 discs 
Vis ca rdy, G. St. Martin de Peille, France 21-inch refl. 7 photos 

Wessling, Richard J. Milford, OH 12.5-inch refl. 10 discs. 
1 photo 

Westfall, John E. San Francisco, CA 10-inch refl. 2 photos, 
1 disc 

The first signs of white oval activity in the NTrZ were seen by C. Sherrod on June 
25 and 26, 1975, at 27l 0 II and 93°II, respectively. According toT. Osawa, the NTB was 
double at 325°II on June 30, This NTrZ activity persisted till July 7 and July 10, re
spectively. The preceding end of the NNTB was first seen by Budine on July 8 at 40°II. 
The preceding end of the double NTB could be seen at 170°II on July 10, according to J. 
Dragesco. The general consensus of our observers was that an NTrZ Disturbance erupted in 
the same longitude, System II, as the first SEB Disturbance of 1975, though it was seven 
days earlier! However, similar detail could be seen one day earlier exactly l80°II prior 
to the so-called starting point! Since this was the first instance of an eruption in the 
NTrZ, rather than merely along the NTBs, it would appear that Jupiter can be entering a 
new phase of northern hemisphere activity. If so, as the NTrZ becomes more active in fu
ture years, then the SEB Z Disturbance activity could simultaneously be winding down. 
Proponents of the zenological phenomena on Jupiter in 1975 would draw no such conclusion, 
however. It is still my view that activity in the SEB Z and the NTrZ are completely in
dependent events. 

The NNTB was seen again by M. Alexescu on Aug. 24, 1975, at 65°II. A gap in the 
NTBn was also seen by him. On Aug. 28 R. Hull photographed the gap in the NTB, which 
appeared to include the NTBs. On Aug. 29 Dick Wessling defined the gap at 70°II. G. 
Viscardy photographed another gap, at 2l9°II on Aug. 30, on the NTBn. On the same day 
J. K. Rouse photographed the NNTB. On Sept. 2 Osawa perceived no NTrZ activity at 96°II, 
nor on Sept. 4 at 126°II. The zone was also clear at 144°II on Sept. 4 and at 255°II on 
Sept. 5, according to Osawa. However, on Sept. 5 Osawa did see a white oval in the NTrZ 
at about 3l5°II, In the Red Spot longitude Alexescu noticed columns and ovals in the 
NTrZ at about 20°II on Sept. 6, but this observation went unconfirmed on P. K. Mackal 's 
disc of Sept. 7 at 80°II. 

Possibly activity seen by Alexescu and by J. Dragesco at 300°II on Sept. 9 can be 
regarded as NEBn fragmentation into the NTrZ. Indeed, this idea appears likely. More 
of this sort of thing can be seen on Dragesco's Sept. 10 disc at 99°II and also at 170°II 
on P. W. Budine's disc of the same date. A photo by T. Roginski taken on Sept. 14, 1975, 
at 78°II showed the NTrZ both clear and bright. Another photo by Rouse taken on Sept. 16 
at 345°II, however, distinctly showed a NTrZ oval just touching the NTBs. Clearly, the 
long term activity of the NTrZn could be accounted for by the NTrZ Disturbance, while all 
sporadic activity in the NTrZs was easily generated by the greatly fragmented NEBn. 

Dragesco showed the NTBn fragmented at 192°II on Sept. 18, but strong at 350°II on 
Sept. 19, 1975. Several white ovals (either three or four) in a row were centered along 
the NTrZ in a green light photo by Sette and Vacchi on Sept. 25. They appeared to be 
located ahead of the RS. Ovals of a similar type can be seen on a disc by Dragesco made 
on Sept. 24 at l3°II, and confirmed by J. Westfall on Sept. 25 at 30°II. Detail in the 
NTrZ is visible on a photograph by Hull taken on Sept. 29 at the same longitude as the 
Sette photo. However, the exact longitude remains very uncertain. Following the RS no 
such NTrZ detail could yet be seen as indicated on a Sept. 30 photo by Rouse. 

Rouse's photo also appeared to be confirmed by the photo of S. O'Meara, using a 
larger telescope, on Oct. 1 at 75°II. However, the NTrZ Disturbance can be seen in all 
of its detail on the Pic du Midi photo taken by C. Boyer on Oct. 2, 1975, at 320°II. 
Dark spots and white spots are equally resolvable over the entire disc of Jupiter. Some 
NTrZ activity was seen at 165°II on Oct. 2, also by Alexescu, and at 260°11 on Oct. 3 by 
Dragesco. No activity could be seen in the RS longitude on two discs by Mackal on Oct. 
5, however. Yet, the preceding end of the NTrZ activity was clearly photographed on 
Oct. 5 by Hull following the RS, or at 77°II on a photo taken by Viscardy on Oct. 6. 
Detail in the NTrZ, mostly gray columns, could be seen at 172°1I and 217°I1 on Oct. 7, 
according to Dick Wessling. Some NTrZ activity alternately erupted in line with the RS 
thereafter. (See drawings in this report by Wessling and Dragesco.) An extra belt or 
NTrZBd could be seen on Oct. 7 (Dragesco) at 199°I1, on Oct. 11 (Wessling} at 46°11, and 
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SELECTED A.L.P,O. DRAWINGS AND PHOTOGRAPHS OF JUPITER IN 1975 

5-inch refr., 160X. C,M,=92°(I), 273°(II). 
Randy Tatum, July 10, 6-inch refl., 170X. C.t1.=243°(I) ,40°(II). 
J. Dragesco, July 21. 10-inch refl., 265X. Figure 15. Drawing by 
. 6-inch. 2h14m-2h3om, U.T. C.M. = 249°(I), 65°(II). Figure 16. 

Richard L. Hull, Aug. 28. 12-inch refl. Figure 17. Drawing by Toshihiko 
, . 12,5-inch ref],, 335X. CM.=224°(!), 303°(II). Figure 18. Drawing by 

r~atej Alexescu, Sept, 7, 6-ir.ch, 225X. 2h35m-zh4gm, U.T. C.M.=313°(I), 22°(II). 
19. Drawing by Phillip W. Budine, Sept. 10. 4-inch refr. 250X. C.M.=119(I), 

Il . Figure 20. Photograph by Thomas Roginski, Sept. 14. 8-ingh refr. shorn, U.T. 
I , 78°(ll). Figure 21. Photograph by James K. Rouse, Sept. 16. 8-inch refl. 

sm- , lJ.T, C.M,~0°(I), O"(II). Figure 22. Drawing by J. Dragesco, Sept. 18. 10-
inch refl ,, ZOOX, C.M.•214"(1), 192"(11) 
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SELECTED A.L.P.O, DRAWINGS AND PHOTOGRAPHS OF JUPITER IN 1975 

Figure 23, Photograph by G. Sette and C. Vacchi, Sept. 24. 18-inch refl. 23h11m, U.T. 
C.M.=l49°(I), 82°(II), Figure 24. Photograph by Richard l. Hull, Sept. 29. 12-inch ref1. 
Figure 25. Photograph by C. Boyer, Oct. 2. 42-inch refl. C,M.=3l4°(I), 320°(!1). Yellow 
light. Figure 26. Drawing by Matei Alexescu, Oct, 2. 6-inch, 375X. zzh_zzhzom, U.T. C.t1.= 
296°(1), 168°(II). Figures 27 and 28. Photographs by Richard L. Hull, Oct, 5. 12-inch refl. 
Figure 29. Photograph by G. Viscardy, Oct. 6. 21-inch refl. C.M.=236°(I), 7JO(II). Figure 
30. Drawing by J. Dragesco, Oct. 6. 10-inch ref1., 265X. Figure 31. Drawing by Richard J. 
Wessling, Oct. 7. 12.5-inch refl., 210X. CJ1.=33P(I), 172°(!I). Figure 32. Another draw
ing by Richard J. Wessling on Oct. 7. C.M.=l7°(I), 217°(11). Figure 33. Drawing by J. 
Dragesco, Oct. 7. 10-inch refl. C.M.=350°(!), l90°(II). Figure 34. Drawing by Richard J. 
Wessling, Oct. 11. 12.5-inch refl. C.M.•236°(I), 46°(II). 
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DRAWINGS AND PHOTOGRAPHS OF JUPITER IN 1975 

Figure 35, Drawing by Richard J. Wessling, Oct. 12. 12.5-inch refl. C,M.=28"(I), 290"(11). 
Figure 36. Drawing by Matei Alexescu, Oct, 16, 6-inch. Figure 37, Photograph by Gary Seaman, 
Oct. 16. 14-inch refl. Blue light, exposure 2,75 seconds. Figure 38. Drawing by Toshihiko 
Osawa, Oct. 19. 12.5-inch refl. C.M.=164°{I), zn•(II). Figure 39. Photograph by Richard 
L. Hull, Oct. 19. 12-inch refl. Figure 40. Drawing by Toshihiko Osawa, Oct. 21. 12.5-inch 
refl. C.~1.=83"(I), 233"(II). Figure 41. Photograph by G. Sette and C. Vacchi, Oct. 21. 18-
inch refl. 21h49m, U.T. C.M.=46"(I), 133"(II). Figure 42. Drawing by J. Dragesco, Oct. 22. 
10-inch refl. C.M.=194"(I), 275"(1I). Figure 43. Photograph by James K. Rouse, Oct. 27. 8-
inch ref1. 4h5m-4h3om, U.T. C.M.=353"(I), 40°(II). Figure 44. Drawing by Matei Alexescu, 
Oct. 28. 6-inch, 375X. Figure 45. Drawing by Alan W. Heath, Oct. 28. 12-inch refl., l90X. 
C.M.=5"(1), 40"(II). Figure 46. Another drawing by Alan W. Heath on Oct. 28. C.M.=60"(I), 
94°(11). 
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SELECTED A.L.P.O. DRAviiNGS AND PHOTOGRAPHS OF JUPITER IN 1975 

Fig. 48 

Fig. 53 Fig. 54 Fig. 55 

Figure 47. Photograph by James K. Rouse, Nov, 23, 8-inch refl. lh4om-zhom, U.T. C.M.= 
207°(I), 49°(!I). Figure 48. Photograph by Richard L. Hull, Dec. 5. 12-inch ref1. C.M.= 
4P(II). Figure 49. Photograph by Richard J. Hessling, Dec. 8. 12.5-inch refl. Figure 
50, Drawing by Alan W. Heath, Dec. 8. 12-inch refl. C.M.=305°(I), 27°(II). Figure 51. 
Drawing by J. Dragesco, Dec. 10. 10-inch refl. C.M.=288°(I), 345°(II). Figure 52. Photo-
graph by ,J. Dragesco, Dec. 21. Pic dll ~1idi 42-inch refl. C.M.=242°(I), 224°(II). Figure 
53. Photograph by J. Dragesco, Dec. 22. 42-inch refl. 19h5sm, U.T. C.M.=48°(I), 22°(II). 
Figure 54. Photograph by J. Dragesco, Dec. 23. 42-inch refl. C.M.=ll3°(I), 81°(II). 
Figure 55. Photograph by J. Dragesco, Dec. 23. 42-inch refl. C.M.=l55°(I), 125°(1!). 
Figure 56. Drawing by Toshihiko Osawa, Jan. 1, 1976. 12.5-inch ref1. C.I·1.=184°(I), 85°(II). 
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on Oct. 12 (Wessling) at 290°II! The location of this band and the small white ovals 
embedded in it certainly confirm our claim that the NTrZ Disturbance erupted in 1975, 
but the real preceding end was most certainly located ahead of the RS and the first 
SEB Z Disturbance. Phillip Budine discussed the NTrZ Disturbance and its movements, 
J.A.L.P.O., Vol. 26, Nos. ll-12, pp. 230-231. G. Seaman photographed one preceding end 
~n blue light on Oct. 16 just following the RS. A white oval was still visible at 273° 
II, according to Osawa on Oct. 19 and also at 233°II on Oct. 21. The actual preceding 
end of the NTrZ Disturbance was originally observed to be at 271°II. 

Throughout this period the NTBs had been darker than the NTBn. However, on Oct. 
21, 1975, Sette and Vacchi noticed the exact reversal of this state of affairs. The 
NTBn was now darker than the NTBs. Dragesco confirmed this order on Oct. 21. Activity 
in the NTrZ continued to be visible throughout the rest of the apparition on a slightly 
less protracted basis. (See the illustrations accompanying this report.) The preceding 
end appeared to become less active, while the activity in the vicinity of the RS became 
stationary in location by Oct. 28, according to a disc by Heath at 94°II, though Sherrod 
still showed comparable activity at 47°II on Nov. 16. Perhaps there were two points of 
co-eruption here, Confirmation of Sherrod's position of that co-eruption point in the 
RS longitude could be seen on Hull's photo of Dec, 5 extending from 34° to 60°II. A 
photo by Dick Wessling taken on Dec. 8 at l40°II confirms Heath's oval too, just pre
ceding the C.M. Heath himself confirmed Sherrod's oval at 27°II on Dec. 8. Two photos 
by Dragesco using the 42-inch reflector at Pic du Midi showed great amounts of detail 
in the NTrZ on Dec. 21 and 22 at 224°II and 22°II, respectively, also on Dec. 23 at so 
II and l25°II. 

Concise Encyclopaedia of Astronomy, 2nd edition, by A. Weigert and H, Zimmerman, 
translated by J. Home Dickson. Crane, Russak, and Co., New York, N.Y. 532 pp. Price 
$19.75. 

Reviewed by Alain Porter 

Although originally entitled ABC der Astronomie, this book is more than just a 
few days of light reading for the armchair astronomer or the novice looking for a gen
eral introduction to astronomy, It is what the title suggests; a one volume encyclo
paedia of some 2,000 entries of astronomical interest. The print is fine; and there 
are some 250 sketches, photos, and short tables in the body of the text. There is an 
appendix of 9 tables, 16 pages of glossy photographs, and fold-out maps of the sky down 
to magnitude 5.5. The entries are very readable--the few "Germanisms" and imprecisions 
remaining in the grammar are never a hindrance to the reader's understanding. 

One of the book's strongest points is that whenever appropriate, an entry is 
treated both observationally and theoretically, The entry on the Moon, for example, be
gins with the Moon's large scale characteristics, proceeds to its motion and surface 
properties, and finally considers its origin and evolution. Non-observational topics 
are well treated; for example, the entries on stellar evolution, stellar atmosphere, 
and stellar structure take up nearly 30 pages. Some important equations are given, 
always with enough textual explanation to prevent confusion. There is also much atten
tion to astronomical history and nomenclature. 

The Encyclopaedia attempts, in cases of yet unresolved questions, to present all 
sides of an argument. This is done to great effect. Candidate theories are set up one 
after the other only to be attacked with serious objections. It is thought-provoking 
reading. The recent publication date (October, 1976) is an added benefit. Mariner 10 
and Pioneer results are the latest Solar System studies quoted so that the book appears 
to represent the state of astronomy as of late 1975 and early 1976, 

The authors make un unqualified claim that no life exists on the gas giants. In 
the reviewer's opinion, at least, this statement is a bit arbitrary. Under "cosmogony" 
it is suggested that "about 0.01% to 0.1% of all stars in the Milky Way ... possess 
planetary systems." Shklovskii and Sagan (Intelligent Life in the Universe, p. 152) 
make this estimate at least 10%, and possibly more than 50%. On page 17 the common but 
erroneous statement that M3l is the most distant object visible to the naked eye is re
peated. Many of the magnitudes quoted for bright stars are O.l-0.2 units brighter than 
those given in the Skalnate Pleso Atlas Catalog. On page 25 it is said that the Mayas 
recorded a total lunar eclipse in 3379 B.C. This assertion must be a misprint; the 
Mayas did not settle in Mexico until after the start of the Christian era. There is 
another misprint on p, 7; the letter "Q" is missing from its indicated place on dia
gram 2. Readers should remember that many of the estimates of asteroid diameters (p. 
27) have recently been increased, and that the Quadrantid and Aquarid meteor showers 
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are stronger than the table on p. 246 indicates, the latter especially for southern 
observers. 

The book's biggest drawback is a common one--cost. Despite the minor problems 
just mentioned, I would recommend the book to all those interested in, or active in, 
astronomy, if it were somewhat less expensive. I most enthusiastically recommend it 
for those in their first few years in the field; they will find it well worth the cost. 
Advanced observers, however, might want to examine a copy more closely before buying, 
or even consider another book more suited to their needs. 

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

On Stonehenge, by Fred Hoyle. W. H. Freeman and Co,, 660 Market Street, San Fran
cisco, California 94104. 1977. 157 pages. Price, softcover $6,50; hardcover $9.75. 

Reviewed by Rodger W. Gordon 

Since Gerald Hawkins published his now famous "Stonehenge Decoded" in 1965, there 
has been an ever increasing pursuit of old ruins and dead civilizations around the world 
in search of more evidence that early man built many of his structures to calculate the 
motions of the heavenly bodies, or at least used them in a religious connotation in a 
particular society. However, Hawkins often agrees with the general conclusions of other 
astronomers, who have delved into Stonehenge, as to the uses of Stonehenge. 

It is usually true that scientists rarely cross over their respective fields and 
comment or publish ideas where it would appear that their expertise must be somewhat 
less than that of persons trained in another field. Fred Hoyle, however, has no such 
qualms. He eagerly takes on the critics of Hawkins with his own thorough re-analysis, 
which in general supports Hawkins; but he goes into more depth. After reading his re
buttals to Hawkins' critics, the reviewer feels that the archaeologists and anthropolo
gists who still do not accept Hawkins' views are now clearly on the defensive since their 
explanations for Stonehenge are far less acceptable than Hawkins', One gets the feeling 
that Hawkins' views are rejected by them more on emotional grounds than on scientific 
ones, and this is undoubtedly caused by the fact that an outsider (in terms of his pro
fession) has apparently explained what had been a ''thorn in their sides" for a long time. 
However, it is something they do not want to accept. 

The proof of any scientific theory is how well it holds up to observational tests 
which can be prescribed for it. Hoyle clearly shows in his arguments, not only how 
Stonehenge was used for astronomical calculations in the past; but he shows how it can 
be used for the future as well. That Stonehenge had astronomical origins and uses can 
no longer be reasonably doubted. The fact that it requires historians, anthropologists, 
and archaeologists to revise their thinking on the intelligence of early man simply 
means that early man was more intelligent than man of today cares to admit. Astronomy 
has always been regarded as man's earliest science, and Stonehenge appears boldly to 
prove it. 

Hoyle's book is a refreshing cry from the usual articles one reads in "popular" 
accounts, some of which are more pseudoscience than real science. If you don't cur
rently have any books on archeo-astronomy, you should definitely add this book to your 
library. 

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

Ten Faces of the Universe, by Fred Hoyle. 
co, Calif, 1977, 207 pages. 92 illustrations. 

W. H. Freeman and Company, San Francis
Price $10.95, softcover edition $6.95. 

Reviewed by Richard L. Hull 

As its title states, this new book by Fred Hoyle introduces the reader to ten 
aspects of the universe which the author considers important to the understanding of the 
universe and man's role in it. Not only are the latest scientific findings included re
garding astronomy and cosmology, but the philosophical implications of all this material 
are treated. There is also a frank and almost shocking discussion regarding man's fate 
in the next fifty years. As a source of detailed scientific information this book is 
skimpy, but Mr. Hoyle's objective appears to be that of bringing together ten complex 
aspects of the universe on which man has pondered in order to give the reader a grasp 
of the beauty of the universe in a broad sense. 

As we are taken through each facet of the universe, we are impressed at man's 
understanding of nature on the grand scale; but in the end, we are made ashamed of his 
shortsightedness as regards his understanding of himself and what it will require if he 
is to survive and to mature into a species capable of attaining a total understanding of 
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the universe and a wholesome comprehension of his role in it. 
Interesting anecdotes, relating to the author's own learning process and discovery 

as a young boy, are used to show how our educational system has stunted the mathematical 
growth of young minds in an attempt to produce a "well rounded individual'' who usually 
learns by rote as opposed to grasping concepts by developed intuition. 

This book goes deeply into some classically sensitive areas in an attempt to jog 
the complacent but thinking reader into a state of awareness regarding man's future and 
what he might do to prevent his vanishing as an experiment of nature which failed. 

In short, Ten Faces of the Universe is like a scientific play with its humor, 
tragedies, and social commentary, mixed with a fine display of the scientific discoveries 
of man. This book will appeal to anyone concerned with man, his science, the universe, 
and how they interact. 

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

Starscapes, by Garrett Verschuur, Little Brown and Company, Boston, MA. 1977. 
202 pages. 4 page glossary. Price $6.95. Paperbound. 

Reviewed by Edwin F. Bailey, retired lecturer, Fels Planetarium 

Astronomy is a subject for a library, and it has long since gotten out of the 
one-volume coverage class. Like medicine, it has specialists and specialized books de
voted to a single phase of the subject. Beginners in our field have the problem of who 
and what to read. Starscapes is an interesting approach to this urgent problem. It is 
built up of individual essays which originally appeared in a popular journal. It has a 
few new chapters and expanded illustrations--in fact, it is almost a tabloid with 50% 
pictures and 50% letterpress. While it does not cover the whole science, it picks top
ics which are factually and explicitly covered. Very little is given about the Sun, 
Moon, and planets; however, there is more about stars, galaxies, and cosmology. Radio, 
infrared, ultraviolet, and X-ray astronomy, to name a few of the subjects, are treated. 
Quasars, relativity, stellar evolution, black holes, and life elsewhere than on the 
Earth show the scope of the essayist. The topics are examined with a new technique and 
with good exposition. 

Well-written by a planetarium person (this group informs the public) as a first 
book, it creates interest without overpowering the reader. It lacks a list of illustra
tions and an index. This absence appears strange with all the white paper available. 
The book designer has expanded a small letterpress book by the use of large type and lots 
of extra white space to fill the 202 pages. 

We like the writing style and hope for more of the same. Read this book to keep 
up to date with your science. 

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

Introduction to Astronomy, by R. A. Oriti and W. B. Starbird, Glencoe Press, 
Encino, CA. 1977. 402 pages. Price $12.95. 

Reviewed by Winifred Sawtell Cameron, NSSDC, GSFC, Greenbelt, Maryland 

This book was written for non-mathematical students and laymen. It is admirably 
suited to its intended clientele. Astronomy is presented in an interesting and informal 
way, and the book is a joy to read as it is practically error-free. It shows care in 
writing, editing, and type-setting, 

The book is arranged in divisions, which are: Beginning of Astronomy, Our Solar 
System, Stellar Astronomy, and Popular Sidelights. Under Beginning of Astronomy the 
subjects treated are: The Beginning of Astronomy, The Moving Earth, Time and the Calen
dar, and Tools of Astronomy. Our Solar System discusses: The Planets of Our Solar Sys
tem, Satellites in the Solar System, Comets and Minor Planets, Meteors and Meteorites, 
and Eclipses, Occultations, and Transits, Stellar Astronomy contains: The Sun, Stars 
I: Observable Characteristics, and Stars II: The Indirect Approach, Stellar Evolution, 
The Milky Way and Other Galaxies, and Cosmology, Under Popular Sidelights the subjects 
Constellations and Mythology, Astrology, Flying Saucers, Life in the Universe, and the 
Value of Space Exploration are treated and are followed by several appendices, a glos
sary, and an index, This section, Popular Sidelights, is nicely balanced with rational 
discussion and little prejudice for or against some of the interpretations. The illus
trations are simple, lucid, and pleasing; and the photographic plates are very good. 
It is regrettable, however, that no citations or references for further reading were 
provided, It is also regrettable that the English system of units was used instead of 
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the metric, which would be more beneficial to the coming generation. Metric units 
with the English equivalents parenthetically given should have been used. On page 210, 
the discussion erroneously revolves the fixed stars around the Sun instead of the Earth 
(which is an apparent motion owing to its rotation). 

In these times, under conscience-raising stimuli, it is distressing that the 
authors used the pronoun "he" all the time, with the implication that only men contri
bute to astronomy, Few women astronomers were mentioned. 

The few misconceptions or inaccuracies noted by this reviewer are the following: 
the caption for Fig. 16.7 (p. 300) implies that Ophiuchus is the serpent, which is not 
correct. He (Ophiuchus) holds Serpens (the serpent) in his hands. On page 302 the 
Coal Sack is indicated as being in Cygnus, but it is in the southern hemisphere. There 
is a dark area in the Milky Way that divides it into two parts in Cygnus, but this rift 
is not known as the Coal Sack. 

I thought that the chapter on Life in the Universe was particularly good. The 
book can be readily recommended for non-science majors for science requirement courses 
in colleges, for the general public interested in astronomy, and for high school science 
courses. Although the text is rather elementary, the questions at the end of the chap
ters are very provocative and stimulate thought, for not all have answers in the text. 
At $12,95 this text is well worth the money. 

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

Astronomy for the Amateur, Volume I, Planetary Astronomy, Third Edition, by 
Rollin P. VanZandt, P, 0. Box 3013, Peoria, Illinois 61614. 1977. 242 pages. Price 
$8.75. Loose-leaf format (8~" x 11"). Punched to fit a three-ring notebook. 

Reviewed by Michael B. Smith 

This is the Third Edition of Volume I (Planetary Astronomy), although I would 
prefer to call this volume "Solar System Astronomy" because the Sun is covered quite 
thoroughly in Chapter 8. I think Mr. Van Zandt is to be commended in the highest man
ner for publishing such a useful and masterful work. The loose-leaf format makes it 
very easy for additions and deletions to be accomplished by anyone owning the complete 
two-volume set, 

Volume I, Third Edition, is arranged into eight chapters, beginning with a very 
comprehensive study of our star and its system of planets, and our place within the 
Milky Way galaxy, 

Chapter 2 contains very informative text, including much information both old 
and new about each of the planets in our Solar System, starting with the planet Mer
cury and progressing outward. I really enjoyed Mr. Van Zandt's treatment of each 
planet's data. Each planet is described as the unique and individual object that it 
is. 

Chapter 3 is a descriptive view of the appearance of each of the planets as seen 
from planet Earth, and the reasons different planets appear at different times in our 
skies. Planetary orbits and navigation are also discussed. 

Chapter 4 deals with the known satellites of each planet in our Solar System. 
Very up-to-date reports appear on Io and Titan, as well as the newly discovered "Rings 
of Uranus." I personally feel that this chapter alone would more than justify the 
purchase price of the entire volume. 

Chapter 5 consists of a vast array of data on the Earth's natural satellite, 
the Moon. Much information is given about unmanned lunar probes and of course the 
Apollo series of manned exploration. Beautiful photographs from Lunar Orbiters and 
Apollo Command Modules complement the text. Lunar geological processes as well as 
structure and history are also covered in great detail, with numerous excellent dia
grams aiding the understanding of the text. 

Chapter 6 adequately describes the lesser members of our Solar System: the 
comets, asteroids, and meteoroids which orbit the Sun. Perhaps as a touch of spice, 
Mr. VanZandt even adds a small article on UFO's, much to the delight, I'm sure, of 
Dr. Hynek, and probably of many other ''watchers of the skies." 

Chapter 7 is a very good lay treatment of the great ideas and theories which 
have developed since the time of Ptolemy in the fields of physics and astronomy. 
Again, excellent diagrams are used to illustrate and to help explain the text. 

Chapter 8 contains a very interesting treatment of the Sun, the center of our 
Solar System. The telescopic appearance of the Sun is discussed, as well as the 
sunspot cycle, Several theories are presented as to the cause of sunspots, with a 
final section on the behavior of the Sun. 

Four appendices follow Chapter 8 and are arranged in tabular form as an aid to 
the amateur astronomer. Appendix I contains statistical data for the Sun and all 
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the planets; Appendix II, a derivation of the formula for sider:al perio~; Appendix 
III, the relationship amongst right ascension, hour angle, and ~1dereal t1me; and 
Appendix IV, a tabular listing of data for all ~h~ known .satelll~es of the Solar Sys~em. 

A beautiful map of Mars prepared by the V1k1ng ProJect Off1ce and a constellat1ons 
map complete Volume I, Third Edition. . . 

In my opinion, this volume is the most valuable and readable astronom1c~l publl
cation in existence for the amateur astronomer. The format and content make 1t a plea
sure to read and use for reference. I very highly recommend this work to any and all 
amateur astronomers, both as a source of great reading enjoyment and education as well 
as a reference book. 

NEW BOOKS RECEIVED 

By: John E. Westfall, James W, Young, and J, Russell Smith 

Cosmology +1, edited by Owen Gingerich, W. H. Freeman and Co., 660 Market Street, 
San Francisco, CA 94104, 1977. 113 pages. Price $8.50 cloth, $4.50 paper. Notes by 
John E. Westfall. 

Cosmology +1 consists of ten articles on cosmology, "plus one" on attempts to 
contact extraterrestrial intelligence, that appeared in Scientific American between 
1956 and 1977. Three older articles provide historical background; the rest date from 
the 1970's. Topics covered include the red-shift, cosmological evolution (emphasizing 
the "big-bang" theory), space-time curvature, quasars, and black holes. Among the au
thors are Sandage, Gamow, Hawking, Sagan, and Drake. The numerous illustrations are 
well-done, and this thin volume is recommended as an introduction to contemporary trends 
in cosmology. Some redundancy appears inevitable in such an anthology, but this repe
tition may actually help to reinforce some hard-to-grasp concepts. 

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

Planetary Satellites, edited by Joseph A. Burns. The University of Arizona Press, 
Tucson, Arizona, 1977. 598 pages. Price $19.95. Notes by James W. Young. 

This recent volume contains a wealth of planetary satellite information compiled 
by the editor, using 33 collaborating authors. The material is highly technical and 
mathematical, much of it coming from many edited and combined excerpts of Astrophysical 
~papers appearing in the last 4 to 5 years. Deeply rooted around astrophysical 
concepts through photometry, polarimetry, and spectrophotometry, this text reveals the 
most modern and current views of satellite data under one cover. 

Well illustrated with tables, diagrams, and even recently released satellite 
photographs, this book deals with the Solar System's natural satellites in a most diver
sified manner. Included is an expanded glossary and a complete reference and biblio
graphy listing. 

Although this volume has some outdated material, normal in planetary science, 
the reviewer highly recommends Planetary Satellites to the serious investigator of our 
Solar System's natural satellites. 

* * * * * * * * * * * * * * * 
The Universe, Its Beginning and End, by Dr. Lloyd Motz. Charles Scribner's Sons, 

New York, N.Y. 1975. 343 pages. Price $14.95. Note by J. Russell Smith. 

This hardback edition has already been reviewed in Journal A.L.P.O,, Vol. 26, 
Nos. 9-10, pp. 202-203. Now, on October 14, 1977, the publishers have announced a 
paperback edition of the same book priced at $4,95. 

OBSERVING MARS .'ill--THE 1977-78 APHELIC APPARITION 

By: C. F. Capen, A.L.P.O. Mars Recorder 

Abstract 

The 1977-78 Martian apparition geometric values, seasonal aspects, and observa
tional possibilities are given. Helpful graphs, maps, and a calendar of events are 
presented for the telescopic observation of Mars. 
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Figure 58. Spectral transmission curves of some Eastman Kodak Wratten Filters widely 
used for planetary observation. The wavelength regions appropriate for specialized pur
poses are indicated by horizontal bars below the graph. The W30 filter, magenta in color, 
transmits in both the violet-blue and the orange-red regions as shown by the heavy dash
dot curve. The orange-red portion coincides with the W23A orange filter. Also see Ref
erence 1 for further filter information. 

* * * * * * * * * * * * * * * 
Introduction 

This autumn, winter, and spring the planet Mars will be favorably placed in the sky, 
we 11 north of the ce 1 es ti a 1 equator, giving improved "astronomical seeing" to observers 
located in the northern hemisphere of the Earth. The A.L.P.O. Mars Section observing 
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program is an international cooperative effort. Observing Mars from stations located 
around the world gives the advantage of a synoptic surveillance of all Martian longi
tudes. The A.L.P.O. Mars Recorders coordinate and instruct observers in using similar 
observing techniques, colored filters, and methods of reporting their data. Obtaining 
a homogeneous set of data aids greatly in its interpretation and analysis. Visual ob
servations and photographs are contributed to the A.L.P.O. Mars Section by individual 
observers and by members of observatories and international organizations, e.g.; the 
Societe Astronomique de France, the Oriental Astronomical Association, the British As
tronomical Association, the Albireo Astronomical Society, and several professional ob
servatories located around the world. Since the major NASA International Planetary 
Photographic Patrol Program, administered by Lowell Observatory, and other telescopic 
programs at other institutions have been discontinued or curtailed, it is most important 
now that amateur and professional astronomers carry on the most needed seasonal observa
tions of the Red Planet (Ref. 1). 

1977-78 Apparition Characteristics 

Mars has an average 15.8-year seasonal opposition cycle, which consists of 3 con
secutive perihelic oppositions and usually 4 aphelic ones. During this current cycle 
there are 5 aphelic oppositions. Because of the unusually long Martian apparition of 
about 1 terrestrial year, it is possible to observe Mars throughout 2 Martian seasons. 
There is about 1 Martian season overlap and about one season advance between consecutive 
apparitions, as indicated in Fig. 57. The 1977-78 Martian apparition is an epoch of 
northern spring and summer, or southern autumn and winter. It is an aphelic apparition 
since opposition occurs on January 22, 1978, just 53° before aphelion passage on April 7. 

The maximum apparent angular disk diameter of 14~3 occurs on January 19, three days 
before opposition. The disk diameter is then just 2'~3 less than that reached in Decem
ber, 1975. Many important observational happenings occur around the time of opposition 
because of the Martian season and the orbital geometry between Earth and Mars. Refer 
to the 1977-78 Graphic Ephemeris in Fig. 59 and the Martian Calendar of Events, Table I. 
During this period of maximum disk diameter the subearth (Mars' tilt) and subsolar points 
are coincident along the l3°N. parallel. This aspect makes possible specular reflection 
observations of brightened white patches and improves local contrasts in nearby lati
tudes. The north tropical region of Mars is favorably tilted to the observer during 
most of the apparition, as shown by the subearth dashed line on the Graphic Ephemeris of 
Fig. 59. The apparent disk diameter for the apparition, represented by the solid curve, 
shows that observation is practical from September, 1977 to mid-May, 1978, when the dia
meter is greater than 5 arcseconds. Quality photography and visual studies are possible 
above 10 arcseconds from late November, 1977 to mid-March, 1978. 

Observational Possibilities 

A.L.P.O. observations made through different color filters are compared, specific 
features are measured, and they are interpreted with regard to the Mariner 9 data, the 
latest Viking TV photography, and the USGS Atlas of Mars. Since the part of the Martian 
year that is presented to us during this apparition TSinorthern spring and summer, a 
special study is possible of the limb/terminator hazes and white clouds in blue light, 
frosted white areas on up-slopes and crater floors in green or yellow light, and the an
nual retreat of the North Polar Cap in yellow or orange light. Certain new dark features 
should be checked to see whether they return to their former appearance they possessed 
during the equivalent Martian season in the 1950's. The use of color filters and their 
spectral responses are shown in Fig. 58. Also see Ref. 2. 

Polar Regions: The North Polar Cap (NPC) will be the salient polar feature this 
apparition. Observers should look for the times when the bright spring cap appears to 
be clear of the dull, gray winter hood of arctic cloud~. The darkening and the broaden
ing of the NPC's polar collar can be monitored. Incidentally, Mariner 9 TV photography 
did confirm the existence of the dark polar collar which planetary astronomers have been 
observing for a century. That's progress. The rapidly shrinking NPC can be seen just 
after opposition. Any peripheral white frost patches should be noted. The south polar 
region will be covered most of this time by a polar hood. Any brightenings in the 
Hellas, Argyre, and similar basins should be recorded. 

Martian Meteorology: The Martian atmosphere is dynamic. The white clouds con
sisting of water droplets, yellow dust clouds, C02 blue hazes on the limbs, and surface 
ice-fogs have been increasingly studied in the last decade. White clouds and limb hazes 
were reported over a century ago. A.L.P.O. observations show that the occurrence of 
clouds is coupled with the seasonal thawing and condensation of the polar ice caps. 
An intensive statistical research program is now in progress using A.L.P.O. international 
observing data. 
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Figure 59. A Graphic Ephemeris for the 1977-78 apparition of Mars showing the apparent 
disc diameter (solid curve) in arcseconds, the latitude of the subearth point or the 
apparent tilt (dashed curve) in areocentric degrees, and the latitude of the subsolar 
point (dash-dot curve) in areocentric degrees. The areocentric longitude Ls of the Sun 
shown along the right edge of the graph defines the Martian seasonal date. The value of 
Ls is 0° at the vernal equinox of the northern hemisphere, 70° when Mars is at aphelion, 
and 90° at the summer solstice of the northern hemisphere. Graph prepared and contri
buted by Mars Recorder C. F. Capen. Interval covered August, 1977 to July, 1978. 
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Limb brightening is caused from nonrotating hazes which are confined to the 
chilly edge of night; therefore, they are found along the limb and terminator of the 
planet. The hazes in the polar regions are probably composed of co2, and those in the 
equatorial region probably consist of a mixture of H20 and C02 crystals. Just how sea
sonally dependent the limb hazes are is still in question. High altitude hazes are seen 
best in violet or blue light. When they are seen in other colors, they are suspected to 
be ground ice-fogs of water crystals. 

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

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

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

One remarkable example of a localized cloud was retraced by C. Capen as far back 
as 100 years. Known today as the "Syrtis Cloud," it recurs every Martian year at about 
the time of the northern summer solstice and lasts through the first part of summer 
(80°-l40°Ls), circulating around the Libya Basin and the Syrtis Major. Color photos and 
cross-checking with tricolor filters show the cloud to be dense, bright, and ~lue-white. 
The dark Syrtis Major changes to a light blue in the cloud's presence. The astute ob
server, P. A. Secchi, Rome College Observatory, may have seen this cloud on June 13-16, 
1858. He reported a large blue triangle that he and Padre Cappelletti named the "Blue 
Scorpion," after its shape and color. Padre Secchi 's observations were made at the 
correct Mart1an season when the Syrtis Cloud should have been present. The cloud was 
affirmatively seen by J. N. Lockyer on October 3, 1862. It was well observed during the 
1911 apparition by members of the BAA in England and was repeatedly seen in 1920 with 
the 24-inch Clark refractor by G. H. Hamilton, E. C. Slipher, and V. M. Slipher when it 
was so dense that it divided the Syrtis Major into three sections. C. W. Tombaugh, 
C. H. Nicholson, and C. Capen saw the cloud in early Martian summer (10l 0 -l04°Ls) in the 
1950 apparition. At this time Syrtis was probably a bright bluish-white color because 
Nicholson and Capen recorded the Syrtis on the morning limb as a brilliant pea-green 
color through a light yellow filter. Blue plus yellow make green. The Syrtis Cloud was 
first recognized as a seasonal phenomenon from color photography by C. Capen during the 
aphelic apparitions of the 1960's, which prompted an immediate investigation of histori
cal observations. Refer to Figures 60 and 61 and to Ref. 3. 

Surface Morphology: Many of the telescopic light and dark albedo features are 
controlled by the topographic relief features discovered by Mariner spacecraft. There
cognition and interpretation of the behavior of the albedo features using the topo relief 
maps of the USGS Mars Atlas makes an interesting investigation by itself. 

White Areas: Certain light areas exhibit bright, white patches, which probably 
occur seasonally on Mars because they are often observed at a time when a polar cap is 
rapidly thawing near its summer solstice. They have been attributed to either a surface 
deposit of frost or a dense ice-fog in contact with the surface, analogous to our terres
trial polar ice-fog "white-outs." Frosts show up best through green or yellow filters, 
and ice-fogs through magenta or blue-green filters. Viking orbiter photography has 
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Figure 60. Three views of Martian summer orogenic clouds (CL) which form along the 
slopes of the Libya and Syrtis Major (SM) region. These are seasonal clouds first ob
served by J. N. Lockyer in 1862 and have been seen regularly during each northern summer 
in the present century. (A) Drawing of Mars in April, 1920 during Martian July by G. H. 
Hamilton with the Lowell Observatory 60-cm. (24-inch) Clark refractor. (B) and {C). 
Photographs taken in natural colors and in violet light respectively in May, 1967, during 
Martian July, by C. F. Capen at the coude focus of the McDonald Observatory 208-cm. (82-
inch) Struve reflector. The cloud at first forms as a morning phenomenon on the slopes 
of Libya; then it wraps itself around the Syrtis Major; and later in the northern sum
mer season it covers most of the region and is present all day. See also text of article 
by C. F. Capen in this issue. 

Figure 61. Two blue light 
photographs of Mars by C. F. 
Capen showing northern summer 
clouds over the Alba volcanic 
shield (A), Olympus Mons (0), 
Ascraeus Mons in Tharsis (T), 
the north slopes of Marineris 
Valles (M}, and the Chryse 
basin (C). See also text. 

identified several ice-fog covered areas on Mars this year (1977). Consequently, any 
telescopic observations of them are most meaningful to the Martian Problem. Although a 
meteorological phenomenon, whitened areas affect the contrast of adjacent surface albedo 
features; and therefore they can be discussed in either category. It is suspected that 
many bright patches are topographic-controlled. Figure 62 shows a schematic map of Mars 
with whitened areas detected in northern spring and summer in 1962-1968 by C. Capen and 
v. Capen. A list of active areas and their coordinates is also given on page 41. 

Blue-clearinf: This is another observed phenomenon which could be placed in two 
categories. Norma ly, albedo features are ill-defined in blue light and are unrecogniz
able in violet. However, intervals of several days occasionally occur when the features 
become visible in blue and violet light, The blue-clearing, as the phenomenon was named 
by its discoverer, E. C. Slipher, was long attributed to a temporary dissipation of a 
supposed violet-haze layer in the Martian atmosphere. Today, this effect is thought to 
be due to the intrinsic nature of the surface of Mars, where light and dark areas have 
different intensities at red wavelengths but are nearly equal at violet wave·lengths. 
When blue-clearing occurs, there is some kind of change in local brightness which increases 
contrast between the light and dark areas. Perhaps a light frost or a dust-pall covers 
adjacent light areas. Whatever the cause, systematic observations in blue and violet light 
are desired to learn the occurrence and location of this enigmatic phenomenon. 

Surface Features: The light and dark albedo features on Mars underwent drastic 
changes during the 1973 apparition. A few of these changes can possibly be attributed to 
the Great Yellow Dust Storm of 1971-72. It is noteworthy, however, that most of the sali
ent changes occurred later, during the 1973 apparition (Ref. 4), and showed little further 
modification throughout the following 1975-76 apparition. Their stability period covered 
chiefly the northern autumn and winter seasons. These surface changes unrelated to known 
dust cloud activity are indeed puzzling. Should we look for minor yellow dust cloud 
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activity during northern late spring and summer in order to explain these anomalies? 
In 1975 S. Miyamoto found the stable feature Cerberus (2l2°W, 09°N), located on 

the SE edge of the Elysium volcanic shield, to be vague or completely missing. The fol
lowing list of albedo features should be carefully observed throughout this 1977-78 appa
rition to see whether they return to the former appearances they had during the equivalent 
season in the 1960's: Irregular seasonal change in the Protei-Eos region (40°W, l8°S). 
Regular seasonal darkening in Bosporus (63°W, 43°S). The shape of Solis Lacus (85°W, 
26°S). The perhaps secular gross darkening across Daedalia-Claritas (ll0°W, 29°S). Sea
sonal darkening of Rasena (190°W, 25°S). Visibility of Cerberus. Brightening of Hellas 
basin (290°W, 35°S). Regular seasonal broadening of Syrtis Major on the west slope of 
the Libya basin (282°W, l0°N). The visibility and modification of Pandorae Fretum (345°W, 
25°5). Refer to Fig. 63. 

A.L.P.O. Mars Observing Program 

The A.L.P.O. Mars observing program is an international cooperative effort by 
astronomers located around the Earth. These observers make possible a synoptic (time
continuous) program for the daily study of any one of several Martian phenomena on a 
global basis, as well as an "early-alert system" for astronomers of events at any one 
Martian longitude. The "Martian Chronicle 1978" (MC'78) newsletter is available to .ii.C..t.i'l.e. 
contributors from the Mars Recorder, C. F. Capen, 223 W. Silver Spruce, Flagstaff, AZ 
86001 for 8 to 10 self-addressed and stamped long envelopes. The Mars Recorders coor
dinate and instruct observers in using similar observing techniques, colored filters, and 
methods of reporting their data. It is most important for the Recorders to receive a 
homogeneous set of data for accurate measurement, interpretation, and analysis which will 
appear later in the Mars Apparition Reports of the J.A.L P D. Standard A.L.P.O. Mars 
Observing Report Forms are 20 for $1.75. A new Mars Observing Kit contains useful re
prints, observing techniques, graphs, charts, Mars maps, nomenclature, and information 
helpful for the next four aphelic apparitions. The Kit is available at cost postpaid for 
$4.00. A Mars 1969 Tri-map, showing equivalent Martian seasons for the next 4 aphelic 
apparitions, is available postpaid for $1 .75. A new Topo-Albedo Lambert Equal-area 3-
chart set costing $2.00 is designed for plotting observed phenomena and any large scale 
terrain-albedo studies. Central meridians of the 3 circular charts are 0°, 120°, and 
240° W. at a linear scale of about 1:63 million. These items may be obtained from the 
A.L.P.O. Mars Recorder. 

Observational data consist of color filter photography, visual disk drawings, 
visual photometry (intensity estimates on G. de V. scale: 0 a polar cap brightness, 
2 =desert mean brightness, 10 =night sky), and micrometry. Of most importance to the 
apparition analysis are photos in red or yellow and in blue light, full disk drawings, 
and limited regional maps of areas of change or clouds made from overlays on base maps. 
When observational data have been copied on the standard A.L.P.O. report forms, they 
should be mailed to the Recorder at regular one or two month intervals. Reports of 
newly discovered changes or unusual Martian events should be sent immediately to the 
Mars Recorder for use in the next MC'78 newsletter. 
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1977, Sept. 
Oct. 
Oct. 

Nov. 

Dec. 

1978, Jan. 

1-30. 
1-20. 

21-31. 

6. 

14. 

14. 

Table I. Martian Calendar of Events 1977-1978 

End of dusty season inS. hemisphere (325°-342°Lsl· 
North Polar Hood large and a dull gray. 
Disk 8" in diameter, allows quality photography. Look for disap
pearance of North Polar Hood. 
Vernal equinox (0°Lsl· N. spring, S. autumn. Is the NPH present 
or is the North Polar Cap large and bright? 
Disk 12" in diameter. Begin high-resolution work. North Polar Cap 
thawing. Arctic hazes? 
Coincidence of subearth and subsolar points at l3°N lat. Shrinkage 
of NPC noticeable. 
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Figure 62. A schematic map of Mars showing whitened areas detected in 1962-1968 by C. Capen 
and V. Capen. The Martian seasons represented are the spring and summer of the northern 
hemisphere. The base map here is from "A 1967 Photovisual Chart of Mars," Journal A.L.P.O., 
Vol, 22, Nos. 7-8, pg. 121, August, 1970. -----·---

Note: The list of whitened areas observed is given below with approximate coordinates of 
their centroids: 

Abalos (030, +85), Aeolis (212, -10), Aeria (310, +18), Aethiopis (245, +08), A1bor 
(205, +22), Amazonis (145, +22; 170, +22), Aram (015, 00), Arcadia (Alba) (115, +50), Argyre 
!(030, -45), Ausonia (250, -45), Azania (185, +36), Baltia (040, +65), Candor (075, +08; 
078, +20), Cebrenia (215, +42), Cecropia (290, +75), Chryse (038, +02), Claritas (100, -30), 
Crocea (290, -02), Daedalia (122, -12), Deucalionis Regio (345, -11), Dia (090, -60), Dios
curia (310, +52), Edom (350, -02), Electris (180, -45), Elysium (215, +30), Eos (040, -10), 
Eridania (215, -45), Hammonis Cornu (315, -10), Hellas (295, -45), Hellespontus (328, -42), 
Ierne (140, +80), Isidis Regio (280, +20), Lemuria (Olympia) (185, +80), Lemuria (235, +75), 
Libya (275, 00), Memnonia (165, -20; 155, -05), Meroe Insula (295, +35), Neith Regio (275, 
+35), Nix Cydonia (015, +45), Nix Lux (112, -08), Nix Olympica (135, +26), Nix Tanaica (048, 
+50), Noachis (345, -40), Nymphaeum (305, +08), Ogygis Regio (065, -48), Ophir (068, -08), 
Ortygia (015, +55), Oxia (018, +30), Panchaia (250, +62), Phaethontis (135, -45), Phlegra 
(192, +48), Propontis Quadrangle (170, +50), Scandia (160, +68), Scandia-Boreum Mare (110, 
+80), Sinai (062, -25), Syria (090, -15), Tempe (065, +47), Tharsis (100, +02), Thaumasia 
(075, -30; 090, -40), Utopia (265, +52), Uchronia (260, +60), Xanthe (050, +15), and 
Zephyria (190, -08). 

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

Table I. Martian Calendar of Events 1977-1978 (continued) 

1978, Jan. 19. 
Jan. 22. 

Feb. l-28. 

Mar.-May. 
Apr. 7. 

Apr .-May. 
May 23. 
May-June. 

Closest approach to Earth. Disk 14~3 maximum diameter (35"L5 ). 
Opposition. Distance of Mars is 60.2 X 106 miles. -1.1 stellar mag. 
Thawing of NPC increases. 
Limb hazes, white clouds, and frost patches increase inN. hemisphere 
(40"-54"Ls). 
Maximum thawing of NPC (50"-90"Ls). 
Aphelion passage (70"Ls). Dense limb hazes and orographic white clouds 
forming over Tharsis and Olympus volcanoes (60"-140"W long.). 
Check for North Polar Region hazes caused from "aphelion chill." 
Summer solstice N. hemisphere (90"Lsl· 
Disk 6" in diameter. Dense, bright cloud around Syrtis Major (go•
l40"Lsl. 

[Postscript hY Editor. Readers are heartily encouraged to observe Mars attentively during 
the next few months, following the excellent guidelines given by Mr. Capen in this article. 
The various available materials he describes can make such studies more meaningful and more 
enjoyable. Since NASA has abandoned the worldwide International Planetary Photographic 
Patrol Program, there is now a greater need for good amateur observations of Mars. While 
equalling the results of quality photographs with 24-inch professional telescopes may not be 
a realistic goal, the A.L.P.O. can serve science by making its Mars efforts of the very 
highest quality that we can.] 
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ANNOUNCEMENTS 

Figure 63. Two 
Mercator charts of 
Ha rs prepared by the 
staff of the Lowell 
Observatory to show 
changes in the visi
ble surface albedo 
features. Upper 
chart: the aspect 
during Martian Sep
tember (beginning 
of autumn in north
ern hemisphere) in 
1969. Lower chart: 
the aspect during 
Martian January 
(early winter in 
northern hemisphere) 
in 1973. Arrows in
dicate major seasonal 
and secular changes. 
Will the features 
return to the appear
ance they had in 
1965-69 during the 
current 1977-78 
apparition? 

~Address for Assistant Jupiter Recorder HYll. Mr. Richard L. Hull's mailing 
address is now 7103 Hermitage Road, Richmond, Virginia 23228. His correspondents should 
make this change at once. 

Staff Changes. The recent surprising discovery of rings around Uranus suggested 
the possibility of amateur studies of that distant planet with methods and techniques 
similar to those being actively applied by the A.L.P.O. Minor Planets Section under the 
leadership of Reverend Richard G. Hodgson. Those interested in this field should be 
subscribing to the Minor Planets Bulletin if they are not doing so now. The Remote Pla
nets Section Recordership has accordingly been transferred to Mr. Hodgson. He will de
scribe his plans and his goals for the Section in this journal in the near future. 

Activity in the Mercury Section has been minimal for a number of years. Neverthe
less, we are anxious to encourage our readers to do what may still be of some interest and 
scientific value on the Elusive Planet. Mr. Richard M. Baum, 25 Whitchurch Road, Chester 
CH3 5QA, England has agreed to become the new Recorder of the Mercury Section. He plans a 
combination of contemporary observational work and historical studies; he will describe 
these ideas in this journal in a future note. Readers interested in either facet of Mer
cury studies--or even in both~--are heartily invited to correspond with Mr. Baum and to 
participate in these efforts. Mr. Baum has been an active contributor to A.L.P.O. pro
grams from our very early years. He is our first staff member in England and only the 
third, if memory is correct, outside of the United States. 

The Editor wishes to express his appreciation to Mr. James Young and to Mr. Hodgson 
for their assistance, devotion, and loyal aid over the years they have led the Remote Pla
nets and Mercury Sections respectively. This kind of service from a small number of dedi
cated members has indeed made possible the existence of the A.L.P.O. during the last 30 
years. 

Note to Current~ Intending~ Observers. Assistant Jupiter Recorder Rodger 
W. Gordon, 637 Jacobsburg Road, Nazareth, PA 18064 wrote on October 8, 1977 to explain 
his duties as agreed upon by the Jupiter Section staff. Mr. Gordon is to advise on 
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ANNOUNCEMENTS (continued) 

optical instrumentation and accessories, optical theory, methodology, and other practical 
aspects of observing Jupiter. Observers wishing such guidance should contact him at their 
earliest convenience. The other Recorders will thus not need to spend time to deal with 
such rather frequent inquiries. Mr. Gordon further states: "The idea ultimately is that 
observers of Jupiter, regardless of the aperture or type of instrument, will all use the 
same techniques in relation to their specific needs, thus providing at least some assur
ance that observations are made with a reasonable amount of consistency and reliability, 
and that the data derived are therefore obtained with the same gene~al techniques which 
everyone else is using. Beginners especially are urged to contact me, in this regard." 
Practical problems in observing can include, but are assuredly not limited to, the use of 
color filters, proper magnification, seeing conditions, type of instrument, size of central 
obstruction in reflectors, and telescopic image resolution and contrast theory. 

OBSERVATIONS AND COMMENTS 

More on Secondary Size in Reflectors. Mr. Eugene W. Cross of Whittier, Calif. offers 
some comments on an earlier discussion, thus: "I agree wholeheartedly with the discussion 
on pg. 215 of J.A.L.P.O., Vol. 26, Nos. 9-10, regarding the advantage of inclusion of the 
secondary size [in reports of observations]. That does help in evaluation of results. How· 
ever, as the editor there perceptively stated, the quality of a telescopic planetary image 
is the product of many factors. For example, I have seen a 12~-inch f/15 Cass with a 4~
inch secondary ~irror (total obstruction probably 4.4 inches) outperform 12~-inch Newtonians 
with obstructions of 2.1 to 2.5 inches. Similarly, I have seen a 10-inch f/8 Newtonian with 
a 1 .55-inch obstruction outperform a 16-inch Newtonian with a 3.2-inch secondary. So very 
much depends on collimation, quality of the optical surfaces, integrity of the mirror coat
ings, etc. that the secondary obstruction size can be used only as a ~uide." 

What~ Today's Amateurs Like? The Boulder Convention program ast August would clear
r------------------------,lY show pocket calculators, ~1inor 

Planets, photometers, and eclipsing 
binary stars to be of major current in

$ 7. 95 terest. Planetary photography and 1 u-

i 
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STAR ATLASES are our FORTE! 
Sky Publishing's array of star maps and atlases has world renown - second only to Sky 
and Telescope itself - for we can produce and import the many fine publications 
required by most amateur astronomers and many professionals. Most important, we 
maintain stocks of these unique publications through the years. There are introductory 
maps for the beginner, including this magazine's monthly centerpiece, several atlases for 
intermediate amateurs, and elaborate Czechoslovakian and German productions for the 
advanced observer and experienced astrophotographer. (Note: Atlas Australis, not listed 
below, covers the southern sky in exactly the same manner as Atlas Borealis, and is 
ordered as A-8, $22.50.) 

POPULAR STAR ATLAS 
Suitable for beginners but handy for everyone is this 

book of constellation charts. Against a dark blue 
background, stars are shown to magnitude S1/z, with 
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numbers. There are observing lists of conspicuous 
double stars, Messier objects, a constellation index, and 
star names. Covers the entire sky, for use anywhere in 
the world. Order 0-2 POPULAR ... $3.50 

NORTON'S STAR ATLAS and Reference Handbook 
This is the new, greatly expanded 16th edition of one 

of astronomy's classic references, which should be on the 
desk of everyone interested in astronomy. Its 16 double
page charts are specially clothbound to open perfectly 
flat, even though preceded by a 116-page large-format 
reference handbook that gives information on every 
phase of astronomy of interest to the amateur. With 
each Norton's we include our handy chart and index of 
Messier objects. Order A-3 NORTON'S . .. $12.50 

Skalnate Pleso Deluxe ATLAS OF THE HEAVENS 
Each of the 16 charts in this famous aid to celestial 

observing measures lS by 21 inches, giving a scale that is 
adequate for identifying in any part of the sky stars, 
clusters, nebulae, planetaries, galaxies, and strong radio 
sources, the different types of object being color coded 
for quick recognition. The Milky Way is shown in great 
detail, again with color coding for its more intense parts, 
as well as for areas of bright and dark nebulosity. The 
celestial coordinate scales are for the precessional epoch 
l9Sa, matching most modern star catalogues, including 
our own Skalnate Pleso Atlas Catalogue. Wirebound in 
dark-blue Lexitone. 

Order A-1 DELUXE ATLAS (U.S.A.) ... $14.00 
All other countries . . $1S.OO 

FIELD EDITION Atlas of the Heavens 
The basic sky maps of the Deluxe Edition are here 

reproduced at two-thirds scale, but with white stars on a 
black background for nonglare use at the telescope and 
in the field. Sixteen 18-by-12%-inch charts with intro
duction, shipped flat. 

Order A-2 FIELD EDITION . .. $5.00* 
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Like the Field Edition, but with black stars and 

coordinates on white paper, for desk use and easy 
marking. On heavy 1SO-pound paper; 16 charts with 
introduction, shipped flat. 

Order A-4 DESK EDITION . .. $S.OO* 

*SPECIAL COMBINATION: 
Two sets of either the Field Edition or the 
Desk Edition, or one of each. $8.00 

ATLAS BOREALIS 
Amateurs working seriously in astronomy and sky 

photography find this and Atlas ·Eclipticalis invaluable 
for locating asteroids, comets, deep-sky wonders, and 
faint stars. The 92,00a stars are coded in six colors to 
give their spectral classes. The scale is uniformly two 
centimeters to one degree of sky, Atlas Borealis having 
12 maps for declinations + 3ao to +sao in steps of 2h in 
right ascension, eight maps between +sao and + 7ao in 
3h steps, and four charts for the polar region. Wire
bound in beautiful red Lexitone, overall size 13 3/, by 19 
inches, weight 3 pounds. 

Order A-6 ATLAS BOREALIS ... $22.SO 

ATLAS ECLIPTICALIS 
It takes 32 large charts, each rectangular, to cover the 

equatorial zone of the sky between -3ao and +30° 
declination, in 1 1/zh steps of right ascension. Some 
l24,aaa stars are plotted, each color coded for quick 
comparison with photographs, whether in black-and
white on different emulsions or in full color. Recognition 
of a star field is almost instantaneous when a print from 
an amateur's color transparency or negative is compared 
with Atlas Eclipticalis or Borealis. Wirebound in red 
Lexitone, size 14 1/• by 2a inches, weight 4 pounds. 

Order A-7 ATLAS ECLIPTICALIS . .. $27.SO 
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This comprehensive atlas was compiled by Hans 

Vehrenberg with twin Zeiss f/3.S astrocameras at observ
ing stations in Germany and South Africa, to include the 
entire sky. In the northern section, 303 maps cover from 
+90° to -26° in declination, while 161 maps in the 
southern section cover -14° to the south celestial pole, 
giving a good overlap between the sections. Each map is 
printed on heavy paper, 11 '14 by 8'1• inches, the field of 
the chart being 1a degrees square, to a scale of 1S 
millimeters per degree of sky. Adjacent maps overlap by 
two degrees, and the average limiting magnitude for stars 
is about 13. Edition A is photo-offset with black stars 
on a white background; edition B is photo-printed with 
white stars on black sky. The 24-page explanatory 
booklet is written in English, French, and German. The 
northern section is boxed in two large containers, the 
southern section in one. 
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