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ABSTRACTC I
The Shan g dynasty ruled China for more than two centuries

during the period from —1500 to —1000. A number of observations
of lunar eclipses that have been preserved from the Shang dynasty

I may be the oldest astronomical observations known that involve
the moon. The dating of these eclipses would supply valuable data
for determining the secular accelerations within the sun—earth—

I moon system. This report presents a canon of all lunar eclipses
U that occurred between —1500 and — 1000 for use in the dating of the

Shang eclipses. The canon includes the circumstances needed to

1 determine the visibility of each eclipse at any point on earth .
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• 1. INTRODUCTION

I
The forces or effects  that are slowly changing the number

of days per month and the number of days per year are important in
studying precise measurements of time . They are also important in
many geophysical problems , including the behavior of the ocean

J 

tides , the body tides in the solid earth , core—mantle coupling ,
secular changes in the earth ’s magnetic field , and pos8ibly other

4 effects.

I In the present state of knowledge , the best way to get quan-
titative values for the rates at which the number of days per month
and per year are changing is to compare astronomical obsEr .rations

I made in ancient and medieval t imes with the results that we calcu—
late from a modern astronomical theory , that is , a theory that
neglects all astronomical forces except gravitation . Since the

I difference between the observations and the results thus calculated- . I tends to increase as the square of the time , the oldest observa-
tions are the best , other things being equal.

I
With the possible exception of some marks on neolithic pot-

tery, whose significance is a matter for considerable debate , the
oldest Chinese writing known comes from the Shang dynasty , which

J ruled China for two centuries or more between —1500 and —1.000.
Fortunately this writing includes a number of observations of lunar
eclipses. If these eclipses can be dated, they are of great poten—
tial value in astronomical rea.!arch; they will be the oldest dat—
able observations “nown that involve the moon .

-r Keightley (Ref. 1) has been studying many aspects of the his—
tory of the S~ ang dynasty, including the dating of the dynasty by
means of the eclipses and other information. In order for him to
use the eclipses , I have prepared a canon (included in this report)
that gives the circumstances of all lunar eclipses for the period
—1500 to —1000.

At present, not all lunar eclipse records in the Shang writ—
ing are useful for dating. Only certain clusters of records that
can be dated relative to each other by means of the texts themselves

*~~ is understood that a gravitational theory includes the effects
- of special and general relativity.

Ref. 1. David N. Keightley , Sources of Shang History: The
Oracle—Bone Inscriptions of Bronze Age China, University of Call—
forn ia Press, Berk eley , 1977.
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are useful. The technique is to use the canon of eclipses in the
search for a cluster of eclipses that have the same relative dat-
ing as a cluster of records. If there is only one such cluster,
the records are dated uniquely. If there are several such clus-
ters , there are several choices for the chronology of the records ,
but historical evidence may guide a choice between possible clus-
ters.

With the eclipse records that are currently available,
there is no rigorously unique choice of dating , although Appendix 4
of Keightley ’s work (Ref. 1) shows that there is a most probable
choice. Luckily,new inscriptions from the Shang dynasty continue to
be found fairly frequently ; for example, more than 4800 specimens
were found in 1973 alone (Ref. 2). Eclipse observations are not
common , but we have good reason to hope that new eclipse observa-
tions will be found that can resolve the problem of dating, thus
making them useful both for history and for astronomy. The purpose
of this report is to make the canon of lunar eclipses available to
scholars who may study such observations.

It is useful at this point to explain the notations and con-
ventions used in writing dates and similar matters.

Dates are given in the so—called astronomical style, in
which the year appears first, then the month , and then the day of
the month, without using commas to separate the components of the
date. Since all of the dates involved are earlier than the time
of Julius Caesar , they are in the proleptic Julian calendar.

In the astronomical style, a year that is preceded by a plus
sign (if no sign is given, a plus sign is understood) Is the same
as a year of the common era. Thus, for example, the Battle of
Hastings took place on 1066 October 14. The year before the year 1
is called 0 , the preceding year is called —1 , and so on back. This
style contrasts with the so—called historical style, in which the
year before 1 is called 1 before the common era (1 BCE). When the
number of the year is negative, then the number is not the same as
the year BCE.

The time that is called noon is the time when the sun is di—
rectly south of the observer. Thus noon can be observed directly
by astronomers, while midnight cannot be. For this reason , astron—
omers for many centuries took the astronomical day to begin at noon,
and many earlier astronomical tables, including some earlier canons
of ecl ipses , are presented in terms of this convention. However,
by international agreement , astronomers dropped this practice at the

I

~~ Ref.  2. David N. Keightley , private communication , 3 Janu-
ary 1977.
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beginning of 1925. In astronomical work since then , the astronomi-
cal day is considered to begin at midnight , jus t as the day of ordi—
nary usage in the United States does. Specifically , in this report ,
a calendar day runs from midnight to midnight.

J The time of day is given in terms of hours and decimal frac-
tions, not hours, minutes, and seconds. The time runs from 0 hours
to 24 hours. The phrases “0 hours” and “24 hours” both denote mid—
nights, and the distinction is most easily explained by an example.
The t ime 0 hours on 1066 October 14 is the midnight that begins the
calendar day 1066 October 14. That is, it is the midnight that
separates 1066 October 13 from 1066 October 14. The time 24 hours
on 1066 October 14 is the next midnight , the one that separates
1066 October 14 from 1066 October 15; it is the same as 0 hours on
1066 October 15.

The time of day can also be given in terms of a fraction of
a day, and this was actually done in some ancient and medieval writ-
ing on astronomy. For example, we could write a time as 1066 Octo—
ber 14.718 75. This is the time 17.25 hours , or 5:15 p.m., on 1066
October 14.

Because different calendar mon ths have different numbers of
days, and because different calendar years have different numbers
of days, a calendar based upon months and years is not convenient
for making precise astronomical calculations . In astronomy, we
need a time variable that runs continuously and uniformly . Through—
out the centuries, astronomers have adopted various devices for
achieving such a time variable. One that has had considerable use
during the past four centuries is the Julian day number.*

The term “Julian” in Julian day number has nothing to do with
“Julian” in the Julian Calendar. The Julian day number was devised
in the sixteenth century by Josephus Justus Scaliger, who named it
after his father, Julius Caesar Scaliger. The Julian day number is
often called the Ju].ian date. This is probably not a desirable usage
because the term is easily confused with a Julian calendar date.

The Julian day number is a time variable that is measured in
units of days. Since Scaliger worked at a time when the astronomi—
cal day began at noon , he began the Julian day number (henceforth
abbreviated JDN) at noon. Specifically , JDN 0 at noon on the calen—
dar date —4712 January 1. JDN is therefore always an integer at noon .

-,

*The Julfan day number, as well as 1~ost calendrical matters involved
in this report , is explained in Chapter 14 of Ref. 3.

Ref. 3. Explanatory Supplement to the Astronomical Ephemeris
and to the American Ephemeris and Nautical Almanac., Her Majesty’s
Stationery Office , London , -1961.
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There are various ways of finding the JDN from the calendar
date , and vice versa. When one is dealing with only a few dates ,
the easiest way probably is to use the tables on pp. 436—439 of
Ref. 3. For a large number of dates, it probably is easiest to
write a computer program to carry out the transformation. Writing
such a program is tedious but straightforward.

To continue the earlier example, the JDN was 2 110 701 at
noon on 1066 October 14. At 5:15 p.m. on that day , it was
2 110 701.218 75, and at 5:15 a.m., 2 110 700.718 75.

In this report, only integral values of JDN will be used.
For a given calendar date , the corresponding value of the JDN will
be the value at noon on that date. Thus the JDN, as used here ,
changes at midnight, just as the calendar date does. We can put
the matter another way. As we have seen , we can write a time in
terms of calendar days and fractions. When we write a calendar
date , we write the truncated form; that is, we leave off the frac-
tion and write only the integral part. For example, we write the
time 1066 October 14.718 75 as 17.25 hours on 1066 October 14. In
this report, in contrast, the JDN will be rounded to the nearest
integer. Thus JDN 2 110 701.218 75 will be written as 17.25 hours

• (5:15 p.m.) on JDN 2 110 701, and JDN 2 110 700.718 75 will be
written as 5.25 hours (5:15 a.m.), also on JDN 2 110 701.

Since midnight occurs at different times in different places,
and since the calendar date changes at midnight , the calendar date
and the JDN at any instant are not necessarily the same in all
places. In giving a date or a JDN, it is necessary to specify the
place to which they apply. In this report , dates and times apply
to the meridian of Anyang ,* which is ll4°20’ east of Greenwich.
Anyan g time** is thus 7.62 hours greater than Greenwich time. When
it is 17.25 hours on 1066 October 14, JDN 2 110 701, in Greenwich
time , it is 0.87 hours on 1066 October 15, JDN 2 110 701, in Anyang.

Beginning at leas t as early as the Shang dynasty and cont inu—
ing at least into the t ime that we call the medieval period , the
Chinese numbered the days in a cycle of 60 days. Beginning with
some arbitrarily chosen day, they numbered the days from 1 to 60
and then numbered the next day 1 again, and so on. This cycle will

*The Shang eclipse observations that have been used up to the pres—
ent time were all made in Anyang.

**Specifjcally , time used in this report is Anyang mean time, which
I is 7.62 hours greater than Greenwich mean time. Mean time is the

kind of time that the reader lives by; it is the time kept by an
accurate timepiece properly adjusted for the place in question.
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be called the 60—day cycle, and the number of the day within the
cycle will be called the cycle number , designated C.

Records such as eclipse records from later times tha t can
be dated exactly in our calendar (Ref.  4) enable us to devise a

i way to calculate C from the JDN. We simply add 50 to the JDN
and divide the result by 60. The remainder is equal to C with
one exception : when the remainder is 0, we say that C — 60.

• 
( 

We have no documents that can tell us if the cycle count
used in Shang times continued unbroken into later times; that is,
we have no documentary proof that the rule just stated gives C

I in Shang times; see Kelghtley (Ref. 1) for an extensive discussion
of the point. It is assumed in the report that the rule does
apply to Shang times , and the assumption agrees with the prepon-
derance of the evidence.

Since the JDN changes at midnight in the usage of this re—
port , the rule makes C change at midnight also. This usage is
not intended to prejudge the question of when the Shang actually
considered the day to change. It is adopted because it is neces—
sary to have a precise usage in the canon of eclipses, and the

I adopted usage seems to be the most convenient for present purposes.

I
I

i
I

Ref. 4. H. H. Dub s , “Solar Ecli pses During the Forme r HanI Period ,” Osiris, Vol. 5, 1938, pp. 499—522.

I
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2. THE LIJNATION

In all earlier canons of eclipses that I know of , the
eclipses appearing in a canon have been numbered serially. This
practice means that the number applied to an eclipse is arbitrary,
and if the same eclipse appears in different canons, it probably
has a different identifying number in each. There is no direct
relation between numbers in different canons, and there is no 1~clear relation of the numbers to chronology.

It is desirable for many reasons to use identifying numbers
that can be applied to all canons. I have adopted such a system of
numbers in this report , and I would be interested in the reader’s
reaction.

The identifying number used in this canon is called the
lunation. A lunation is the interval of time from one new moon to
the next. In most current national ephemeris publications, the
reference epoch adopted is noon, Greenwich t ime , on 1899 December
31, when the JDN was 2 415 020. As it happens, there was a new
moon on the following morning, on 1900 January 1, Greenwich time.
I take lunation 1 to be the lunar month that began on the morning
of 1900 January 1, Greenwich time. Other lunations are then
counted from that one. In particular , lunation 0 is the one that
began on 1899 December 3, lunation —1 is the one that preceded
lunation 0, and so on. 

•

There was a solar eclipse on 1899 December 3. This is the

• beginning of lunation 0, and the eclipse would be identified as
lunation 0 in a canon of solar eclipses. There was a lunar eclipse
on 1899 December 17, also within lunation 0. That eclipse would
therefore be identified as lunation 0 in a canon of lunar eclipses.

The lunation does not depend upon the place for which a canon
of eclipses is prepared.

~1

~
4.
•1
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3. MAGNITUDE : IJMBRAL AND PENUMBRAL ECLIPSES

An eclipse of the moon is produced by the earth’s shadow ,
- which is illustrated in Fig. 1. (The figure is not to scale.)

The shadow consists of two parts. The part called the umbra is
shown in black in the figure; no light from the sun directly
reaches any point within the .,unibra.* The part called the penumbra
is shaded in the figure; light from part but not all of the sun
reaches any point within the penumbra.

I
• 1

I S.

I Fig. 1 The Geometry of the Earth’s Shadow. No light from the sun
directly penetrates to any point in the black region, which is
called the umbra. Some but not all of the light from the sun

I reaches any point within the shaded region, which is called the
JR. penumbra. Actually, the atmosphere that surrounds the earth
,: refracts or scatters a sma” amount of sunlight, and some of this
‘1 light penetrates into the umbra . Thus it is not completely dark in-
; side the umbra, even aside from the starlight that can be seen there.

*Some sunlight is scattered or refracted by the earth ’s atmosphere ,
an d some o f t he light that is scattered or refract~d gets into
the umbra. Thus the umbra is not completely dark , even aside from
the sta rlight that  can be seen within i t .  This accounts for the
fact  that the moon frequently appears reddish during a total
eclipse .

- 1 3 -  t
I’

~~~~~~~ 
,ij~~ ,.- . •. J : : :T_ :~TII:::~~ ~.•: ~~~

~‘



THE JOHNS HOPKINS UNIVERSITY

APPLIED PHYSICS LABORATORY
LAUREL MARYLAND

S.

The sun and earth are not actually circles as the figure
represents them. To the accuracy needed in this discussion , the
sun and earth are solid spheres. The earth ’s shadow thus is not
a plane figure either. The reader should be able to imagine that
both the umbra and penumbra are conical regions of space, extend-
ing above and below the plane of the figure.

We may consider that the center of the earth is traveling
around the sun in the plane of Fig. 1. The center of the moon is
traveling around the earth , but not in the plane of the figure.
Instead , the moon is sometimes in front of the plane of the figure
and sometimes behind it.

If the moon happens to be very close to the plane of the
figure at the time that it is full , it passes through one part of
the penumbra, becomes fully immersed in the umbra , and then passes
through the other part of the penumbra before it enters again into
full sunlight. If the center of the moon is somewhat farther from

• the plane of the figure, the moon may pass through one section of
the penumbra, part but not all of it may then enter the umbra, and
finally it may pass through the other part of the penumbra into
full  sunlight . At a greater distance , the moon may miss the umb ra
entirely, while part or all of it encounters the penumbra. Finally ,
at a still greater distance , the moon may miss even the penumbra
entirely.

If any part of the moon encounters any part of the earth ’s
shadow, we say that there is a lunar eclipse. We distinguish four
classes of lunar eclipse , as illustrated in Fig. 2. The horizontal
line in Fig. 2 represents the plane of Fig. 1, which is the plane
of the earth’s orbit. For the sake of definiteness , we take the
center of the moon to be above the horizontal line at the instant
it is closest to the center of the earth’s shadow. The circle
marked M in each part of the figure represents the moon . Of the
remaining pair of concentric circles , the inner one marks the edge
of the umbra and the outer one the edge of the penumbra.

1.
In’ case (a) of Fig. 2 the moon partly enters the penumbra,

ri and in case (b) it tota l ly  enters i t .  These types of eclipse are
called penumbral, but they are not given names to distinguish them
from each other. The eclipses in cases (c) and (d) are called
umbral, that in (c) being partial and that in (d) total. When the
adjectives partial and total are used , it is understood that an
eclipse is umbral.

In order to define the magnitude of an eclipse , let x de—
note the vertical distance from the upper edge of the umbra to the
lower edge of the moon ; this distance is explicitly marked only in

-14 -
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H
(a) ( b)

(c) (d)I ;~.j I

Fig. 2 Four Possible Types of Lunar Eclipse. The horizontal line represents
the plane of the earth’s orbit, and the center of the moon is
considered to be above this orbit when it is closest to the center of
the earth’s shadow. The inner circle outlines the umbra and the

— outer circle outlines the penumbra. The circle M represents the

-. moon. In (a), pert of the moon enters the penumbra. In (b) , all of
the moon enters the penumbra but none of it enters the umbra. In

I:’ - (c), part of the moon enters the umbra, while in (d) all of it enters the
umbra. The eclipse in (c) is called partial and the eclipse in (d) is

I . . called total; it is understood that partial and tota l refer to immersion
• - in the umbra. Eclipses (ci and (d) are also called umbral, while

eclipses (a) and (b) are called penumbral. Eclipses (a) and (b) are
-- not given separate designations.

9
- .  
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case (c) of the figure. The parameter x is taken to be measured
positive downward ; thus it is positive for the two umbral eclipses
and negative for the two penumbral eclipses. Let D denote the
diameter of the moon and p the magnitude of an eclipse. Then

(1)

The value of p is between 0 and 1 for a partial eclipse
and is greater than 1 for a total eclipse. It is negative for a
penumbral eclipse and is also negative when there is no eclipse at
all. From the magnitude alone, then , there is no direct way to
distinguish a small penumbral eclipse from the situation in which
the moon misses the earth’s shadow entirely. However, we can give
an approximate criterion.

The distance from the earth to the sun is not constant;
thus the dimensions of the earth’s shadow are not always the same.
Similarly , the distance from the earth to the moon is not constant ,
and thus the apparent diameter of the moon is not constant. How-
ever, we can use average values of all these quantities to formulate
an approximate criterion. The formulas on p. 257 of Ref. 3 tell us
how to calculate the radii of the penumbra and umbra at any time.

• Using these formulas and the table of average values on p. 215 of
the same source, we can calculate average conditions. On the
average, the radius of the penumbra is 4473.8 seconds of arc and
the radius of the umbra is 2515.4 seconds. Thus, if the lower
edge of the moon just touches the upper edge of the penumbra, the
distance x is 2515.4 — 4473.8 = —1958.4 seconds. The average
diameter of the moon is 1865.2 seconds. Under these conditions,
p = —1.05. If p is algebraically much smaller than —1.05, there
is no eclipse at all, while if it is algebraically much larger
than —1.05, say larger than about —1 , there is a small penumbral
eclipse. When the magnitude is close to —1 .05, we cannot tell from
i~ alone whether or not there is an eclipse.

The greatest possible value of p occurs when the center of
‘P1 the moon coincides with the center of the shadow. Under this cir—

cumstance and at the average distances , x = 3448.0 seconds and
p — 1.85. The greatest possible magnitude when all circumstances
are considered is about 1.88.

Figure 2 has been drawn under the assumption that the center
of the moon is above the horizontal line (the plane of the earth ’s
orbit) . If it is below the horizontal, we obtain the required fig—
ures by inverting Fig. 2. Clearly, we have the same types of
eclipse , and we have the sane considerations about the magnitude.

- 1 6 -
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4. THE VIS IBILITY OF UMBRAL AND PENUMBRAL ECLIPSES

I

Even if sunlight traveled in straight lines past the earth ,
• ) there would be no sharp division between full sunlight and the

penumbra , or between the penumbra and the umbra. The reader can
see this with the aid of Fig. 1. Light from almost all of the sun
reaches a point just inside the penumbra. Thus a point on the
moon just inside the penumbra is almost as bright as a point in
full sunlight. Similarly , almost no light reaches a point in the
penumbra just outside the umbra, while no light (on the assumption
of linear propagation) reaches a point inside the umbra. Again ,
there is little difference in illumination between points just in—
side and just outside the umbra. The earth’s atmosphere smoothes
out even the small degrees of contrast that exist as we cross the

• geometric boundaries of the shadow.

A small change in illumination makes a large change in the
response of the eye when the illumination is weak , but it makes
little change in response when the illumination is strong. When
the umbral phase of an eclipse begins , the illumination is already
weak because one edge of the moon has already been deep within the
penumbra. When the penumbral phase begins , however , the illumina-
tion is strong because most of the moon is in full sunlight and the
moon is full.

Probably for this reason , the beginning of an umbral eclipse
seems fairly sharp to the unaided eye. During the partial phase
of an eclipse , the boundary of the earth’s shadow seems to be well

- . 
defined. Even an untrained observer using only the unaided eye

• can determine the beginning or ending of the umbral phase with fair
accuracy , probably within about 10 minutes. The beginning or end—
ing of the penumbral phase is not well marked, and it is doubtful
if anyone has ever seen the beginning or ending of the penumbral
phase with the unaided eye.

When the moon is comp letely within the penumbra , there is a
considerable difference in illumination from one side to the other.

-. }lowever• there is no sharp line, and the difference in illumination
does not greatly affect the eye because the total illumination is
still fairly strong. In order to know that a penumbral eclipse is
happening, the observer has only two things to help him : (a) there- - is a difference in illumination between one edge of the lunar disk
and the other , and (b) the total level of illumination is less than
when the moon was in full sunlight. Only a practiced observer can
determine either effect.

— 17 —
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In other words , almost anyone will see a partial eclipse,
even down to rather small magnitudes. In contras t , almost no one
will see a penumbral eclipse, even when the moon is totally im-
mersed in the penumbra.

For this reason, much of the literature on lunar eclipses
considers an eclipse to be synonymous with an umbral eclipse. For
example, the largest canon of eclipses (Ref. 5) refers only to
umbral eclipses. In all ancient and medieval literature that I
have seen, only the umbral phase of a lunar eclipse Is considered.
al—Biruni (Ref. 6, p. 130) discusses the question of when a lunar
eclipse first becomes visible. According to him, most astronomers

• 
. think that it cannot be seen until the magnitude is about 0.083.

He , however , thinks that it can be seen somewhat sooner. From his
silence, it is clear that al—Biruni does not even contemplate the

:11 possibility of seeing an eclipse at a magnitude of zero, much less
while the eclipse is still penumbral and the magnitude is negative.

• To al—Biruni, a lunar eclipse is clearly an umbral eclipse.

The writing of Ptolemy (Ref. 7) furnishes another example.
In Chapter 5 of his Book VI, Ptolemy discusses the limiting condi—
tions under which eclipses of the sun and moon are possible. For
lunar eclipses , he finds that the limiting condition occurs when
the center of the moon is l03I36~

l from the center of the earth ’s
shadow. This is almost exactly the limiting condition given in
Ref. 3 for umbral eclipses. In other words , for Ptolemy as for
al—Biruni, a lunar eclipse is an umbral eclipse , and he does not
seem even to contemplate any other possibility.

This report will deal with both umbral and penumbral eclipses ,
but it will deal with them separately.

Ref. 5. T. R. von Oppolzer, Canon der Finsternisse ,
Kaiserlich—K~niglichen Hof— und Staatsdruckerei , Vienna, 1887.
(There is a reprint, with the explanation of the tables translated
into English by 0. Gingerich , Dover Publishing Co., New York , 1962.)

Ref. 6. al—Biruni, Abu al—Raihan Muhammad bin Ahmad , Kitab
Tahdid Nihayat al-Amakin Litashih Masaf at al-Masakin, 1025. (There
is a translation into English by Jamil All, with the title trans—
lated as The Determination of the Coordinates of Positions for the
Correction of Distances Between Cities, published by the American
University of Beirut, Beirut , Lebanon , 1967.)

Ref. 7. C. Ptolemy, ‘E Mathematike Syntaxis , Ca. 142.
(There is an edition by J. L. Heiberg in C. Ptolemaei Opera Quae
Exstant Omnia, B. G. Teubner, Leipzig, 1898. There is a trarisla—

• tion of this edition into German by K. Manitlus , B. C. Teubner ,
Leipzig, 1913. There is an edition with a parallel French trans-
lation by N. B. Halma, Henri Grand Libraire , Par is, 1813.)

— 1 8 —
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5. ThE CANON OF UMBRAL ECLIPSES

I
The f irst  canon at the end of this report presents all

umbral eclipses (781) between the dates —1500 August 27 and —1000
September 18. The canon is arranged so that we may easily tell
which eclipses were visible at Anyang. However, all eclipses
within the stated time interval* are listed , whether they were
visible at Anyang or not. With the aid of simple computations
that will be described later , the visibility of any eclipse can be

I determined for any point on earth.

The canon contains 14 columnp :

1 
1. The L column gives the lunation, which has already

been defined.

1 
2. The JDN column gives the Julian day number based upon

Anyang time.

3. The Y column gives the year.

4. The M column gives the month. A month is identified
p b y the f i r s t  three letters of its n ame in English , wit h—
I out a period following. For some purposes , it would

have been more convenient to number the months . How—
ever, the table is more readable when the string of num—
bers in a line is broken by letters. This was taken
to be the most important consideration , since it lessens
the chance of error in reading the canon .

1 5. The D column gives the day of the month. Y, M , and D
are based upon Anyang time.

t
6. The C column gives the cycle number , also based upon

Anyang time.

1 7. The MS column gives the t ime when the moon set at Anyang.
It is almost the same time as sunrise. MS and all times
in the remaining columns are in hours and decimal frac-
tions at Anyang.

.1
*The canon actually gives all umbral eclipses between — 1500 Janu—
ary 1 and —1000 December 31. As it happens , the f i r s t  eclipse in
— 1500 came in August and the last eclipse in —1000 came in Septem—
be r.

-19 -
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8. The MR column gives the time when the moon rose at
Anyang. It is almost the same time as sunset . More

• accurately , the reader may use MR and MS as if they *

were the times of moonrise and moonset for the purpose
• of determining the visibility of the eclipse. The p re-

cise definitions of these times will be given in See—
tion 7 of this report in connection with determining
visibility at places other than Anyang.

9. The BT column gives the time when the umbral phase of
the eclipse began , i .e . ,  when the magnitude became equal
to zero. BT is sometimes negative , as will be explained
in connection with column 11.

10. The CT column gives the time when the magnitude of the
eclipse was greatest.

• 11. The ET column gives the time when the utnbral phase of
the eclipse ended , that is, when the magnitude again
became zero as the eclipse was coming to its end. ET
is sometimes greater than 24 hours , just as BT is
sometimes negative. Such values of BT or ET occur only
when the duration of an eclipse spans midnight . When
that happens, we must make an arbitrary choice of the
date to assign to an eclipse. In this canon , the date
is chosen on the basis of the day at Anyang when the
magnitude was greatest. Thus CT is always between 0
and 24 hours.

H If an eclipae crosses midnight , it actually occurs on
two different dates. In order to have a unique date to
assign to it , the Canon uses the date when GT occurred
and applies it to all other phases of the eclipse. Thus,
for example, the eclipse of —1500 August 27, which is the
first eclipse in the canon , had its greatest magnitude at
0.11 hours in the morning, Anyang time. It began at
23.31 hours on —1500 August 26. In order to keep the
date —1500 August 27 for all phases , we say that BT
= 23.31 — 24 = —0.69 hours on that date. Similarly,
the eclipse of —1498 July 7 had its greatest magnitude

o at 22.64 hours on that date , and it ended at 0.37 hours
on July 8, Anyang time. In order to keep the same date
for all phases, we say that its ET was 24.37 hours on

~1~ 
—1498 July 7.

12 ,13, and 14. These columns will be explained together
since they all have the same purpose , which Is to allow
the user to estimate the magnitude of the eclipse at any

~~ time between BT and ET. The GM column gives the greatest

-20 -
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magnitude of the eclipse , a magnitude that came at the
time GT. Besides this magnitude , the canon gives , either
explicitly or implicitly , the values of four other mag-
nitudes, Ml, M2, M3 , and M4, at stated times. The values
Ml and M4 are taken to be the magnitudes at the times BT[ and ET. Since these values are zero by the definitions
of BT and ET , it is not necessary to list them . The re-
maining magnitudes are given in columns M2 and M3 , re-
spectively. M2 occurred at the average of ET and CT
while 143 occurred at the average of CT and ET.

Since the user is given five values of magnitude and the cor—

I responding t imes, he can use a general polynomial of the fourth de-
gree in interpolating to find the magnitude at any other time. How-
ever, the eclipse is symmetrical about the time CT, to the accuracy

I of any observations with which the canon is likely to be used. Thus
the user can do something simpler. He can replace GT by the average
of BT and ET, and replace both M2 and M3 by the average of the values• I listed in the canon. The magnitude is now a function of time that
is symmetrical about the new value of GT, and the user can fit it to
a fourth—degree polynomial of the form A + Bt2 + Ct4. He can then

I find the magnitude at any time by substituting the value of time, t , 3into the polynomial. 4
Between MS and MR , the moon was below the horizon at Anyang

and therefore could not be seen there. If any of the times BT, GT ,
or ET comes between MS and MR, the corresponding phase of the
eclipse was not visible at Anyang.

Comparison of BT and ET with MS and MR tells us whether an
• 

- eclipse was visible at Anyang . If both of these times lie between
MS and MR. all the eclipse happened while the moon was below the
horizon and none of it was visible at Anyang. If both times are

• • before 145, the eclipse was in the morning and its entire duration
was visible at Anyang. Similarly, if both times are after MR, the
eclipse was in the evening (that is, the maximum eclipse cane be—
fore midnight) and the entire duration was again visible at Anyang.

‘I,

t~~~~~~~~~~~I
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6. ThE CANON OF PENUMB RAL ECLIPSES

Skilled modern observers equipped with careful predictions
of the circumstances of a lunar eclipse can see an eclipse while
it is still in the penumbral phase. However, for reasons that
were mentioned earlier , it is doubtful that any ancient observers
ever saw a penumbral eclipse. Nonetheless, some modern scholars
feel that penumbral eclipses should be considered among the possi-
bilities when we are studying ancient eclipse observations. For •. -
this reason, this report also includes a canoe of 112 penumbral
eclipses for the period —1500 to —1000.

In preparing the canon , it is necessary to decide upon the
minimum magnitude of eclipse that will be included. Pogo (Ref. 8)
used a large body of observations of the eclipse of 1936 December
28 in order to estimate the least magnitude “which can be noticed
by the average naked—eye observer.” The greatest magnitude of this
eclipse was —0.15. According to Pogo’s study , the “typical” ob—
server first saw the eclipse when the magnitude reached —0.37, and J
he last saw it when the magnitude fell to —0.27. Pogo notes that
there was a period of hesitation between the first time an observer

- • thought he saw the eclipse and the time when he was sure of it.
4 Similarly , there was a period of hesitation at last visibility. By

combining these considerations , Pogo concludes that the smallest
eclipse that would be seen by the “average naked—eye observer” has
a magnitude of about —0.33.  - - -

On this basis, Dubs (Ref. 9) included penumbral eclipses in
his canon of lunar eclipses visible in China. Instead of using
—0.3 3 as the limiting magnitud e , Dubs used —0.34 for a reason that
I do not know ; I shall use —0.34 to be consistent with him .

We should note that the people whose observations were used
in Pogo’s study were not “average naked—eye observers” at all.
They were people who were competing to be the first to see the teclipse of 1936 December 28 whether they realized it or not. Many
and perhaps all of them had a great deal of experience , they knew
that a penumbral eclipse was about to occur , and many knew the pre—
cise times of the eclipse. They certainly cannot be considered

Ref.  8. A. Pogo , “On the Visibility of Lunar Eclipses ,”
Popular Ast ronomy, Vol. 45 , 1937 , pp. 126—129.

-0 Ref. 9. H. H. Dubs , “A Canon of Lunar Eclipses for Anyang
and China, —1400 to —1000,” Harvard Journal of Asiatic Studies,
Vol. 10, 1947, pp. 162—178.
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typical Shang observers. Finally it is doubtful  that Pogo ’s study
is relevant to the study of the Shang eclipses.

I The canon of penumbral eclipses follows immediately after
the canon of umbral eclipses , and it has the same format. One
point should be noted , however. In the canon of umbral eclipses,
BT and ET are the times when the magnitude of the eclipse reaches

1 0. For the penumbral eclipses, these are the times when the magni—
tude reaches —0.34.

I

I
:~

I

I
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7. VISIBiLITY OF ECLIPSES AT PLACES OTH ER THAN ANYANG

We determine the visibility of an eclipse at Anyang by com-
paring the eclipse times BT, GT , and ET with the times of moonset
and moonrise, MS and MR. Between MS and MR, the moon is below
the horizon. Thus it is not visible between those times, and a
lunar eclipse that occurs then Is invisible. I have already ex-
plained how to use the canons to determine which eclipses were
visible at Anyang.

We must now turn to the visibility at any point other than
Anyang. We do this by using the times listed In the canons in
order to determine the corresponding times at any other place.
Once we have done this , we deh~rmine the visibility at any other
place just as we do at Anyang.

We want to consider any point whose latitude is 4, and
whose longitude is A. We take 4, to be positive for points in
the Northern Hemisphere and negative for points in the Southern
Hemisphere . We t ake A to be positive if it Is measured east of
Greenwich and negative west of Greenwich.

A lunar eclipse begins when the leading edge of the moon
touches the earth’s shadow. This event has nothing to do with
the way that the earth happens to be oriented in space at that
same instant. That is, in a measure of time that is worldwide in
application , the time when an eclipse begins is the same for any
observer , regardless of his latitude and longitude. The same prin-
ciple applies to the times associated with any other phase of an
eclipse. In other words , it applies to the times BT, GT, and ET
in the canons of eclipses.

The time that is most commonly used on a worldwide basis
is Greenwich mean solar time , which is often called universal time .
Greenwich or universal time is 7.62 hours less than Anyang time ,
so we get the Greenwich values of BT, GT, and ET by subtracting
7.62 hours from the corresponding times listed in the canons. To
get the corresponding times at any other place , we add the differ—
ence between Greenwich time and local time at that place. In re—
cent years, most of the world has observed time zones , so we would
add the difference between local zone time and Greenwich time. In
the times to which the canons of this report apply , however , every
observer implicitly used the time corresponding to his longitude.
Since time increases by 1 hour when the longitude increases by 15°,
local time is A/15° greater than Greenwich or universal time.

—2 4 —

I

~

T T T T1J ITTIIITITT_- ~i 
_ _



- THE JOHNS HOPKINS UNIVERSITY
APPLIED PHYSICS LABORATORY

LAUREL. MARYLAND

In sum, to change BT, GT , and ET to any other longitude,
add the quantity t~H, def ined by

• t~H = A IlS0 — 7.62 hours, (2)

to the corresponding times listed in the canons. When doing this ,
watch for changes in date and JDN, and also be careful to use the

I correct sign of A.

H For example, the times BT, CT, and ET for the eclipse of
a —1494 April 25, lunation —41 974, are 7.45, 9.30, and 11.15 hours ,

I respectively, in Anyang time. In Greenwich time , the respective
hours are —0.17, 1.68, and 3.53. Since GT is still positive, the
date in Greenwich time is still —1494 April 25, even though the

I 

eclipse began before midnight there.

To give another example, the same times for the eclipse of
• - —1494 October 20, lunation —41 968, are 2.38, 4.20, and 6.02 in

Anyang time. In Greenwich time , these become —5.24, — 3.42, and
—1.60. Since GT is now negative , we probably prefer to consider

• 

I 

that the eclipse came on the preceding day , namely —1494 October
19, in Greenwich time, and that the hours are 18.76, 20.58, and
22.40.

::‘ It is extremely unlikely that the problem will ever arise,
but I feel that I should caution the user not to cross the Inter—
national Date Line by implication when he assigns the longitude ,
if he wants to adhere to the conventional system of assigning
dates. For example, suppose he wants the times of an eclipse as
seen on the island of Attu. The longitude of Attu is usually
written as 173° east of Greenwich (+173°). However, the date line
is de liberately inden ted in the Be r ing Sea to let Attu be con—

.~~ sidered part of North America rather than Asia. Hence , if we want
to app ly Eq. (2)  to Attu , we should take the. longitude to be —187°
rather than +1730.

• Before we consider the times of moonrise and moonset , let
us take up an easier problem . Suppose that the sun sets at 17.62
hours , An yan g time , on some p art icular day. At what time does it

III set at any other point that is at the same latitude? When we have
answered this question , we shall find it easier to handle the times
of moonrise and moonset.

Let us suppose that  the city of Oran is on the meridian of —

Greenwich and that it has the same latitude as Anyang. Under these
suppositions , which are fairly accurate , what is the Oran time of
sunset on a day when sunset comes at 17.62 hours in Anyang? At

I 
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17.62 hours in Anyang , the local time in Oran is 10.00 hours , and
the sun is f3r from setting in Oran. In fact, since Oran is
1l4°2O ’ (ll4°.333) west of Anyang, the sun sets at Oran at a time
114.333/15 = 7.62 hours later than it does at Anyang. Hence sun-
set at Oran on the day in question is 17.62 hours local time, the
same as it is in Anyang in local time.

In other words , the local time s o f sunset and sunrise on a
given day are the same at all points with the same latitude. In
making this statement , I am ignoring some small effects that can-
not change the times by more than 2 minutes. I shall take up what
happens at different latitudes in a moment.

• - The corresponding statement about the times of moonrise and
• moonset is not as accurate , because the moon moves by a large

amount during the course of a day. The point that is setting when
it is moonset in Anyang, for example , is not the same point in the
heavens that is setting when it is moonset in Greenwich. The
error in saying that moonrise and moonset occur at the same local
time on a given day (for points at the same latitude) can reach

• - 25 minutes or more.

Partly for this reason , and partly for technical reasons
connected with the processes of computation , the times that I have

• calculated and called MS and MR are not actually the times of moon—
set and moonrise at Anyang. In order to define these times , let
M denote the point in the heavens that the moon occupies at the
time of greatest eclipse, that is, GT in the canons. MS and MR
are the times in Anyang when point M sets and rises. With this
definition , we can take MS and MR to be the same at all points hav-
ing the same latitude. The maximum error in doing so is about 4
minutes.

Altho ugh MS and MR are the setting and rising times of
point M rather than of the moon , we can use them as if they were
the t rue times o f moonset and moonrise , provided that we use them
only to determine whether an eclipse is visible or not. Consider
a time of moonset , for example. If the median t ime of an eclipse
is far from the time of moonset, the fact that MS may differ from
the t ime of moonset by 25 minutes doe s not matter. Conversely , if
the median t ime of an eclipse is close to the time of moonset ,
point M is close to the true position of the moon when it sets ,
and the difference between true moonset and MS is quite small.

In other words , the error in taking MS to be th e time of
-
~~~ moonset is -automatically small whenever the error can be impor—r tant . It can be large only when a large error does not mat ter .

The same statement applies to taking MR as the time of moonrise.

~~~~~~~~~~~~~~~~~~~~ ~~~~~~ ~~~~~~~~
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BT , GT , and ET depend upon the longitude of the observe r
(Eq. ( 2 ) )  but not upon his latitude. MS and MR behave in just the
opposite way. As we have just seen , they do not depend upon the
observer ’s longitude but they do depend upon his latitude. It re-
mains to calculate MS and MR for any lati tude other than that of

I Anyang. An explanation of the method by which this is done is very
lengthy. Reference 3 (p. 26) gives an explanation aimed at the

• professional astronomer. Newton (Ref .  10) gives a simplified ex—
planation aimed at a person who is not an astronomer. Here I shall
merely summarize the calculations to be performed.

Let R denote the time called MR for any point other than

I 
Anyang, and let RA denote MR for Anyang. In other words , RA is
the same as MR tabulated in the canons. Similarly , let S denote
the time MS for any point other than Any an g and let 5A de note this

I 

time for Anyang. Let 4,A denote the latitude o f Anyang and let 4,
denote the la t i tude of any other point ;  then 4,A = 36°04’ = +36°.0667.
In order to f ind R and S , we evaluate the quant i t ies  N , hA, and
h by using the following formulas :

• N = ½ (R + S ) hours ,A A

• h = 15(R — N) degrees,

and 

A A

h = arccos (cos h
A tan 4,/tan ~~ deg rees.

After we have found the quantities N and h by the use of
Eq. (3), we find R and S from

R = N + (h/is) hours

and

S = N — (h/l5) hours . (4)

As an example of the use of Eqs.  (3) and (4) , consider the
eclipse of —1497 June 27 , lunation —42 009. For this eclipse ,

A

- Ref. 10. R. R. Newton , “Introduction to Some Basic Astronomi—
cal Concepts ,” Astronomy in Ancient Literate Societies, Vol. 276A

• of Philosophical Transactions of the Royal Society of London, 1974,

- 
pp. 5—20.
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SA = 4.61 hours and RA = 19.13 hours . Since the latitude of
Anyang is 36°.0667, tan 4,A = 0.728 322. The calculations for
latitude +51°, which is approximately the latitude of Greenwich , ‘

and for latitude _ 3 30 , which is approximately the latitude of
Capetown, South Africa , are summarized in Table 1. The first
column in the table gives the symbol for the quantity involved ,
the second and third columns give the values of these quantities

-~ 

- 
for Greenwich and Capetown , and the fourth column gives the units
of the quantity involved. The quantities cos hA and cos h are
dimensionless.

Table 1

The Times R and S for the Eclipse of —1497 Jun e 27 ,
Calculated for Greenwich and for Capetown , South Africa

Quan t i t y  Value for Value for
Symbol Greenwich Capetown Units

4, 51 —33 degrees

N 11.87 11.87 hours

hA 108.9 108.9 degrees

cos h
A 

—0.323 917 —0.323 917

cos h —0.549 214 +0.288 820

h 123.3 73.2 degrees

R 20.09 16.75 hours

5 3.65 6.99 hours

IT.
‘1
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8. UNCERTAINTIES IN THE CANONS

I
The major ephemeris publications , such as the American

Ephemeris and Nautical Almanac, give ephemerides of the sun and
moon that are based upon certain detailed solutions of the equa-
tions of motion of the solar system. The canons of eclipses in
this report are based upon the same solutions. There are two types

P of possible error in the canons. First , certain approximations
have been made in orde r to simpli fy the calculat ions , and second ,
the basic solutions themselves contain errors.

The complete solutions for the motions of the sun and moon
can be put into the form of sums of periodic funct ions  (sines and
cosines). The correct solutions must have inf ini te  numbers of
terms, but only a finite number can be used in actual computations .
The major ephemeris publications use about 130 terms for  the motion
of the sun and about 1500 for  the motion of the moon . In preparing
the canons , I kept only about the 70 largest terms for  the sun and
about 350 for the moon . The result o f u sing the shortened solu—
tions can be expressed by the e f f e c t  upon BT , GT , and ET. I e st i—
mate that the average effect is about 20 seconds of time , but in
rare cases the error might amount to 1 minute.

I 
Finding the greatest magnitude would take an inf in i te  n utn—

ber of computations if it were done exact ly . Therefore I adopt a
criterion of accuracy and terminate the computations when this cri—
ten on is satisfied. The criterion that I use can lead to an error
in the greatest magnitude that does not exceed about 0.002. This
means that an eclipse with a magnitude between 0 and 0.002 could
have been t ransferred from the canon of umbral eclipses to the
canon of penumbral eclipses . It also means that an eclipse wi t h a
magnitude between —0.34  and —0. 338 could have been missed entirely.

Finding BT and ET also requires an infinite number of compu—
tat ions to do exactly . In preparing the canons , the computer pro—
gram searches for the first time the magnitude is within 0.005 of 0
for umbral ecli pses and o f —0.34 for  penumbral ones. It calls this
time BT. The next time that the magnitude Is within the specified
range is called ET. The resulting errors in BT and ET depend some—
what upon the ci rcu mstan ces , but they are usually less than 20 see—

I 
onds .

The errors in the basic solutions for  the motions of the sun
and moon come almost entirely from unknown forces that affect thei r
motions. The best known is the force of friction in the tides , but

I
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there are other forces as well, some of which may arise from mag—
netic effects .  In the presen t state of knowledge , there is no way
to determine such forces from theoretical knowledge . They can be
found only from the study of astronomical observations made in
ancient and medieval times. This study has given us a great deal
of knowledge about the forces, but it cannot give us complete
knowledge. The incompleteness of our knowledge leads to uncertain-
ties in the calculated positions of the sun and moon.

In calculating the circumstances of lunar eclipses, the posi—
tion of the moon relative to the sun is most important, not the in—
dividual position of either. We can write the error in the relative
position as ET2, in which E is evaluated from a study of the data
and T denotes the time in centuries before the present.

In an earlier study (Ref. 11) I summarized what was believed
about the coefficient E at that time . The canons of eclipses
presented in this report are based upon the information about forces
given in that summary. Since then , I have discovered that some of
the observations that were universally accepted as valid in 1973
cannot be used to study E. Some of the records used turn out not
to be valid , while others, though valid , cannot be dated. Thus
quite a few “observations” used in earlier work must now be removed
from consideration , but this loss is balanced by the introduction of

• additional observations that had not been used in astronomical re-
search by 1973.

In work that is now in preparation , I have studied the effect
of removing the invalid or undatable observations and adding some
of the new observations. These changes make only a trivial differ-
ence in the calculated circumstances of eclipses, and the canons
based upon the 1973 results are still as good as we can do. The

~~~1 changes do increase the estimates of the error coefficient E some—
what, but not by a serious amount.

The year —567 is the earliest for which we have an apprecia-
ble body of observations. The only earlier observations that are
valid and that can be dated are 17 Chinese observations of solar
eclipses from —719 February 22 to —573 October 22.* However, many
useful observations have been preserved from almost every century
since —600. On the basis of these observations , we assign E 1
second of arc per century per century for times between —600 and
the present.

Ref. 11. R. R. Newton , “The Historical Accelerat ion of the
Earth ,” Geophysical Surveys, Vol. 1, 1973 , pp. 123—145.

~~ *Opportunity has allowed the use of only two of these eclipses in

~~ the analysis that has been performed. I am analyzing the other
eclipses and preparing the results for publication .
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More precisely , this is the estimated standard deviation .
By the definition of standard deviation, the probability is about
1 in 3 that the error is greater than this value . In most scien—

• t i f ic  work , a result is usually considered not to be well estab —
lished unless it is at least on a “two standard deviation” basis.
This means a probability of less than 1 in 20 that the error ex-
ceeds the stated value . On this basis , then , we must t ake E 2
seconds of arc per century per century for times since —600 .

If it had turnec~ out that the frictional forces were con-
stant since —600, it would be reasonable to assume that they were
constan t from —600 back to Shang times . However , the data show

p that the forces have varied widely between —600 and the present ,
and we must assume that they were also variable between —600 and

• Shang times. For years before —600 , we are extrapolating beyond
the available data, and extrapolation always increases an uncer—
tainty. There is obviously no rigorous way to assign H for
times before —600. However, if we make the plausible assumption
that the forces had the same range of variability before —600 as
they have shown since then, we should double the value of E in
going back to Shang times.

In sum, we should take the error in the position of the
moon , relative to the sun, to be 4T2 seconds of arc for the times
covered by the canons presented here. Any smaller error estimate
is unduly optimistic , in my opinion.

For the midd le o f the Shan g pe r iod , the estimated err or is
about 3600 seconds of arc , or 1° . It takes the moon about 2 hours
to move this far relative to the sun, and thus it t akes the moon
about 2 hours to move this far relative to the earth’s shadow. In
other words , the un certain ty in BT , CT , and ET is 2 hours .

• The uncertainty in MS and MR , on the other han d , Is neg li—
• gible. This uncertainty , like that in BT , CT , and ET , depends

upon the uncertainty in the position of the moon relative to the
sun, which is about 1°. However , the earth rotates through 10 in
4 minutes , and it is the earth ’s rotat ion , in combination with the

1. lunar position , that determines the moonset and moonnise times MS
and MR. Hence the uncertainty in MS and MR is only 4 minutes ,
which is negligible for present purposes.

~1
• The change in the magnitude of an eclipse that corresponds

to changing its time by 2 hours is about 0.007. In othe r words ,
this is the uncertainty in the GM column.

Dubs (Ref. 9) says that the times in his canon are accurate
to about 15 minutes , and that the magnitudes are accurate to about

-31 -
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0.03. The statement about the magnitudes seems pessimistic, but
the statement about the times is quite optimistic. I believe that .J
this statement refers only to the first kind of error mentioned
above, that due to the mathematical approximations made in calcu— - -

lating the canon. Dubs does not seem to have known about the basic
uncertainties in the forces acting upon the sun and the moon that

- cause most of the uncertainty in the canons .
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A CANON OF UMBRAL LUNAR ECLIPSES

I FROM —1500 TO —1000

I J174 V ri 0 C MS MR RI GT FT M2 GM M 3

1 —42044 1173422 —1500 AUG 27 52 5.26 18.88 —0.69 0.11 0.90 0.13 0.18 0.14
—42033 11737 47 —1499 JUL 18 17 4.80 19.14 ~.70 6.71 6.72 0.06 0.08 0.06
—42027 1173924 —1498 JAN 11 14 7.40 16.97 12.61 14.2~ 16.08 0.73 1.14 0.74

1 —42021 1174101 —14 98 JUL 7 11 4.69 19.16 70.00 22.64 24.37 0.84 1.38 0.85
P —42015 1174278 —1498 DEC 31 8 7.37 16.83 1’.OO 16.77 18.55 0.77 1.21 0.77

—42009 1174456 —1497 JUN 27 6 4.61 19.13 9.08 10.71 12.34 0.63 0.94 0.63
I —42003 1174633 —1497 D E C 21 3 7.27 16.73 2.25 2.47 2.6~ 0.01 0.01 0.01

—41986 1175135 —1495 MAY 6 25 5.38 18.48 1.05 2.34 3.62 0 .33  0.46 0.33
—41980 1175312 —1495 OCT 30 22 6.32 17.41 18.77 20 . 39  22 . 07 0.73 1.12 0.73
—41974 1175489 —14 94 APR 25 19 5.58 18.36 7.45 9.?0 1l. 1C 0.Q3 1.77 O.~~3

—41968 1175667 —1494 OCT 20 11 6.15 17.60 2.38 4 ,20  6.02 0 .80  1.27 0.79
—41962 1175843 —1493 A PR 14 13 5.79 18.25 21.92 23.06 24.20 0.31 0.43 0.31

- - —41939 1176523 —1491 FEB 22 33 7.09 17.~ 8 19.47 21.23 22.99 0.78 1.24 0.79
—41933 1176699 —14 91 AUG 17 29 5.13 10.00 71.07 ??.6Q 24.32 0.66 1.03 0.69
—41927 11768 78 —1490 FEB 12 28 7.22 17.43 1.23 3.00 4.76 0.70 1.07 0.70

—41921 1177054 —1490 AUG 7 24 6.90 19.07 12.~~3 14.03 15.74 0.65 1.40 0.8~
—41909 1177409 —1489 JUL 28 19 4.Sd 19.1C 6.12 6.61 7.09 0.05 0.07 0.05
—41898 1177734 —1488 JUN 17 44 4.63 19.07 7.57 8.43 9.29 0.15 0.20 0.15
—41892 1177911 —1488 d EC 11 41 7.10 16.79 —0.63 1.04 2.71 0.77 1.20 0.77
—41886 1178088 —1487 JUN 6 38 4.76 18.90 9.73 11.68 13.”2 0.88 1.56 0.89

—41880 1178265 —1487 NOV 30 35 6.88 16.91 14.75 16.43 18.10 0.82 1.32 0.82
—41874 1178442 —1486 MAY 26 32 4.96 18.73 10.88 12.47 13.95 0.49 0.70 0.49
—41868 1178620 —1486 NOV 20 30 6.66 17.08 6.72 7.08 7.’.’, 0.03 0.04 0.03

I —41851 1179121 —1484 APR 4 51 6.06 18 .14 2’.68 2’ .22 24.77 0.65 O.°6 0.64
—41845 1179298 —1484 SEP 28 48 5.82 18.07 21.°5 23.61 25.28 0.58 0.85 0.~~P

—41839 1179476 — 1483 MAR 25 46 6.38 18.00 14.51 16.25 17.99 0.88 1.48 0.88
—41833 11796 53 —14813 SEP 18 43 5.63 18.38 —1.~~3 0.4~ 2.34 0.87 1.49 0.87
—‘.1827 1179831 —1 482 MAR 15 41 6.69 17.85 6.16 6.~~8 7.01 0.04 0.05 0.04
—4 1821 1180007 —148 2 SEP 7 37 5.44 18.66 7.29 8.20 9.1 0 0.18 0.24 0.18
—41804 1180509 —1480 JAN 22 59 7.40 17.11 20.16 71.95 23.75 0.71 1.10 0.72

1 —41798 1180687 —1480 JUL 18 57 4.77 19.18 4.52 6.23 7.94 0.79 1.26 0.80
—41792 1180864 —1479 JAN 11 5’. 7.44 16.93 —0.84 0.95 2.73 0.78 1.24 0.79
—41786 1181041 —1479 JUt. 7 51 4.64 19.20 16.09 17.80 19.50 0.70 1.06 0.70
—41780 1181218 —1479 DEC 31 48 7.41 16.78 10.77 11.11 11.45 0.02 0.03 0.03
—41763 118 1720 —1477 MAY 17 10 5.15 18.61 7.81? 8.90 9.98 0.23 0.31 0.23

—41757 1181898 —1477 NOV 11 8 6.52 17.19 3. 43 5 .11 6.79 0.73 1.12 0.73
• —4175 1 11820 74 —1476 MAY 5 4 5.33 18.49 14.54 16.39 18.24 0.93 1.82 0.93
1 —41745 1182252 —1476 OCT 30 2 6.33 17.36 10.65 17.47 14.30 0.80 1.27 0.79

-41739 118242Q —1475 APR . 25 59 5.52 18.38 5.28 6,5’ 7.82 0.40 0.56 0.40
—41716 1183109 —1473 M A R 8 19 6.87 17.74 ~.12 4.8! 6.58 0.74 1.15 0.74

~~1
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A CANON OF UMBRAL LUNAR ECL ! PSFS

FROM —1500 TO —1000

I JON V N 0 C MS MD PT ~-T FT M2 CM M3

—41710 118328! — 1473 AUG 29 15 5.31 18.82 ~.18 6.16 8.35 0.65 0.97 0.65
—41704 1183463 —1472 FEB 23 13 7.04 17.59 8.~ 1 1fl .’2 12.13 0.74 1.15 0.74
—4 1698 1183639 —1’.72 AUG 17 9 5.16 18.94 20.42 22.14 2’ .R7 0.88 1.47 0.88
—41686 1183994 —147 1 AUG 7 4 5.02 19.02 13. 78 14.4~ 35.1~ 0.11 0.15 0.11 —

—41675 118’.319 —1470 JUN 28’ 29 4q 59 19.18 14.815 15.30 1!.75 0.04 0.05 0.04

—41669 1184496 —1470 DEC 22 26 7.27 16.79 8.18 9.8w 11.51 0.77 1.20 0.77
—41663 1184673 —1469 JUN 17 23 4.67 19.03 16.10 18.10 20.0? 0.84 1.40 0.814
—41657 1184851 —1469 DEC 12 21 7.07 16.84 —0. 3 1  1 .37 3.05 0 .82 1.32 0.22
—41651 1185027 —1668 JUN 5 17 4.81 18.87 17.27 18.02 2t.57 0.59 0.86 0.59
—41645 1185205 —1468 NOV 30 15 6.66 1 .95 1~~,c7 15.89 16.21 0.02 0.03 O .C2

—41628 1185707 —1466 APR 16 37 5.77 18.27 5 .36 6 .63  8.30 0.58 0.84 0.58
—41622 1185884 —1466 OCT 10 34 6.00 17.81 5.79 7 .44  9.09 0.57 0.82 0.56
—41616 1186061 —1465 APR 5 31 6.09 18.13 22.16 73. 92 25.68 0.91 1.60 0.Q1
—4 1610 11862 38 —1465 SEP 20 28 5 .80  18.17 6.55 8. 43 10.32 0 .88 j • !3 0.88
—41604 1186418 — 1464 MAR 25 26 6.42 17.99 13.11 14.04 14 .78 0.11 0.15 0.11

—41598 1186592 —1464 SEP 17 22 5.61 18.42 15.48 16.46 17.44 0.21 0.29 0.21
—4 1581 1187093 —1462 FEB 2 6! 7 .33 17.28 3.71 !.‘.8 1.26 0.69 1.04 0.60
—41575 11872 72 —1462 JUL 29 42 4.89 19.14 12.26 13.93 15.60 0.75 1.16 0.75
— 415b~ 1187449 —1461 JAN 72 39 7.66 17.07 7.22 9.01 10.80 0.810 1.28 0.80
—41563 1187627 —1461 JUL 19 37 ‘,.13 19 .22 —0.82 0.94 2.70 0.76 1.18 0.76

—41557 1187803 —1460 JAN 11 33 7.48 16.89 19.20 19 .67 20 .13 0.05 0.06 0.05
—41540 1188305 —1459 MAY 27 55 4.97 18.75 14.70 15.4Q 16.28 0.12 0.16 0.12

-; —41534 1188483 —1459 NOV 21 53 6.72 17 .02 12.16 13.84 15.52 0.73 1.12 0.73
—4 1528 11886 59 —1458 MAY 16 49 5.10 18.63 21 .63  23.~~7 25.30 0.92 1.67 0. 92
—41522  1188837 —1458 NOV 10 47 6.53 17.14 18.06 20.79 22.62 0.80 1.27 0.79

—41516 1189014 —1457 MAY 6 44 5.27 18.51 12.62 14.00 15.38 0.49 0.70 0.49
—41493 1189694 —145 5 MA R 16 4 6.62 17.89 10. 64 17 .33  16.01 0.69 1.0’ 0.69
—41487 11898 70 —1455 SEP 8 60 5.48 18.61 13.43 14.98 16.53 0.62 0.91 0.62
—41481 1190048 —1454 MAR 5 58 6.82 17.75 15.64 17 .49 I9.3~ 0.78 1.25 0.79

1475 1190225 —1454 AUG 79 55 5.33 18.76 4.66 6.39 8.13 0.90 1.54 0.89

—41463 1190579 —1453 AUG 18 49 5.18 18.89 21.63 22.48 23.33 0.17 0.23 0.17
—41446 1191081 —1451 JAN 1 11 7.39 16.84 16.89 ] 8 . 5 5  20.20 0.77 1.19 0.76

• —41440 11912 59 —1451 JUN 28 9 4.63 19.14 —1.26 0.61 2.49 0.79 1.25 0.79
—4 1434 1191436 —1451 DEC 22 6 7.23 16.83 P.~ A 10.24 11.93 0.82 1.32 0.82
—41428 1191613 —1450 JUN 17 3 4.71 18.99 —0.26 1.48 3.2? 0.68 1.02 0.68

1 —41422 1191791 —1450 DEC 12 1 7.04 16.88 0.36 0.65 0.94 0.02 0.02 0.02
—41405 1192292 —1442 APR 26 22 5.49 18.41 12.96 14.34 1~ .73 0.50 0.71 0.50

j —41399 1192469 — 1448 OCT 20 19 6.18 17.55 13.77 15. 40 17.04 0.56 0.80 0.55
:‘ —4 1393 1192647 —1447 APR 16 17 5.80 18.26 5.71 7.49 9 .27 0.93 1.72 0.93 —

—41387 1!92823 —1447 OCT 9 13 5. 08 17.86 14.67 16.55 18.’ .4 0.89 1.~~5 0.88

~~~
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A CANON OF UMBRAL LUNAR E C L I P S E S

I FROM -1500 TO —100 0

L JON V M 0 C MS MR PT GT ~T N? GM M3

1 —41381 1193001 —1446 APR 5 11 6.13 18.12 20.~~3 21.38 22.34 0.19 0.26 0.19
—41375 11~~31 78 —1446 SEP 2Q 8 5.79 18.16 —0.17 0.86 1.90 0.24 0.32 0.24
—41358 1193680 —1444 FEe 13 30 7.20 17.45 11.17 12. Q0 14. 63 0. 65 0. 98 0.65

I —41352 11938 57 —1444 AUG 8 27 5.04 19.04 20.10 21.73 23.37 0.70 1.06 0.70
—41346 1194034 —1443 FEB 1 24 7.38 17.24 15.1! 16 .06 18 .7”  0 .82 1.34 0.82

—41 340 1194212 —1443 JUL 29 22 4.8 5 10.18 & 3 9  8 . 2 0  10.G0 0 .80  1.28 0 .80
—41334 1194389 —1442 JAN 22 19 7.49 17.04 .54 4.13 4.71 0.08 0.10 o.oe
—41317 1194890 —1461 JUN 7 40 4.83 18.88 21. 90 77 .13 2 .37 0.01 0.01 0.01
—41311 1195068 —1441 DEC 2 38 6.92 16.90 20.8! 22.53 24.?? 0.73 1.11 0.73
—41305 1195245 —1440 MAY 27 35 4.92 18. 77 4 .76 6 .58  8. 39 0 .89  1.53 0.89

1 —41299 1195423 —1440 NOV 21 33 6.73 16.97 3.27 5.10 6.93 0.80 1.27 0.79
—41293 1195599 —1439 MAY 16 29 5.04 18.65 1°.~~6 21.44 22.92 0.58 0.84 0.58
—41270 11962 79 —1437 MAR 27 49 6 .35  18.03 17. °8 19 .61 21 .24 0.62 0.92 0.62
—41264 1196455 —1437 SEP 19 45 5.66 18.37 21.84 2’ .36 24.89 0.60 0 .88 0.60
—41258 11966 34 —1436 MAR 16 4’. 6.57 17.Q0 — 1.47 0.47 2.36 0.83 1.37 0.83

—41252 1196810 —1436 SEP 8 40 5.50 18.5! 1~~.04 14.78 16.52 0.90 1.59 0.91
• —4124 6 1196988 —1435 MAR 5 38 6.78 17.75 o.~~i 0.67 0.84 0.00 0.01 0.00

—41240 1197165 —1435 AUG 29 35 5.35 18.71 5.66 6.61 7.56 0.21 0.28 0.21
• —41223 1197667 —1433 JAN 13 57 7.45  16.95 1.53 3 .18  4.83 0.76 1.17 0.75

—41217 11978 44 —1433 JUL 9 54 4. 66 19.21 5.36 7.18 8.99 0.72 1.11 0.72

—41211 1198021 —1432 JAN 2 51 7.35 16.88 17.35 19.04 20.73 0.83 1.34 0.83
• —41205 1198198 —1 432 JUN 27 48 4.67 19.10 6 .32 8.13 9 • 04 0.75 1.16 0.75

—41199 1198376 —1432 DEC 22 46 7.20 16.87 Q •03 9 .34  9 .63 0.02 0.02 0.02
—41 182 11988 77 —1430 MAY 7 7 £ .23 18. 54 20.58 21. D6 23.13 0.41 0 .58  0.42
—41176 1199054 —1430 OCT 31 4 6 .26 17.31 21.8 1 2 3 . 4 3  2’~.O6 0 . 5 5  0.79 0 .5 5

‘ I
—41170 1199232 —1429 APR 27 2 5.52 18.39 13.18 14.97 16.76 0.94 1.85 0.94

• —41164 1190409 —1429 OCT 21 59 6.15 17.60 —1.08 0.80 2.68 0.89 1.57 0.89
—41158 1199587 —1428 APR 16 57 5.84 18.25 ~.45 4.59 5.72 0.28 0.39 0.28
—41152 119076? —1428 OCT 9 53 5.96 17.90 8.34 9.40  10.46 0.25 0.35 0.25
—41 135 1200265 —1426 FEB 23 15 7.01 17.62 18.48 20.17 21.8b 0.61 0.90 0.61

—41129 1200443 —1426 AUG 20 13 5.20 18.90 4.05 5 .64  7.24 0.66 0.98 0.66
—4112 3 1200620 —1425 FEB 13 10 7.24 17.42 — 1. 04 0 .78  2.60 0 .85  1.41 0.85
—41117 1200797 —1425 AUG 9 7 5.01 19 .09 13.71 15.55 17.38 0.84 1.37 0.814
—41111 1200974 —1424 FEB 2 4 7.42 17.22 11.74 12.45 13.16 0.11 0.15 0.12
—41088 1201654 —1423 OFC 13 24 7.10 16.84 5.50 7.18 8.87 0.72 1.11 0.72

?1
41082 1201830 1422 JUN 7 20 4.78 18.90 11. 96 13.74 15.51 0 .85  1.39 0.85

—41076 1202008 —1422 DEC 2 18 6.94 16.85 11. E7 13.41 15.24 0.80 1.27 0.7*
—41070 1202185 —142 1 MAY 28 15 4.86 18.79 3. 32 4 .87  6.43 0.66 0.98 0.66
—41047 1202865 —1419 APP 7 35 6.07 18.16 1.23 2. 781 4.32 0 .55  0.79 0.55
—4 1041 1203041 —1419 SEP 30 31 5.83 181 .11 6.~~7 7.88 9.39 0.58 0.815 0 .58
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THE JOHNS HOPKINS UNIVERSrTV

I - APPUED PHYSICS LABORATORY
LAUREL. MARYLAND

A CANON OF UMBRAL LUNAR E CL IP SES

FROM —1500 TO —1000

I JON V I’I U C MS MR RT GT FT M2 GM

—4 1035 1203219 1418 MAR 27 29 6.30 18.03 5.40 7 .33  Q •75  0.87 1. ’9 O.ee
—41029 1203395 —1418 SEP 19 25 5.67 18.31 21.54 23.29 25.04 0.91 1. -3 0. 92

H —41023 12035 73 —1417 MAR 16 23 6.)? 17.90 6.88 7.59 8.30 0.00 0.12 0.09
—41017 1203750 —14 17 SEP 9 20 5.52 18.49 13.814 14.86 15 .89 0. 24 0 .33 0 .24
—41000 1204252 —1415 JAN 23 42 7.45 17.10 10.05 11.68 13.31 0.74 1.14 0.7A.

—40994 1204429 — 1415 JUL 19 39 4.74 19.23 12.13 13.87 15.62 0.65 0.07 0.65
—40988 1204607 —1414 JA N 13 37 7.41 16. 09 2.02 3.71 5.41 0.84 j.36 0.84
—40982 12047e3 —1414 JUL 8 33 4 .69 19.16 13. 05 14.~~0 16.76 0.81 1.30 0.81
—40976 1204961 —1413 JAN 2 31 7.31 16.92 11.59 17. Q3 18.27 0.02 0.03 0.02
—40959 1205463 —1412 MAY 18 53 5.00 18.69 4.18 5.’2 6.46 0.37 0.45 0.32

—40953 1205640 —1412 NOV 11 50 6.56 17.10 r.91 7.53 9.15 0.55  0.79 0.54
—40947 1205817 —1411 MAY 7 47 5.27 18.53 20.60 22.39 24.18 0.94 1.79 0.94
—40941 1205994 —1411 OCT 31 44 6.34 17.36 7.28 9.16 11.03 0.89 1.57 0.89
—40935 1206172 —1410 APR 27 42 5.56 18 .38 10.40 11.69 12.98 0.37 0.51 0.37
—40929 1206348 —1410 OCT 20 38 6.14 17.64 16. °7 18. 05 19.13 0.26 0.36 0.76

—40912 1206851 —1408 MAR 6 1 6.78 17.78 1.68 3.2° 4.90 0.55 0.80 0.55
—40906 1207028 —1408 AUG 30 58 5.37 18.70 12.12 13.68 15.24 0.62 0.91 0.61
—40900 1207205 —1407 FEB 23 55 7.06 17.60 6.66 8 .49 10.32 0.87 1.49 0.87
—40894 1207382 —1407 AUG 19 52 5.18 18.94 21.15 23.01 24.87 0.86 1.45 0.86

. 4 —408 88 1207559 —1406 FEB 12 49 7.29 17.40 1°.P7 20.66 21.50 0.16 0 .22  0.16

—40882 1207737 —1406 AUG 9 47 4.97 19.13 0. 93 1.40 1.67 0.04 0.05 0.04
—40865 1208239 —1405 DEC 24 9 7.26 16.84 14.05 15.74 17 .43 0.72 1.10 0.72
—40859 1208415 —1404 JUN 17 5 4.70 19.02 19.25 20.98 22.71 0.79 1.26 0.80
—40853 1208593 —1404 DE C 12 3 7 .13  16.79 1° .78 21 . 62 23 . 47 0.80 1 . 2 8  0.80
—40847 1208770 —1403 JUN 7 60 4.72 18.93 10.73 12.3! 13.96 0.73 1.12 0.73

—40841 1208947 — 1403 DEC 1 57 6.95 16.80 21.22 21.33 21.45 0.00 0.00 0.00
—40824 1209450 —1401 APR 18 20 5.79 18.28 P.~~! 9.79 11.22 0.46 0.65 0.46
—40818 1209626 —1401 OCT 11 16 6.00 17.85 15.03 16.53 18.02 0.57 0.83 0.57
—40812 12098 04 —1400 APR 6 14 6.02 18. 16 12.04 14.00 15.95 0.90 1.63 0 .90
—40806 1209981 —1400 SEP 30 11 5.84 18.05 6.18 7.93 9.69 0.92 1.66 0.92

r. —40800 12101 58 —1399 MAR 26 8 6.26 18.03 13.39 14 .39 15.39 0.19 0.25 0.19
—40794 1210335 —1399 SEP 19 5 5.68 18.25 22.15 23.22 24.30 0.27 0.37 0.27
—40777 1210837 — 1397 FEB 3 27 7.37 17.27 18.47 20.08 21.69 0.72 1.09 0.72
—40771 1211014 —1397 JUL 30 24 4.87 19. 19 1Q .00 20.67 2 .34 0.58 0.85 0.58
—40765 1211192 —1396 JAN 24 22 7.39 17.13 10.57 12.28 13.99 0.85 1.40 0.85

—407 59 121 1368 —1396 JUL 18 18 4.77 19.18 19.94 21.82 23.71 0.86 1.43 0.85
—40753 1211547 —1395 JAN 13 17 7.36 17.02 1.96 2.39 2.81 0.04 0.05 0.04
—40747 1211723 —1395 JUL 8 13 4.73 19.12 4.72 5 .34 5.96 0.08 0.11 0.08
—40736 1212048 —1394 MAY 29 38 4.81 12.84 11.83 12. 8 1 13.781 0.23 0.31 0.23
—40730 1212225 —1394 NOV 22 35 6.77 16.94 14.03 15 .65 17.26 0.54 0.79 0.54
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I THE JOHNS HOPKINS UNIVERSITY

APPLIED PHYSICS LABORATORY
LAU RRL MARTLAND

I
A CANON OF UMBRAL LUNAR ECLI PSES

I 

FROM —1 500 TO —100 0

L JON V M D C MS MR PT CT FT M2 GM

—40724 1212403 —1393 MAY 19 33 5.04 18.67 3.98 5.76 7.54 0.92 1.65 0.92
—40718 121257° —1393 NOV 11 29 6.54 17.15 15.70 17.57 10.44 0.89 1.58 0.89
—40712 1212757 —13 92 MAY 7 27 5 .31  18 .51  17.27 18 .69 20.12 0.46 0.65 0.46

I —40706 1212934 —1392 OCT 31 24 8.32 17.40 1.69 7.78 3.67 0.7 0.37 0.27
—40689 1213436 —1390 MAR 17 46 6.52 17.92 8.76 10.29 11.8? 0.40 0.bQ 0.48

—40683 1213613 —1390 SEP 10 43 5.55  18 .48 20.32 2 1 . 8 5  23.37 0.59 0.85 0.58

I —40677 1213790 —1 389 MAR 6 40 6.63 17.76 14.71 16.06 17.91 0.90 1.58 0.89
—40671 1213968 —1389 AUG 31 38 5.35 18.75 4.73 6.8- 1 8 .49 0.86 1.52 0.88
—40665 1214145 —1388 FEB 24 35 7.10 17.58 3.77 4.74 5.70 0.21 0.29 0.22
—40659 1214322 —1388 AUG 19 32 5.15 18.98 7.75 8.52 9.28 0.11 0.14 0.11

1 —40642 1214825 —1386 JAN ‘. 55 7.36 16.91 —1.47 0.21 1.90 0.71 1.08 0.71
—40636 1215001 —1386 JUN 29 51 4.68 19.11 2.61 6.28 5.96 0.74 1.13 0.74
—40630 1215179 —1366 DEC 24 49 7.29 16.79 3.94 5.7Q 7.64 0.810 1.29 0.80
—40624 1215355 —1385 JUN 18 45 4.65 19.05 18.19 19.86 21.52 0.80 1.25 0.80
—40618 121553? —1385 DEC 13 43 7.15 16.TL 5.16 5.39 5.63 0.01 0.01 0.01

—40801 1216035 —1383 APR 28 5 5.53 18.41 1~~.41 16.72 16.02 0.36 0.51 0.36
—40595 1216212 —1383 OCT 22 2 6.18 17.59 —0.73 1.25 2.74 0.57 0.82 0.57
—40589 1216389 —1382 APR 11 59 5.75 18.29 18.6? 20.~~9 22.55 0.91 1.78 0.91• —40583 1216566 —1382 OCT 11 56 6.01 17.78 14.97 16.68 18.43 0.92 1.68 0.93
—40577 1216743 —1381 APR 6 53 5.99 18.16 19.85 21.07 22.2° 0.29 0.39 0.29

—40571 1216921 —13 81 OCT 1 51 5.85 17.99 6. 59 7.70 8 .8 1  0.28 0.39 0.28
—40554 1217423 —1379 FEB 14 13 7.23 17.45 2.73 4.32 5.90 0.69 1.03 0.69

• —40548 1217600 —1379 AUG 10 10 5.02 19.10 7.0~ 3.64 5.23 0.52 0.74 0.51
—40542 1217777 —1378 FEB 3 7 7.31 17.30 i~ .98 20.70 22.43 0.87 1.45 0.86

- 
- —40536 1217954 — 1378 JUL 30 4 4.89 19.14 2.07 4.87 6.78 0.89 1.55 0.88

—40530 12181 32 —1377 JAN 24 2 7.34 17.16 10.17 10.71 11.25 0 .06 0.08 0. 06
—40524 1218308 —1377 JUL 19 58 4.80 19.13 11.85 12.74 13.62 0.17 0.23 0.17
—40513 1218633 —1376 JUN 8 23 4.68 18.98 19.53 70.79 ?1.0~ 0.13 0.18 0.13
—40507 1218810 —1376 DEC 2 20 6.97 16.82 22.17 23.78 25.39 0.54 0.78 0.54
—40501 1218988 —1375 MA Y  29 18 4.65 18.82 11.34 13 .11 14.87 0.88 1.51 0.89

-: —40495 1219165 —1375 NOV 22 15 6.74 16.98 0 .15 2. 02 3.89 0.89 1.58 0.89
—404 89 12193 43 —1374 MAY 19 13 5 .08  18.65 0.11 1. 64 3 .18 0 .55  0 .79 0.55
—40483 1219519 —1374 NOV 11 9 6.52 17.19 10.49 11.58 12.67 0.27 0.37 0.27
—404 66 1220021 — 1372 MAR 27 31 6 .24 18.06 15.77 17.18 18 .59 0.41 0.58 0.41
—40460 12201 99 — 1372 SEP 21 29 5.72 18.23 4.62 6 .12 7 .83  0.56 0.80 0 .55

‘1
- - —40454 122037! —1371 MAR 16 25 6.57 17.91 21.68 23.54 25.39 0.92 1.68 0.91

—40448 1220553 —1371 SEP 10 23 5.53  18.52 12.44 14.33 16 .23 0 .99 1.58 0 .89
—40442 1220730 —1370 MAR 6 20 6.87 17.74 11.62 12.70 13.78 0.28 0.38 0.28
—40436 1220907 —1370 AUG 30 17 5.33 18.79 14 .83 15 .77 16.71 0.16 0.22 0.16
—40419 122 1410 —13 68 JAN 15 40 7.40 17.02 6.84 8 .52  10.19 0.69 1.05 0.69
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THE JOHNS HOPKINS UNIVERSITY

APPLIED PHYSICS LABORATORY
LAUREL MARYLAND

A CANON CF U M B R A L  LUNAR FC IIP SE c

FROM —1500 TO —1000

I JON V M t) C MS MD FT GT F T  M2 GM M3

—404 13 1221586 —13 68 JUL 9 36 6.72 19.16 10.10 11.72 13.~~4 0.68 1.01 0.8-8 —
—40407 1221764 —1367 JAN 3 34 7.40 16.86 11.°! 13.81 1~~.67 0.81 1.31 0.81
—40401 1221941 —1367 JUN 29 31 4.63 19.15 1.~~3 

3 q 44  5.14 0.85 1.38 0.P~
—40305 1222118 —13o7 DEC 23 28 7.31 16.75 12.99 13.36 13.73 0.02 0.03 0.0?
—40380 1222295 —1366 JUN 18 25 4.60 19.09 20.21 70.47 70.73 0.01 0.02 0.07 —

—40376 1222620 —136~ MA Y 0 50 5.29 18.c4 22.41 73.52 24.64 0.25 0.35 0.26
—40372 1227797 —1365 NOV 2 47 6.37 17.36 ~.6O 10.08 12 .56 0.~~7 0.82 0.~~6

- - - —40 366 1222975 —1364 APP 28 45 5.49 18.42 1.00 3 .06 ~~O2 0.91 1.72 0.91
—40360 1223152 —13 64 OCT 22 42 6.19 17.52 _ r .24 1.51 3.26 0.92 1.69 0.03
—40354 12233 29 — 1363 APR 17 39 5.71 18.29 7.2° 3.68 5 • 07 (I.’Q 0.~~4 0.39

• —40348 1223506 —1363 OCT 11 36 6.03 17.72 15.16 16.28 17.41 0.29 0.40 0.29
—40331 1224008 —1361 FEB 25 58 7.04 17.62 10.°1 12 .~~6 14.00 0.65 0.96 0.6~
—40325 1224185 —13 61 AUG 21 55 ~.19 1b.95 0.75 10.75 12.25 0.46 0.64 0.45
—40319 1224363 —1360 FEB 15 53 7.17 17.47 3.23 4•07 8.71 0.88 1.51 0.89
—40313 12245 39 —1360 AUG . 49 5.04 19.05 1fl .1Q 12.1 0 14.02 0.91 1.65 O .°0

—40307 1224717 —1359 FEB 3 47 7.26 17.33 18.22 18.28 19.54 0.09 0.12 0.09
—40301 1224893 —1359 JUL 29 4? ‘.°1 1~~.09 19.23 20.29 21.36 0.25 0.34 0.25

-• —40290 12252 1Q —1358 JUN 20 9 4.60 19.12 1.42 3.84 4.25 0.04 0.05 0.04
—40284 1225396 —135 8 DEC 14 6 7.16 16.77 6.75 7.85 9.46 0.54 0.78 0.53
—40278 12255 73 — 1357 JUN 9 3 4.72 18.08 1F .71 20.45 22.1 8 0.84 1.37 0.65

—40272 1225750 — 1357 UEC 3 60 6.94 16.86 8.61 10.48 12.35 0.89 1.58 0.89
—40266 1225928 — 1356 MAY 29 58 4.90 18.79 6.92 8.56 10.10 0.63 0.93 0.8-3
—40260 1226104 —1356 NOV 21 54 6.71 17.02 19.31 20.40 21.49 0.27 fl .38 0. 27
—40243 1226606 —1354 APR 7 16 5.95 18.19 22 .68 23.96 25.23 0.32 0.45 0.33
—40237 1226784 —1354 OCT 2 14 5.89 17.97 13.02 14.~~1 16.00 0.54 0.77 0.53

—40231 1226961 —1353 MAR 28 11 6.29 18.04 5.04 6.89 8.74 0.03 1.80 0.93
—40225 1227138 —1353 SFP 21 8 5.70 18.2: 20.28 22.19 24.09 0.90 1.62 0.89
—40219 1227315 —1352 MAR 16 5 6.60 17.80 19.33 20.53 21.72 O •3! 0.48 0.35
—40213 1227492 —1352 SEP 9 2 5.50 18.57 22.14 23.l~~ 24.25 0.21 0 .28 0.21
—40196 1227995 —13 50 JAN 25 25 7.37 17 .18 15.05 16. 7 1 18.37 0.67 1.01 0.67

—40190 1228171 —1350 JUL 20 21 4 .81 19.16 17.71 19 .26 20.82 0.61 0.90 0.61
—40184 1228349 — 1349 JAN 14 19 7.44 16.98 10.85 21.7? 23.60 0.82 1.34 0.82
—40178 1228526 —1349 JUL 10 16 4.68 19.20 9.~~6 11.0° 12.82 0.89 1.50 0.88
—40172 1228703 —13 48 JAN 3 13 7.43 16.82 20.7! 21.25 2 1 . 7 5  0.04 0.06 0.04
—40166 122 8881 —1348 JUN 29 11 4.59 19.19 3.29 3.97 4.64 0.10 0.14 0.10

—40155 1229206 —1347 MAY 20 36 5.08 18.67 5.48. 6.31 7.16 0.14 0.19 0.14
—40149 1229382 —1347 NOV 12 32 6.56 17.15 17.47 18.95 20.43 0.57 0.82 0.~~7
—40 143 1229560 —1348. MAY 9 30 5.24 18.55 7.52 9.47 11 .42 0.88 1.56 0.89
—40137 1229737 —1346 NOV 2 27 6.38 17.29 8.65 10.41 12.16 0.92 1.69 0.93
-40131 1229Q1~ —1345 APR 28 24 5 .45  18.42 8.69 10.27 11.75 O• 49 0. 70 0. 40
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r~1 T Spsop~~NSUNwERSfl~
APPLIED PHYSICS LABORATORY

LAUREL MARYLAND

I
A CAN ON OF UMB R A L L U~1A Q F C I T P S F C

FROM —1500 TO —1000

L JON V M D C MS ~1R FT O T F T  M2 GM M?

— 4 0 1 2 5  12 30 09 2  — 13 4~~ OCT 23 22 6.21 17.47 — 0.70 0 . 04 2.08 0.30 0.41 0.30
—40108 1230593 —1343 MAR 7 43 6.81 17.78 1B.°c 20.45 21.~~5 0.~.1 0.28 0.60
—40102 1230770 —1343 AUG 31 40 5.37 18.76 16.60 18.02 19.44 0.40 0.56 0.40
—40096 123 0948 — 1342 FEB 25 38 6.98 17.64 11.?~ 13.10 14.88 0.90 1.58 0.91
— 40090 1231124 —1342 AUG 20 34 5.20 18.90 17.58 10 .50 21.42 0.91 1.74 0.92

—40084 1231303 —1341 FEB 15 33 7.12 17.50 2.08 7.P8 3.8.7 0.13 0.18 0.13
—40078 12314 7~ —1341 A UG 10 29 5.Oo 10.00 2.61 4 .~~ A 5 .18 0•?7 0.44 0.32
—40061 1231981 —1340 DEC 24 61 7.32 16.78 14.28 ~~~~~ 17.47 0.53 0.76 0.3’
—40055 1232159 —1339 JUN 20 49 4 .6 4  19.0~ 7 .11 .R1 5 .51 0.78 1.23 0.79
—40049 1232335 —1339 DFC 13 45 7.12 1b .el  17 .0w 1~~.°4 20 .60  0.8° 1.59 0 .89

—40043 1232513 —1338 JUN 9 43 4.76 18.92 17.72 15 .43 17.15 0.70 1.07 0.71
—60037 1232690 —1338 DEC 3 40 8.91 1b.°1 4.14 ‘.23 6.32 0.78 0.38 0.76
—40020 1733192 —1336 APR 18 2 5.67 18.32 5 • 59 6.68 7.76 0.7’ 0.32 (1 .23
—40014 123336° —1336 OCT 12 59 6.06 17.70 2’.~~l 22.9° 24.47 0.52 0.75 0.52
—40008 1233546 —1335 APR 7 56 6.00 16.18 12.35 14.20 16.04 0.93 1.81 0.03

—40002 1233724 —1335 OCT 2 54 5.87 18.01 4.22 6.13 8.0’ 0.90 1.65 0.90
—39998 1233901 —1334 MAR 28 51 6.32 18.03 2.98 4.77 5.57 0.42 0 .50 0.42
—39990 1234078 —1334 SEP 21 48 5.68 18.32 5.1-2 8- .?’ 7.90 0.24 0.33 (1.24
—39973 1234581 —1332 FF8 6 11 7.28 17.35 —O .°3 0.70 2.36 0.64 0.95 0.64
—39987 1234757 —1332 JUL 31 7 4~~Q4 1~~.11 1.48 2.97 4 •45  0.56 0.61 0.58

—399 6 1 1234935 — 1 3 3 1  JAN 25 5 7 .42  17.14 ~.58- 5. 4 5 7. 34 0 .84  1.39 0.84
—39955 1235111 —1331  JUL 20 1 4 .77  19.20 17 .10 18 .6 5  20.60 0 .91 1. 6 1 0. 92
—39949 123528° —1330 JA N 14 59 7 .48  16.94 4 .40 ‘ .0 3 5 .66 0.07 0.10 0.07
—39943 1235468 —1330 JUL 10 56 4.63 19.24 10.61 11.51 12.41 0.18 0.25 0.1°
—3 9932 1235791 —1329 MA Y  31 21 4.91 18.80 12.86 13 .03 1 . 4 0 0.0~ 0.06 0.03

—39926 1235968 — 1329 NOV 24 18 6.76 16.99 2.’7 3.65 5.33 0.57 0.83 0.57
—30920 123 6145 —1328 MAY 19 15 5.03 18.68 13.97 15.84 17.75 0.84 1.40 0.84
—39914 1236322 —1328 NOV 12 12 6.58 17.0° 17.60 10.36 21.11 0.02 1.69 0.93
—39908 1236499 —1327 MAY 8 9 5.20 18.56 1~~.10 16.75 18.40 0.3° 0.86 0.59

• —3990? 1736677 —1327 NOV 2 7 6.40 17.2’. p • 57 9.65 10.79 0.30 0.41 0.~ 0

—3 9885 1237179 —132 ’ M AR 19 29 6.55 17.93 2.88 4.33 5.77 0.54 0.79 0.55
—39879 12373 56 —13 25 SFP 12 26 5.54 18.53 0 . 1 0  1.45 2.80 0.36 0.50 0 .3 6

—3 9873 1237533 — 1324 M A R  7 23 6.75 17.80 19.33 21 .10 22.87 0.92 1.67 0.92
—39881 1237710 —1324 AUG 31 20 5.37 lo.71 1.18 .0O 5.00 0.92 1.82 0.92
—398 61 1237888 —1323 FEB 25 18 6.92 17.86 O•7p 10.71 11.8.4 0.18 0.25 0.18

—3 9855 1238064 —1323 AUG 20 14 5.22 18.85 10.8.0 11.87 13.13 0.37 0.52 0.37
—39838 12385 66 —132 1 JAN 4 36 7.42 16.86 22.23 ~3.81 2’.38 0.57 0.74 0.51

* —3 9832 123 874k —13 21 JUL 1 34 4.63 19.18 0 • 57  11.22 12.87 0.72 1.10 0.72
-: —39 828. ~238921 —132 1 DEC 25 31 7.28 16.82 1. 45 3. 11 5 .18 0. 90 1.60 0.89

—39820 1239098 —1320 JUN 19 28 4.69 10 .04 ?fl.57 77.34 24.12 0.78 1.21 0.77
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THE JOHNS HOP$UNS UNIVERSITY
APPLIED PHYSICS LABORATORY

LAUR EL MARY LAN D

A C ANO N OF U M B k A L  L U N A R  F C L T P S E S

FR OM —15 00 TO —1000

I J(~ V M 0 C MS MR PT CT FT M2 GM M3

—3 9814 1239275 —1320 DEC 13 25 7.09 16.85 12.03 14.03 15 .13 0.28 0.39 0.28
—39797 1239777 —13 18 APR 2Q 47 5.39 16. 46 17.~~7 13 .3~ 14.17 0.17 0.17 0.17
—397 91 1239955 —131 8 OCT 2’ ‘,5 6.24 17.45 6.10 7.56 0.02 0.51 0.73 0.51
—39765 124 (1131 —1317 APR 18 41 5 .71  18 .31 10 .57 2 1 .4 0  73 .24  0. 92 1.68 0.92
—3 9779 1240309 —1317 OCT 13 39 6.04 17.75 12.78 14.70 16 .13 0.90 1.67 0.90

—39773 1240486 —1316 APR 7 36 6.04 18.16 10.52 11. 91 13.30 0.50 0.71 0.50
—3 9767 1240663 — 1316 OCT 1 33 5.85 18.06 13.78 14.47 1~~.66 0.27 0.37 0.27• —39750 1241166 —131 4 FEB 16 56 7.12 17.52 6 .05 8.56 10.16 0.60 0.88 (‘.60
—39744 1241342 —1314 AUG 11 52 5.09 18.99 9.37 10.79 12.21 0.50 0.72 0.50
—39738 1241520 —1313 668 5 50 7.32 17.32 11.14 13.05 14.96 0.86 1.45 0.85

—39732 1241697 —1313 AUG 1 ~7 4.91 19.15 0.97 7.73 4.49 0.93 1.70 0.93
—39726 1241874 —131 ? JAN 25 ~~ 7.46 17.10 11.00 17.8-7 13.45 0.11 0.15 0.11
—39720 1242051 —1312 JUL 20 41 4.74 19.2’ 18.11 19 .17 70.22 0.26 0.36 0.28
—39703 1242553 —1311 DEC 4 3 6.96 16.88 11.76 12.74 14.21 0.57 0.83 0.57

• —39697 1242730 — 1310 MAY 30 60 4.87 18.82 20.33 22.20 74.07 0. 78 1.24 0.78

—39691 1242908 —13 10 NOV 24 58 6.79 16.93 2.56 4 . 3 1  6.07 0.92 1.69 0. 93
• —39685 1243084 —1309 MAY 19 54 4. 99 18.69 21.50 23 . 2 5  2’ .99 0.68 1.02 0.6~

—39679 1243262 —1309 NOV 13 52 6.60 17.03 17 .27 18.40 19.54 0.29 0.40 0.29
—39662 12437p4 —1307 MAR 29 14 6.28 18.06 10.71 12.09 13.45 0.48 0.68 0.48

• —39656 1243q 1~l —1307 SEP 22 11 5.71 18.28 7.77 0.06 10.35 0.32 0.44 0.32

—39650 1244119 —1306 MAR 19 9 6.49 17.94 3 .18 4 . 9 4  6.72 0.94 1.77 0.93
—39644 1244295 —1306 SEP 11 5 5.55 18.49 8.94 10 .85 12.75 0.9 2 1.80 0.92
—39638 1244473 —1305 MAR 8 3 6.69 17.81 17.30 19 .38 .  1° .4 3  0.24 0.33 0.24
—3 9632 1244649 —1305 AUG 31 59 5.39 18.66 18.57 19.90 21.23 0 .42 0.59 0.42
—3 9615 1245152 —1303 JAN 15 22 7.47 16.99 6.10 7.65 9.20 0.50 0.71 0. 49

—39609 1245329 —1303 JUL 11 1~ 4.68 19.23 17.09 18.68 20.28 0.65 0.Q7 0.65
—3 9603 1245508- —1302 JAN 4 1A 7 .38 16.89 0 .79 11 .8 - S  13.51 0.90 1.62 0.90
—39597 1245684 — 1302 JUL 1 14 4.67 19.13 3.44 5 .27  7.10 0.83 1.34 0.83

• —39591 1245860 —1302 DEC 24 10 7.24 16.86 21.68 22 .79 23 . 9 0 0.29 0.40 0.29
—3 95 74 1246362 —1300 MAY 9 32 5 .15  18.60 19.66 20.02 20.38 0.03 0.03 0.07

—39568 1246540 —1300 NOV 3 30 6.43 17.22 14.70 16.16 17.62 0.51 0.73 0.51
—39562 12467 1.7 —129~ APR 29 27 5. ’.4 18.44 2.80 4 .6 1  6 .42 0.89 1.55 0.90

Ii —39556 1246804 —1299 OCT 23 24 6.22 17.49 20.42 22 .35  24.27 0.90 1.68 0. 90
—39550 1 247071 —1298 APR 18 21 5.75 18.29 18.00 19.48 20.95 0.57 0.84 0.58
—39544 1247248 —1298 OCT 12 18 6.02 17.79 21.07 22.30 23.53 0.29 0.40 0.29

I.

—39527 1247751 —1296 FEB 27 41 6.92 17.68 14.8-6 16.21 17.76 0.55 0.80 0.55
—39521 1247027 —1296 AUG 21 37 5.25 18.83 17.44 18.80 20.16 0.46 0.65 0.46
—39515 1248105 —1295 FEB 15 35 7.17 17.49 18.52 20.45 22.38 0.88 1.52 0.87
—39509 3248282 —129 5 AUG ii 32 5.06 19 .07 8. 07 10. 74 12.50 0.94 1.79 0.94

‘4 —39503 1248459 —1294 FEB 4 29 7.37 17.28 19.78. 20.18 21.10 0.15 0.21 0.15

— 4 4 —
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THE JOHNS HOPNINS UNIVERSITY

APPLIED PHYSICS LABORATORY
LAUREL MARYLAND

A CANON OF UMBRAL LUNAR ECLIPSES

FROM —1500 10 —1 000

L J~Y4 V M 0 C MS MR RT GT FT M2 GM M3

—3 9497 1248637 —1294 AUG 1 27 4.88 19.19 1.73 2.90 4.07 0.32 0.45 0.3?
—39480 12401 38 —1293 DEC 15 48 7.13 16.84 20.13 21.61 23.09 0.57 0.83 0.57
—3 9474 124Q316 —1292 JUN 10 46 4.75 18.95 2.78 4.58 6.38 0.70 1.07 0.70

I —394 68 1249493 —1292 DEC 4 43 6.99 16.83 ll. Cfl 13 .76 15.01 0.02 1.69 0.93
—39462 12496 70 —12°1 MAY 30 40 4.83 18.84 3•09 ~.7° 7.61 0.76 1.18 0.76

—3 9456 1249848 —1201 NOV 24 38 6.81 18.87 •.04 3.17 4 .30 0.29 0.40 0.29

I —39439 1250349 —1289 APR 9 59 6.00 18.19 18.51 19.77 21.04 0.40 0.57 0.41
—3 9433 1250526 — 1289 OCT 3 56 5.88 18.02 15.57 16.81 18.04 0.29 0.40 0.2~
—3Q47? 1250704 —1288 MAP 29 54 6.22 18.08 10.87 12 .8-6 14.45 0.94 1.88 0.94
—3 9421 1250880 —1 288 SFP 71 50 5.72 18.24 16.88 19.18 7(1.6k 0.91 1.75 0.01

I —39415 1251059 —1287 M A R  19 49 6.44 17.95 0.68 1.88 ~.07 0.31 0.43 0.31
—3 9409 1751235 — 1287 SFP 11 45 5.56 18.43 2.71 4.09 5~ 4#, 0.46 0.65 0.46
—3 9392 1251737 —12 85 JAN 28 7 7.44 17.15 17.83 1~~.3’ 16.85 0.47 0.67 0.47• I —393 86 1251015 —12 85 JUL 23 ‘ 4.78 1°.23 0.70 .73 .76 0.59 0.86 0.59
—393 80 1752091 — 1784 JAN 15 1 7.42 17.01 18.01 19.87 21.73 0.Q1 1.65 0.90

—39374 1252269 —1284 JUL 11 50 4.72 19.18 10.40 12.27 14.14 0.87 1.47 0.87
—3 9368 1252446 —1283 JAN 4 56 7.33 16.93 6.77 7 •45 8.~~b 0.30 0.42 0.301 —39362 1252623 —1283 J u N  30 53 4.71 19.09 15.05 IC .32 15.59 0.01 0.02 0.01
—39345 1253126 —128? NOv 15 16 6.64 17.02 —0 .8- 5 0 .82 2.28 0.61 0.72 0 .51
—3 9339 1253302 —128 1 MAY 10 12 5.19 18.68 0.09 11.77 13.65 0.85 1.41 0.86

• 1 —39333 1253480 —1281 NOV 4 10 6.41 17.26 4.63 6.56 8.49 0.90 1.68 0.90
—3 9327 1253657 — 1280 A PR 29 7 5.48 18.42 1.~~4 2.99 4.54 0.65 0.97 0.65
—3 9321 1253834 —1280 OCT 23 ~4 6.20 17.54 ~.00 6 .26 7.51 0.30 0.41 0.30

-• - —39304 1254336 —1278 MAR 9 26 6.67 17.84 72.24 23.72 2~~.20 0.50 0.71 O~ 49
—39298 1254513 —1278 SEP 2 23 5.42 18.63 1.64 2.95 4.25 0.42 0.59 0.42

—3 9292 1254691 —1277 FFB 27 21 6.96 17.66 1.74 3.69 5.64 0.89 1.61 0.89
—39286 1254867 —1277 AUG 22 17 5.24 18.87 17.10 18.87 20.64 0.94 1.87 0.94
—39280 1255045 —12 78’ FEB 16 15 7.21 17.46 2.48 1.54 4.60 0.21 0.29 0.21
—3 9274 1255222 —127 6 AUG 11 12 5.04 19.07 9.49 10.75 12.01 0.38 0.53 0.38
—3 92’? 1255724 —1275 DEC 26 34 7.28 18.86 4.°4 6.41 7.88 0.57 0.82 0.57

—3 9251 1255901 —1274 JUN 21 31 4.70 10.06 0.29 11.00 12.71 0.62 0.91 0.62
- —3Q2 45 1256078 —12 74 OFC 15 28 7.17 16.79 20.40 27.18 23.02 0.92 1.70 0.93

- 
- —3 9239 1256255 —1273 JUN 10 25 4.71 18.97 10.52 17 .38 14.25 0.83 1.34 0.8?

—3 9233 1 254433 —1273 DEC 5 23 7.02 16.77 10.77 11.89 13.02 0.28 0.39 0.28
II —3 9216 1256935 —1271 APR 20 45 5.73 18.32 2.24 3.37 4.51 0.32 0.44 0.32

—3 9210 1257112 —1271 OCT 14 42 6.06 17.76 — 0.51 0.69 1.88 0.27 0.38 0.27
—3 9204 17572 89 —1270 APR 9 39 5.94 18.20 18.47 20.26 22.05 0.94 1.77 0.94

I ~ —39198 1257466 —1270 OCT 3 36 5.89 17.98 (1•QP 2.88 4.77 0.Q1 1.72 0.Q1
—39192 1257644 —1269 MAR 30 34 6.16 18.09 7.99 9.71 10.53 0.39 0.54 0.39
—39186 1257820 —1269 SEP 22 30 5.72 i8.18 11.03 12.44 13.85 0.40 0.69 0.49
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A CANON OF UMBRAL LUNAR E C L I P S E S

FROM —1500 TO —1000

- 

- 

I JON V M 0 C MS MR PT GT FT M2 GM M3

—3 9169 1258322 — 1267 FEB 5 52 7.34 17.32 21.47 72.0? 24.37 0.4’. 0.61 0.43
—3 9163 1258500 —1267 AUG 2 50 4.92 19.17 8.40 0.87 11.33 O.~~2 0.75 fl~ 57

• —39157 12586 77 —12 68- JAN 26 47 7.39 17.17 ?.15 4.01 ~ .86 0.97 1.60 0.01
—3 9151 1258854 —12 66 JUL 22 44 4.81 19.18 17.44 10.33 21.27 0.00 1.59 0.89
—39145 1259031 — 1265 JAN 15 41 7.37 17.05 14.88 16.04 17.20 0.32 0.45 0.32

—3 9139 1259208 —12 65 JUL 11 38 4.75 19.14 21.14 21.93 22.72 0.11 0.15 0.11
—3 9122 1259711 —1264 NOV 25 1 6.84 16.87 7.99 9.45 10.Q2 0.50 0.72 0.50
—3 9116 1259887 —1263 MAY 20 57 4.97 18.72 17.23 19.97 20.70 0.80 1.28 0.80
—3 9110 1260065 —12 63 NOV 14 55 6.61 ~~~~~ 12.96 14.7~ 16.72 0.00 1.69 0.90
—39 104 1260242 —1262 MAY 10 ‘7 5.23 18.56 8.86 10.47 12.08 0.73 1.10 0.73

—39098 1280419 —12 8-2 NOV 3 49 6.39 17.31 13 .02 14 .79 15.~~5 0.31 0.42 0.31
—3 9081 1260922 —1260 MAR 20 12 6.41 17.98 5.65 7.04 2.47 0.42 0.59 0.42
—39075 126 1098 —1260 SEP 12 8 5.5c 18.39 10.00 11.28’ 12.52 0.39 0.54 Q .3Q
—39069 1261276 —1259 MAR  9 6 6.72 17.82 8.78 10.74 12.70 0.91 1.72 0.01
—39063 1261453 —125 9 SFP 2 3 5.41 18.67 1.78 .15 4.~~1 0.94 1.84 0.94

—39057 1261630 —1258 FEB 26 60 7.01 17.6’ 9.56 10.75 11.95 0.28 0.38 0.28
—39051 1261807 —1258 AUG 22 57 5.22 18.91 17.10 18.71 20.03 0.43 0.60 0.43
—3 9034 1262309 —1256 JAN 6 19 7.36 16.94 13.68 15.14 16.60 0.56 0.81 0.56
—3 9028 1262486 —1256 JUL 1 18- 4.70 19.13 15.8° 17.~~O 19.10 0.53 0.76 0.53
—39022 1262664 —1256 DEC 26 14 7.31 16.81 ~.25 7.01 8.78 0.93 1.71 0.92

H —39016 1262840 —1255 JUN 20 10 ‘~.o5 19.08 17.15 19.05 20.95 0.88 1.49 0.87
—39010 12630 18 —1255 DEC 15 8 7.20 18.74 10.46 20.58 21.7! 0.28 0.39 0.28
—39004 1 263195 —1254 JUN 10 5 4.66 18.99 2.28 2.99 3.70 0.11 0.14 0.11
—38993 1263520 —1253 MAY 1 30 5.47 18.45 0~ Q4 10.02 11.89 0.23 0.32 0.23
—38987 1263607 — 1253 OCT 25 27 6.23 17.51 7.51 8.88 9•85 0.26 0.36 0.26

—38981 1263875 —1252 APR 20 25 5.87 12.33 1.90 3.77 5,65 0.92 1.65 0.92
—38975 1264051 —1252 OCT 13 21 6.06 17.72 9.21 11.OQ 17.98 0.91 1.69 0.91
—38969 1264229 —1251 APR 9 19 5.88 18.22 15.00 16.43 17.86 0.47 0.66 0.47
—38963 1264405 —1251 OCT 2 15 5.89 17.92 IQ .5O 20.Q3 72.36 0.51 0.73 0.51

• 1 —38946 1264908 —1249 FEB 17 38 7.18 17.50 4.98 6.35 7.73 0.39 0.54 0.39

—38940 1265085 —1249 AUG 13 35 5.08 19.05 16.24 17.63 10.02 0.46 0.65 0.46
—38934 1265262 —1248 FEB 6 32 7.29 17.34 10.14 11.90 13.8 5 0.93 1.75 0.92
—38928 1265440 —1248 AUG 2 30 4.94 19.12 0,61 2.52 4.43 0.91 1.69 0.91
—38922 1265617 —1247 JAN 26 27 7.33 17.20 —0.69 0.52 1.72 0.35 0.49 0.35
—38916 1265794 —1247 JUL 22 24 4.84 19.13 3.58 4.63 5.89 0.21 0.28 0.21

—38899 1266296 —1246 DEC 6 46 7.05 16.78 16.62 18.08 1~~.55 0.50 0.72 0.50
—38893 1266473 —1245 JUN 1 43 4.80 18.87 0.48 2.16 3.84 0.74 1.14 0.74
—38887 1266650 —1245 NOV 25 40 6.81 16.92 23 .11 23.04 24.98 0.90 1.69 0.00
—38881 1 266827 —1244 MAY 20 37 5.01 18.7fl 16.28 17.°4 19.60 0.79 1.24 0.7°
—38875 126 1004 —1244 NOV 13 34 6.58 17.11 21.09 22.37 23.64 0.31 0.43 0.31

~ 
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A CANON OF UMBRAL LUNAR ECLI PSES

I FROM —1500 TO —1000

I L JUN V N 0 C MS MR PT GT f T M2 GM M3

—3 8858 1267507 —1242 MAR  31 57 6.12 18.12 17.9’ 14 .71 1~~.48 0.34 0.47 0.34
—38852 1767683 —1242 SE P 23 53 5.76 18.14 18 .4° 19 .71 20.93 0.37 0.51 0.37

—38840 1268038 —1241 SEP 13 48 5.58 18.43 0~~70 1~.6’ 13.3’ 0.04 1.7° 0.04I —38846 1 267861 —1241 MAP 20 51 6.45 17.06 15.6° 17.8-5 1°.6? 0.01 1.82 0.91

—38836 1268215 —1240 MAR 8 45 6.77 17.80 16.50 17~~9l 19 .16 0.35 0 . 40  0.3~

—38828 1268393 —12’.0 SFP ~ 43 5.39 18.70 1.43 2.81 ‘.18 ).47 0.e6 0.~~6I —38811 1268894 —1236 JAN 18 4 7.38 17.07 22.7? 23.77 7’.?1 0.54 0.79 0.”.
—3 8805 1269072 —1238 JUL 13 2 4.76 19 .16 —1. 39 0.09 1.57 0.44 0.62 0.44
—38799 1260249 —1237 JA M 8’ 59 7.40 16.90 13.08 1~~.75 17 .52 0.93 1.72 (1.97
— 3 8793 1269426 —1237 JUL 2 56 4.65 19.16 —0.10 1.81 3.73 0.9! 1.64 0.00

—3 8787 1269804 —1 23? DEC 27 54 7.35 16.77 4.04 ‘.1 8 8 .31 0.28 0.39 0.21,
— 3 $ 7E 1 1269780 —1236 JUN 20 50 4 .60  10.11 Q.?0 10.10 11.1w 0.21 0.20 0.21

- • 
—38770 1270105 —1 235 MAY 11 15 5.24 18.58 17.8-5 18.41 19.17 0.13 0.18 0.13
—3 8764 12702 82 —1235 NOV 4 12 6.42 17.20 15.62 16.77 17.~~3 0.25 0.35 0.26

,1 —38758 1270460 —1234 MA Y  1 10 5.41 ~1,.46’ Q.41 11 .1 ! 1?.94 0.88 1.51 0.89

—3 875? 1270636 —1234 OCT 24 6 6.24 17.47 17.58 19 .45 21.3 3 0.91 1.68 0.91
—3 8748- 1270814 —1233 APR 20 4 5.6-1 18.34 21.97 7’.51 7’~.04 0.55 0.79 0.55
—38740 1270991 —1233 OCT 14 1 6.07 17.66 4.11 5. ’5 6.99 0.52 0. 75 0.52
—38723 1271493 —1231 FEB 27 23 6.98 17.67 17.38 13.6~ 14.98 0.33 0.46 0.33
—38717 1271671 —1231 AUG 24 21 5.25 18.99 0.17 1. 48 2.80 0.41 0.57 0.41

- 
- - •  —38711 17718 47 —123 0 FF8 16 17 7.13 17.52 18.04 19.90 21.75 0.93 1.82 0.93

—387 05 1272025 —1230 AUG 13 15 5.10 19.00 7.88 0.80 11.72 0.02 1.79 O.°7
— 38699 1272202 —122° ~EB 8’ 12 7.23 17.37 7.8-2 8.57 10.12 0.39 0.55 0.39
—38693 12723 79 — 1229 AUG 2 9 4.98 19.07 10.76 11.47 12.70 0.29 0.40 0.29
—3 8676 1272882 —1228 DEC 17 32 7.23 16.76 1.18’ 2.6? 4.08 0.50 0.71 0.50

- 
- 

—38 670 1273058 —1227 JUN 11 78 4.69 19.01 7.82 9.43 11.04 0.67 1.00 0.67
- —38 664 12732 36 —1227 DEC 8’ 26 7.01 I~~.83 ~.31 7.25 9.19 0.90 1.69 0.90

—38 658 1273413 —1276 JUN 1 23 4.84 18.84 —0 .30 1.40 3.11 0.85 1.38 0.85
—38652 12735 90 —1226 NOV 25 20 6.78 16.06 5.70 6.48 7•75 0.31 0.44 0.31
—38646 1273767 —1225 MAY 21 17 5.05 18.68 18.79 18.54 1 . 70 0.01 0.01 0.01

—38635 1274092 —122 4 APR 10 42 5.84 18.25 20.13 7 1.23 22.33 0.25 0.34 0.25
—38629 1274269 —1224 OCT 4 39 5.93 17.88 3.11 4.31 5.50 0.35 0.49 0.35
—38623 1274447 —1 223 MAR 31 37 6.17 18.10 —1.56 0.41 2.38 0.90 1.69 0.90

- • —38 617 1274623 —1223 SEP 23 33 5.75 18.17 18.37 20.09 21.85 0.03 1.75 0.93
—38 611 1274801 —1722 MAR 20 31 6.50 17.94 —0 .67 0.78 2.23 0.43 0.60 0.43

~1
—38605 1274978 —1222 SEP 13 28 5.57 18.47 9.61 11.02 12.4 3 0.49 0.70 0.49
—38588 1275480 —1220 JAN 28 50 7.34 17.23 6.88 8.30 9.72 0.52 0.75 0.52
—38582 12756 57 —1220 JUL 23 67 4.86 19.14 5.46 6.80 8.15 0.35 0.49 0.35
—38576 1275835 —12 19 JAN 17 45 7.43 17.04 — 1.38 0.40 2.17 0.93 1.75 0.93
—38570 1276011 —12 19 JUL 12 41 4.71 1Q .20 6.78 8.71 10.63 0.0? 1.77 0.92

ti-
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A CANON OF UM B RA L LUNA R E C L I P S E S

FROM —1500 TO —1000ii
L JON V M D C MS MR PT GT El N? GM M 3

—38564 1276189 —1218 JAN 8 39 7.44 16.86 12.53 13.68 14.E3 0.29 0.40 0.29
• —3 8558 1276365 —1218 JUL 1 35 4.61 19.20 16.20 17.46 18.6? 0.31 0.42 0.31 

- -
.

—38547 1276691 —1217 MA Y  23 1 5.04 18.71 1.51 3 .°1 2.71 0.04 0.05 0.04
—385 41 1276868 —1217 NOV 16 56 6.62 17.10 —0.75 0.90 ‘.04 0.25 0.34 0.2’
—38535 1277045 —1216 MAY 11 55 5.18 18,40 18.80 1R .~~4 20.28 0.54 1.77 0.85

—38529 1277222 —1216 NOV 4 52 6.43 17.24 2.03 3.90 5.77 0.91 1.68 0.91 -
•

—3 8523 1 277400 — 1215 MAY 1 50 5.35 16.48 4.87 6.50 8.13 0.63 0.93 0.63
• - - —385 17 1277576 —1215 OCT 24 46 6.25 17.41 17.8? 14 .27 15.7? 0.53 0.76 0.53

—38500 1778078 —12 13 M AR 10 8 6.74 17.83 19.68’ 20.8? 21.96 0.27 0.37 0.27
—38494 1278256 —1213 SEP 4 8 5 .43  18.68 8.23 9•40 10.7’. 0.36 0.50 0.36

—38 488 1278433 — 1212 FEB 28 3 6.93 17.68 1.81 3.65 5.Su 0.93 1.81 0.93
—38482 1278610 —1212 AUG 23 60 5.27 18.83 15 .28 17.21 19.13 O.Q2 1.79 0.92
—38476 1278787 — 1211 FF8 16 57 7.08 17.54 15.78 17.0° 18.40 0.44 0.61 0.43
—38470 1278064 —1211 AUG 12 54 5.12 18.96 17.09 L’.4~ 19 .81 0.36 0.50 0.36
—38453 12794 67 —1210 DFC 28 17 7.37 16.80 0.65 11.10 12.56 0.49 0.69 0.49

—38447 1 279643 —1209 JUN 22 1~ 4.63 19.12 15.22 16.76 18.29 0.60 0.87 0.60
—38441 1279821 —1209 DEC 17 11 7.19 16.80 11.47 15.41 17.36 0.90 1.70 0.90
—38435 1279998 —1208 JUN 11 8 4.73 18.97 7.17 8.91 10.65 0.89 1.51 0.89
—38429 12801 75 —1208 DEC 5 5 6.97 16.87 11 .30 14.50 15.87 0.32 0.44 0.32
—38423 1280353 —1207 JUN 1 3 4.88 18.82 1.26 1.°3 2.60 0.10 0.14 0.10

—38412 1280678 —1206 APR 22 28 5.55 18.38 3.29 4.15 5.00 0.14 0.20 0.15
—38406 1280854 —1206 OCT 15 24 6.11 17.6! 11.83 13.01 14.19 0.34 0.47 0.34
—38400 1281032 —1205 APR 11 22 5,88 18.23 ‘.09 7.03 8.98 0.88 1.55 0.89
—38394 1281209 —1205 OCT 5 19 5.92 17.91 7.98 4.74 6.50 0.93 1.72 0.93
—38388 1281386 —1204 MAR 30 16 6.22 18.08 6.07 7.8-3 9.18 0.51 0.73 0.51

—38382 1281563 —1204 SEP 23 13 5.74 15.21 17.°1 19.35 20.79 0.51 0.73 0.51
—383 65 1282065 —1202 FEB 7 35 7.22 17.40 15.70 16.68 18.06 0.49 0.71 0.50 -•

—38359 1282242 —1202 AUG 3 32 5.00 19.06 12.46 13.66 14.85 0.27 0.37 0.27
—38353 1282420 —1201 JAN 28 30 7.38 17.20 7.12 8.90 10.67 0.94 1.79 0.93
—38347 1282596 —12 01 JUL 23 26 4.82 19.18 13.84 15.75 17.67 0.92 1.79 0.92

—38341 1282774 —1200 JAN 17 24 7.47 17.00 20.85 22.03 23.22 0.3 1 0.43 0.31
—38335 1282951 —1200 JUL 12 21 4.67 19.24 —0.43 0.88 2.16 0.39 0.55 0.39
—38318 1283453 —1199 NOV 26 43 6.82 16.95 7.93 9.08 10.22 0.25 0.34 0.75

*1 —38312 1283631 —1198 MAY 23 41 4.98 18.73 0.14 1.84 3.54 0.78 1.23 0.78 -
•

—38306 12838 07 —1198 NOV 15 37 6.63 17.05 10.56 17.42 14.29 0.91 1.68 0.91

—38300 1283985 —11 97 MAY 12 35 5.12 18.61 11.67 13.39 15.10 0.70 1.07 0.71
—38294 1284161 —1197 NOV 4 31 6.44 17.18 21.63 23.08 24.53 0.53 0.77 0.53
—38277 1284664 — 1195 MAR 21 54 6.48 17.97 2.00 3.~~Q 4.89 0.19 0.28- 0.19
—38271 12848 41 —1195 SEP 14 51 - 5.60 18.44 16.40 17 .59 18.78 0.32 0.44 0.32
—382 65 1285018 —1194 MAR 10 48 6.69 17.84 9.47 11.31 13.15 0.92 1.73 0.93

— 48 —
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A CANO N OF UMBRAL LUNAR ECLIPSES

FROM —1500 TO —1000

L JON V N D C MS MR RT GT FT N? GM M3

—38259 1285196 —1194 SEP 4 46 5.46 16.63 —1.1 9 0.73 2.66 0.01 1.72 0.91
—38253 1285373 —1193 FEB 28 43 6.87 17.70 —0.18 1.19 2.57 0.49 0.8-9 0.48
—38247 1285550 —1193 AUG . 24 40 5.28 18.79 0.14 1.59 3.04 0.42 0.59 0.42
—38230 1286052 —1191 JAN 7 2 7.45 16.90 18.01 19.’S 20.80 0.47 0.67 0.47
—3822 4 1286229 —1191 JUL 3 59 4.63 19.21 — 1 .28 0.18 1.63 0.52 0.75 0.5?

—3 8218 1286406 —1191 DEC 27 56 7.32 16.83 21.53 23.48 25.42 0.90 1.71 0.90
—38212 128 65e3 —li QO JUN 22 53 4.67 19.09 14.6° 16.45 18.20 0.92 1.64 0.92
—38206 12867o0 —1190 DFC 16 50 7.15 16.83 21.34 77.64 73.94 0.33 0.46 0.33
—38200 1286938 —1189 JUN 12 48 4.77 18.94 8.40 °.32 10.2’. 0.19 0.27 0.20
—381 29 1287263 —1188 M A Y  2 13 5.20 18.52 10.53 10.96 11.38 0.0’. 0.05 0.04

—3 8183 1287439 —1188 OCT 25 9 6.29 17.37 20.64 21.81 22.96 0.34 0.47 0.34
—38177 1287617 — 1187 AP~ 21 7 5.60 18.36 11.65 13.56 15.48 0.84 1.40 0.84
—38171 1287794 — 1197 OCT 15 4 6.10 17.65 11.7’ 13.50 15.26 0.92 1.71 0.93
— 381 6-5 1787971 —11 66 APR 10 1 5.93 16.21 12.71 14.36 16 .02 0.60 0.87 0.60
—38 159 1288149 — 1186 OCT 5 59 5.91 17.95 7.34 3.50 ‘.25 0.53 0.75 0.53

—381 42 12e 86s1 —1184 FEB 19 21 7.05 17.57 —0.39 0.94 2.27 0.46 0.65 0.46
—38136 1288827 —1184 AUG 13 17 5.15 18.93 19.64 20.67 21.70 0.70 0.27 0.20
—3 6130 1289005 — 1183 FEB 7 15 7.26 17.38 15 .50 17.28 19.07 0.94 1.84 0.94
—38126 1289181 —1183 AUG 2 11 4.96 10 .11 21.04 22.94 24.84 0.91 1.68 0.91
—38118 12893 60 —1182 JAN 28 10 7.42 17.17 5.04 6.27 7.49 0.33 0.46 0.33

—3811 2 122 ‘53 6 —1182 JUL 23 6 4.78 19.22 7.00 8.39 9.78 0.47 0.66 0.47
—38095 1290038 —1181 D~ C 7 28 7.01 16.87 16.09 17.23 18.36 0.25 0.34 0.25
—38089 12902 16 —1 180 JUN 2 26 4.83 18.87 7.50 9.14 10.79 0.71 1.08 0.71
—38083 1290392 — 1180 NOV 25 22 6.83 16.°0 10.0° 2A .Q S 72.81 0.91 1.68 0.91
—38077 12905 70 —1179 MAY 22 20 4.93 18.75 18.48- 20.24 22.02 0.78 1.21 0.77

—38071 1290747 —1179 NOV 15 17 6.65 16.99 6.47 7.93 9.38 0.54 0.77 0.54
- - —38054 1291249 —1177 APR 1 30 6.21 18.10 1(’.09 10.83 11.58 0.11 0.14 0.11

I —38048 1291427 —117 7 SEP 26 37 5.77 18.19 0.69 1.83 2.07 0.29 0.39 0.29
—38042 1291803 —1 1 76 MAR 70 33 6.43 17.98 1~~.fl1 18.83 20.66 0.°1 1.63 0.Q1
—38036 1291781 —1176 SEP 14 31 5.61 18.3Q 6.49 8.41 10.33 0.90 1.66 0.90

—38030 1291958 —1175 MAR 10 28 6.63 17.85 7.72 9.16 10.61 0.54 0.78 0.54
—38024 1292135 —1175 S~~P 3 25 5.45 18.59 7.35 8.87 10.39 0.47 0.67 0.47
—38007 1292638 —1173 JAN 19 48 7.46 17.04 7.76 3.67 5.08 0.45 0.63 0.45
—38001 1292814 —11 73 JUL 14 44 4.70 19.25 6.34 7.70 9.06 0.45 0.64 0.45
—37995 1292992 — 1172 JAN 8 42 7.40 16.93 ‘.49 7.44 9.39 0.91 1.74 0.90

—37989 1293169 — 1172 JUL 3 39 4.67 19.17 —1. 71 0.06 1.83 0.94 1.77 0.94
—37983 1293346 —1172 DEC 27 36 7.28 16.86 5.37 6.64 7.98- 0.34 0.47 0.34
—37977 1293523 —1171 JUN 22 33 ‘..71 19.05 15.64 16.74 17.84 0.28 0.39 0.78
—37960 1294025 —1170 NOV 6 55 6.49 17.14 5.51 6.68 7.84 0.34 0.47 0.34
—37954 1294202 —1169 MAY 2 52 5.34 18.50 18.15 20.07 21.89 0.79 1.25 0.78

I
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A CANO N OF UMBR AL LUNA R ECLI PSES

FROM —1500 TO —1000

L JON Y M D C MS MR BT GT FT M2 GM M3

—37048 1294379 —1169 OCT 26- 49 6.28 17.40 20.58 22.34 24.10 0.92 1.69 0.93
—37942 1294556 —1168 APR 20 46 5.65 1..34 1Q .71 21.05 72.79 0.68 1.02 0.68
—37936 1294734 —1168 OCT 15 44 6.08 17.69 10.87 12.34 13.81 0.53 0.76 0.53
—37Q19 1295236 —1166 MAR 1 6 6.84 17.74 7.70 9.06 10.34 0.41 0.58 0.41
—37913 1295413 —1166 AUG. 25 3 5.32 18.75 7.00 3.86 4.71 0.13 0.18 0.13

—37907 1295591 —1165 FF8 19 1 7.09 17.55 —0.30 1.49 3.27 0.Q4 1.86 0.94
—37901 1295767 —1165 AUG. 14 57 5.12 18.98 4.43 6.3? 8.20 0.90 1.58 0.89
—37895 1295045 —1164 FEB 8 55 7.31 17.35 13.04 16.37 15.60 0.36 0.51 0.36
—37889 1296121 —1164 AUG 2 51 4.93 19.15 14.58 16.05 17.52 O.~ 4 0.77 0.~~3—37672 1296624 —1163 DEC 18 14 7.17 16.85 0.74 1.37 2.50 0.24 0.33 0.25

—37866 12°6801 —1162 JUN 13 11 4.74 18.9° 14.83 16.41 17.99 0.63 0.94 0.63
—37860 1296978 —1162 DEC 7 8 7.03 16.82 3.8-4 5.50 7.35 0.91 1.68 0.91

• 
- —37854 1297156 —1161 JUN 3 6 4.78 18.89 1.20 3.04 4.87 0.83 1.36 0.83

—37848 1297332 —11 61 NOV 26 2 6.85 16.85 15.36 16.80 18.25 0.54 0.78 0.54
—37831 1297834 —1159 APR 11 24 5.93 18.23 17.4’ 17.72 17.99 0.01 0.02 0.01

—37825 1298012 —1159 OCT 6 22 5.94 17.92 0.06 10.1’ 11.25 0.26 0.36 0.26
—37819 1298189 —1158 APR 1 19 6.15 18.11 0.49 2.29 4.00 0.88 1.52 0.89
—37813 1298366 —1158 SEP 25 16 5.18 18.14 14.29 16.21 18.12 0.89 1.61 0.90
—37807 1298543 —1157 MAR 21 13 6.37 17.99 15.51 17.02 18.52 0.60 0.88 0.60
—37801 1298720 —1157 SEP 14 10 5.61 18.35 14.75 16.32 17.90 0.51 0.73 0.51

—37784 1299223 —1155 JAN 29 33 7.41 11.21 10.35 11.72 13.10 0.42 0.59 0.42
—37778 1299390 —1155 JUL 24 29 4.81 19.23 14.10 15.35 16.60 0.38 0.53 0.38
—37772 1299577 —1154 JAN 18 27 7.4 ! 17.06 13.29 15.24 17.20 0.91 1.78 0.91
—37766 12997’4 —1154 JUL 14 24 4.74 19.20 5.08 7.75 9.52 0.94 1.88 0.94
—37760 1299931 —1153 JAN 7 21 7.36 16.95 13.18 14.54 15.89 0.36 0.50 0.36

—37754 1300109 —1153 JUL 4 19 4.71 19.12 —1.03 0.20 1.44 0.36 0.51 0.36
—37737 1300610 —1152 NOV 16 40 6.69 16.96 14.43 15.60 16.78 0.34 0.47 0.34
—37731 1300788 —1151 MAY 13 38 5.10 18.64 0.58 2.39 4.19 0.11 1.09 0.71
—37725 1300965 —1151 NOV 6 35 6.47 17.18 5 .49 7•75 9.01 0.92 1.69 0.93
—37710 1301142 —1150 MAY 2 32 5.39 18.47 1.85 ‘.66 5.47 0.75 1.17 0.75

1 —37713 13013 19 —1150 OCT 26 29 6.27 17.44 1 .49 20.96 22.44 0.53 0.77 0.53
—37696 1301821 —1148 MAR 11 51 6.59 17.89 15.89 17.08 18.27 0.35 0.49 0.36
—37690 1301998 —1148 SEP 4 48 5.49 18.54 10.52 11.18 11.84 0.08 0.11 0.08
—37684 1302176 —1147 MAR 1 46 6.87 17.72 7.79 0.57 11.36 0.93 1.78 0.94
—37678 1302352 —1147 AUG 24 42 5.29 18.80 11.07 13.84 15.70 0.87 1.50 0.88

—37672 1302530 —1146 FEB 18 40 7.13 11.53 20.86 22.21 23.5~ 0.41 0.57 0.41( —37666 1302706 —1146 AUG 13 36 5.10 19.02 22.34 23.86 25.38 0.59 0.86 0.59
—37649 1303209 —1145 DEC 29 59 7.29 16.89 8.31 v.41 10.51 G.23 0.32 0.24
—37643 1303386 —1144 JUN 23 56 4.70 19.09 22.24 23.73 25.22 0.58 0.80 0.55
—37637 1303563 —1144 DEC 17 53 7.20 16.80 12.16 14.01 15.86 0.91 1.68 0.91
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A CANON OF UMBRAL LUNAR ECLIPSES

FROM -1500 10 -1000

JON Y N U C MS MR 8T GT FT M2 GM M3

—37631 1303741 —1143 JUN 13 51 4.69 1~~.02 7.°5 Q .P 3 11.71 0.88 1.51 0.87
—37 625 1303918 —1 143 D FC 7 48 7.05 16.76 0.’? 1 .6-7 3.11 0.54 0.78 0.5k
—3761° 1304095 —1142 JUN 2 45 4.73 18.91 12.54 17.94 13.34 0.03 0.04 0.03
—31602 1304597 —1141 OCT 17 7 6.12 17.67 17.53 18.5° 1Q .e~ 0.24 0.33 0.25

1 
—3759 6 1304774 —1140 APR 11 4 5.88 1 .24 7.88 9.68- 11.4~’ 0.85 1.40 0.85

—37590 1304952 —1140 CIT 6 2 5.95 17.88 —1.80 0.12 2.03 0.89 1.57 0.88

I 
—37584 1305129 —1139 APP 1 59 6.10 18.12 —0.70 0.77 2 .33 0.67 0.9~ 0.67
—3757 8 1305305 —1139 SEP 26 55 5.78 18.10 2?.32 73•03 25.55 0.’4 0.78 0.54
—375 61 1305808 —1137 FEB Q 18 7.29 17.39 18.30 19.6? 70.94 0.38 a •53 0.38
—37555 1305984 —1137 AUG 4 14 4.96 19.15 22.00 23.14 24.29 0.32 0.44 0.32

—37549 1306162 —1136 JAN 29 12 7.36 17.23 20.05 22.°1 24.87 0.91 1.81 0.91
—37543 1306339 —1136 JUL 24 0 4.84 19.18 13.78 15 .~~5 17.31 0.9k 1.79 0.54

- - —37537 1306516 — 1135 JAN 17 6 7.37 17.00 20.05 27.34 23.74 0.39 0.54 0.39
—37531 1306694 — 1135 JUL 14 4 4.77 19.15 6.38 7.72 9.06- 0.44 0.62 0.441 —375 14 1307196 —1134 NOV 28 26 6.90 16.82 —0.64 0.53 1.71 0.34 0.48 0.34

—37508 1307373 -1133 MAY 24 23 4.90 18.78 7.03 8.75 10.47 0.63 0.92 0.62

I —37502 1307550 —1133 NOV 17 20 6.67 17.00 14.41 16.18 17.94 0.9? 1.69 0.02
—37496 1307727 —113 ? MAY 12 17 5.15 18.61 8.4? 10.28 12.14 0.82 1.33 0.82
—37490 1307905 —1132 NOV 6 15 6.46 17.22 4.1? 5.61 7.09 0.53 0.77 0.53
—37473 1308407 —1130 MAR 23 37 6.31 18.03 —0.13 0.94 2.02 0.29 0.40 0.29

—37467 1308583 —1130 SEP 15 33 5.65 18.30 18.26 18.70 19.14 0.04 0.05 0.03
—37461 1308761 —1129 MAR 12 31 6.62 17.87 15.70 1~ .’8 10.26 0.92 1.69 0.93—37455 1308937 —1129 SEP 4 27 5.46 18.58 19.72 21.~~7 23.41 0.85 1.43 0.85- 

1 —37449 1309116 —1128 MAR 1 26 6.91 17.70 4•49 5.91 7.33 0.46 0.65 0.46
—37443 1309292 —1128 AUG 24 22 5.27 18.84 6.27 7.84 9.40 0.63 0.94 0.64

—37426 1309794 —1126 JAN 8 44 7.36 16.98 16.33 17 .40 18.47 0.22 0.30 0.22
—37420 1309972 —112 6 JUL 5 42 4.72 19.15 5.67 7.07 8.46 0.47 0.67 0.47
—37414 13101 48 —1126 DEC 28 38 7.33 16.84 20.63 77.48 24.32 0.91 1.67 0.91
—37408 13103 28’ — 1125 JUN 24 38’ 4.65 19.12 14.73 16.6-4 18.54 0.91 1.65 0.91
—37402 1310503 —1125 DEC 18 33 7.23 16.75 9.0’ 10.51 11.96 0.55 0.79 0.55

t

I —31396 1’10680 —1124 JUN 12 30 4.64 19.04 18.46 19.35 20.23 0.14 0.19 0.14
—37379 1311183 —1123 OCT 28 53 6.30 17.42 2.05 3.00 4.12 0.23 0.32 0.23
—37373 13113 59 —1122 APR 22 49 5.61 18.37 15 .23 16. °7 18.70 0.80 1.27 0.80
—3 738-7 1311537 —1122 OCT 17 47 6.12 17.62 6.21 8.12 10.04 0.88 1.54 0.88
—373 61 1311714 —1121 APR 12 44 5.82 18.25 6.82 8.44 10.05 0.73 1.12 0.73

—37355 1311891 —112 1 OCT 6 41 5.95 17.84 6.03 7.87 9.32 0.57 0.82 0.57
—37338 1312394 —1119 FFB 20 4 7.11 17.57 2.09 1~~33 4.57 0.32 0.45 0.33
—37332 1312570 —1119 AUG 1~ 60 ‘.12 19.02 6.02 7.06 8.11 0.26 0.35 0.76
—3 7326 1312748 —1118 FEB 9 58 7.24 17.41 4•43 6.39 8.35 0.91 1.74 0.91
—37320 1312924 —1118 AUG 4 54 4.99 19.10 21.60 23. 45 25.21 0.93 1.89 0.93

I
I

‘ I
- 5 1-

.1

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
_ _



THE JOHNS HOP%INS UNIVERSITY
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A CANON OF UMBRAL LUNA R ECLIPSES 4

FROM —1500 TO — 1000

I J~~ Y N U C MS MR PT GT FT M2 f.M M3

—373 14 1313102 —11 17 JAN 29 52 7.31 17.2w 4.53 ~.98 7.63 0.47 0.60 0.42
—37308 1313279 —1117 JUL 25 49 4.88 19.13 13.80 15.’2 16 .74 0.51 0.72 0.51
—37291 1313781 —111 8’ DEC 8 11 7.10 16.75 8.28- 0.45 10.63 0.34 0.48 0.35
—372 b5 1313958 —1115 JUN 3 8 4.15 18.93 13.49 15.10 16.70 0.53 0.76 0.53
—37279 13141 38’ — 1115 NOV 28 6 6.88 16.87 —0.64 1.12 2.89 0.97 1.69 0.9?

—37273 1314312 —1114 M AY 22 2 4.95 18.75 14.97 16.87 18.76 0.88 1.49 0.87
—37267 13!4’R 90 —1114 NOV 17 60 6.65 17.04 12.84 14 .31 15.79 0.53 0.76 0.53
—37261 13146 67 —11 13 MAY 1? 57 5.19 18.59 0.36 1.04 1.7’ 0.10 0.13 0.10
—37250 1314992 —1112 APR 2 22 6.03 18.16 7.78 8.72 9.66 0.21 0.29 0.22
—372 44 1315169 —1112 SEP 26 19 5.82 18.04 2.~~fl 2.’8’ 2.43 0.00 0.00 0.00

—37238 1315347 —111 1 MAR 23 17 6.35 18.02 —0.50 1.77 3.05 0.90 1.59 0.91
—37232 13155 23 —1111 SEP 15 13 5.63 18.34 3.41 5.44 7.27 0.84 1.38 0.84
—37226 1315701 —111 0 MA R  12 11 6.66 17.86 11.97 13.46 14.°5 0.51 0.73 0.51
—37220 13158 77 —1110 SEP 4 7 5.44 18.63 14.37 15.Q7 17.57 0.67 1.00 0.67
—37203 131 6380 —1108 JAN 20 30 7.36 17.17 0.2’ 1.28 2.28 0.20 0.27 0.20

—37197 131 6557 —1108 JUL 15 27 4.80 19.16 13.20 14.48 15.77 0.39 0.54 0.39 I I

—371 91 1316734 —1107 JAN 8 24 7.40 16.94 5.01 6.85 .60 0.91 1.65 0.01
—371 85 1316911 —1107 JUL 4 21 4.68 19.18 21.~~7 23.49 25.41 0.92 1.79 0.92
—37179 1317088 —1107 DEC 28 18 7.37 16.79 17.83 19.29 20.75 0.55 0.80 0.55
—37173 1317266 —11 06 JUN 24 16 4.61 19.15 0.87 1.78 2.94 0.25 0.35 0.25

H —37156 1317768 —1105 NOV 8 38 6.49 17.21 10.81 11.84 12.88 0.22 0.31 0.2?
—37150 1317945 —1104 MAY 3 35 5.36 18.50 —1.44 0.24 1.92 0.74 1.14 0.74

H —37144 1318122 —1104 OCT 27 32 6.31 17.38 16.31 16.73 18.14 0.87 1.52 0.87
—37138 1318299 —1103 APR 22 29 5.55 18.38 14.3’ 16.01 17.68 0.79 1.24 0.79
—37132 1318476 —1103 OCT 16 26 6.12 17.58 13.80 15 .’5 17.21 0.58 0.85 0.58

—37115 13189 79 —1101 MAR 3 49 6.89 17.73 9.74 10.87 12.00 0.26 0.36 0.26
—37109 1319155 —1101 AUG 26 45 5.30 18.84 14.20 15.14 16.09 0.21 0.28 0.21
—37103 1319333 —1100 FEB 20 43 7.07 17.58 11.77 13.73 15.69 0.Q0 1.67 0.90
—37097 13195 10 —1100 AUG 15 40 5.15 18.96 5.71 7.46 9.21 0.91 1.60 0.91
—37091 131 9687 —1099 FEB 8 37 7.20 17.42 12.07 13.52 15.03 0.47 0.66 0.47

~u. —37085 131 9864 —1099 AUG 4 34 5.01 19.04 21.’1 23.01 24.50 0.57 0.82 0.57
—37068 1320366 —1098 DEC 19 56 7.27 16.74 1~~.15 18.32 19.50 0.34 0.48 0.34
—37062 13205 43 —1097 JUN 14 53 4.65 19.06 20.03 71.49 22.96 0.43 0.60 0.43
—37056 1320721 —1097 DEC 9 51 7.07 18.79 8.26 10.02 11.7° 0.9? 1.69 0.9?
—37050 13208 97 —1096 JUN 2 47 4.79 18.90 21.60 23.52 25.44 0.91 1.64 0.90

r i
—37044 1321075 —1096 NOV 27 45 6 .85 16.91 21.52 27. 99 74.47 0.52 0.75 0.53 } I
—3703 8 132 1252 —1095 MAY 23 42 ‘,.99 18.73 7.1° 8.17 9.14 0.20 0.28 0.20
—370 27 1321577 —1094 APR 13 7 5.74 18.79 15.64 16.39 17.13 0.13 0.18 0.13
—370 15 1321932 —1093 APR 3 2 6.06 18.15 7.14 8.90 10.66 0.87 1.48 0.88
—37009 1322108 —1093 SEP 26 58 5.80 18.08 11.8-9 13. 50 15.3 1 0.82 1.34 0.82

-0

-

~ 

- 

~~~~~~~~~~~~ 

_
_~~~~~~~~~~~_ i _1i ~~~~~~~ I _ _ _ _  _ _ _



r ‘t  --
~~~~~~~~~~~~~~~~~~~

--
~
--

~~~~~

-- —
~~~
- — - — ---—

~~~---~~~THE JOHNS HOP$(INS UNIVERSITY
APPLIED PHYSICS LABORATORY

LAUREL MARY LAND

A CANON OF UMBRAL LUNAR E C L I P S E S

FROM —1500 TO —1 000

L JON Y N 0 C MS MR PT (~T FT M? f.M M3

—37003 1322286 —1092 MAR 22 56 6.39 18.00 1Q .27 70.83 22.40 0.57 0.83 0.57
—369°7 1377463 —1092 SEP 15 53 5.62 18.38 —1 .37 0.75 1.87 0.70 1.06 0.70
—36980 1322965 —1090 JAN 30 15 7.29 17.29 P.07 9.01 0.9’ 0.17 0.73 0.17 - 

-
—3607.. 1323142 —1090 JUL 26 12 4.91 19.11 20.79 21.°6 2’.12 0.31 0.4? 0.’l
—36968 13233 1Q —108° JAN 19 0 7.40 17.09 13.22 1~~.1c 16.08 0.90 1.63 0.91

—38962 1323497 —1069 JUL 16 7 4.76 19.20 4.49 6 .41  8.3~ 0.92 1.76 0.92
— 36 956 1323674 —1088 JAN 9 4 7.44 16.90 2.51 3. 0p 5• 4 5 0.57 0.8? 0.57
—3 6 950 1323851 — 1088 JUL 4 1 4.64 19.22 6 .95 P. ’0 0 .I~Y~~ 0.35 0.40 0.35
—36033 1324353 —10 87 6-WV 18 23 6.69 17.04 10 .18 2fl .20 21.72 0.22 0.30 0.??
—36927 1324530 —1086 MAY 14 20 5.13 18.64 c.88 7.49 9.11 0.67 1.01 0.67

—36921 1324708 —1086 NOV 8 iS 6.50 17.16 —1 .55 0.37 2.29 0.87 1.’-1 0.87
—36915 1324884 —1085 MAY 3 j4 5.30 1S .52 21.84 21.54 25.24 0.85 1.38 0.8~
—36909 132 5061 —1085 OCT 27 11 6.31 17.34 21.86 23.53 25.20 0.59 0.P7 0.59
—36903 1325239 —1084 AP P 22 5.49 18.40 16.43 16.50 16.75 0.03 P .01 0.01 -~~~

—36892 1325564 —1083 MAR 13 34 6.64 17.89 17.2’ 18 . 2 2  19 .20 0.19 0.26 0.19

—36886 1325740 —1083 SEP 5 30 5.47 18.63 72.5? 23.37 74.72 0.17 0.23 0.17
— 36880 1325918 —1082 MAR 2 28 6.85 17.74 1P. °1 20 .86 22.81 0.88 1.57 (1 .89
—36874 1326095 —1082 AUG 26 25 5.32 18.78 1’.80 15.6? 17.35 0.89 1.’? 0.89
—36888 1326272 —1081 FEB 19 22 7.02 17.59 19.32 20.8° 22.46 0.52 0.75 0.52
—36-862 1326450 —1081 AUG 16 20 5.17 18.91 5.27 6.82 8.27 0.61 0.90 0.61

—36845 1326952 —1080 DEC 30 42 7.40 16.80 1.~~P 3.15 4.3? 0.34 0.47 0.34
- •  —36839 1327129 —1079 JUN 25 39 4.62 19.17 7.8-2 ‘.°l 5.?1 0.32 0.45 0.32

— 3683 3 1327306 —1079 DEC 19 36 7.24 16 .70 17.14 18 .90 20.67 0.0 2 1.69 0.92
—36827 1327483 —1078 JUN 14 33 4.70 19.02 6.79 6.21 9.13 0.92 1.80 0.92
—36821 1327681 —1078 DEC 9 31 7.04 15.84 8.28 7.65 0.23 0.52 0.75 0.’2

—36815 1327837 —1077 JUN 3 27 4.84 18.86 14.15 15.32 16.49 0.31 0.43 0.31
3 —36804 1328163 —1076 APR 24 53 5.4V. 18.43 —0.42 0.00 0.42 0.04 0.05 0.04

—3 6792 1328517 —1075 APR 13 47 5.78 18.28 14.71 16.44 18.18 0.83 1.36 0.84
—36786 132869? —1075 OCT 8’ 43 5.97 17.82 10.90 21.70 23.50 0.81 1.31 0.81
—36780 1328872 —1074 APR 3 42 6.10 18.14 2.41 4.05 5.70 0.64 0.95 0.64

—36774 1329048 —1074 SEP 26 38 5.79 18.12 7.05 8.68 10.31 0.71 1.09 0.72
—36757 1329550 —1072 FEB 10 60 7.16 17.46 15.’9 16.62 17.44 0.13 0.18 0.13
—36751 1329728 —1072 AUG 6 58 5.06 19.01 4.52 5.5~ 6.58 0.23 0.32 0.23
—3 6745 1329904 —1071 JAN 29 54 7.34 17.26 21.50 23.13 25 .15 0.00 1.59 0.90
—36739 1330082 —1071 JUL 26 52 4.88 10 .16 11.40 13.40 15.31 0.Q0 1.66 0.91

—3 6733 1330259 —1070 JAN 19 40 7.44 17.05 11.08 12.57 14.06 0.59 0.85 0.59
—36727 1330636 —1070 JUL 15 46 4.72 19.24 13.4? 14.90 16.39 0.45 0.63 0.45
—36710 1330939 —1069 NOV 30 9 6.88 16.01 .76 4.77 5.78 0.21 0.29 0.22
— 36704 1331115 —1068 MAY 24 5 4.95 18.77 13.22 14.7’ 16.28 0.60 0.87 0.59
—3 6698 1331293 —1068 NOV 18 3 6.70 16.99 6 .83  8.5~ 10.47 0.87 1.50 0.87 -I
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A CANON OF UM BR A L LU N A R ECLIPSES

FROM —150i ) TO —1000

I JON V N U C MS MR 87 C-I FT N? GM M3

—3 6602 133 1470 —1067 MAY 14 -50 5.08 18.66 C ? q  7.03 8.77 0.89 1.51 0.89
—366~ 6 133 1647 —1067 NOV 7 57 6.50 17.12 .92 7.60 0.28 0.60 0.88 0.60

- - —36680 1331825 —1066 MAY 4 55 5.26 18.53 —0.8’ 0.02 0.69 0.10 0.13 0.10
• —3 6669 1332150 —1065 MAR 25 20 6.37 18.03 0.60 1.43 7.16- 0.10 fl.14 0.11

—36663 1332326 —10 65 SEP 17 16 5.64 18.38 6.08 7•74 8.5(1 0.13 0.18 0.14

—36657 133 2504 —1064 MAR 13 14 6.60 17.8° 1.04 3.P7 ~ .8IJ 0.86 1.46 0.86
—36651 1332680 —1064 SEP 5 10 5.49 18.57 27.18 23.00 2~~.6Z 0.87 1.46 0.87
—3 6645 1332858 —1063 MAR 2 8 6.61 17.75 7.51 4.1’ ‘.7B 0.58 0.84 0.58
—3 6639 1333035 —1063 AUG 26 5 5.34 18.72 13.13 14.72 16.22 0.6’ 0.°7 0.66

L —3 6622 1333537 —1061 JAN 10 27 7.47 16.92 10.77 11 .87 13.01 0.33 0.45 0.33

—36616 1333714 —10 61 JUL 6 24 ‘..65 19.24 Q•37 10.45 11.54 0.22 0.30 0.22
—366 10 1333892 —1061 DEC 31 2? 7.36 16.84 1.02 3~ 6 - 0  5.~~ 0.07 1.67 0.92
—3 6604 1334068 —1060 JUN 24 18 4.66 19.13 11.08 13.00 14.~~1 0.02 1.75 0.97
—3 6598 1334246 —1060 DEC 19 16 7.20 16.83 14.75 16 .24 17 .72 0.52 fl~~7c 0.57
—365 92 1334422 —1059 JUN 13 12 4.74 18.90 21.7? 22.53 23.85 0.41 0.57 0.41

—3 8569 1335102 —1057 APR 24 32 5.50 18.42 22 .18- 21.86 25.57 0.78 1.23 0.78
—365 63 133 5279 —1057 OCT 18 29 6.15 17.56 4.26 8.04 7.83 0.81 1.30 0.81
—36557 1335457 —1056 APR 13 27 5.82 18.27 9.42 11 .1? 12.8’ 0.71 1.07 0.71
—3 6551 1335633 —1056 OCT 6 23 5.96 17.86 15 .61 17.25 18.89 0.73 1.12 0.74
—36534 1336136 —1054 FEB 21 46 6.98 17.63 —0.55 0.11 0.76 0.08 0.11 0.08

—36528 1336313 —1054 AUG 17 43 5.22 18.86 17.37 13.24 14.12 0.16 0.22 0.17
—36522 1336490 — 1053 FEB 10 40 7.20 17.43 ~ •57 7.30 9.20 0.89 1.54 0.8°
—36516 1338-667 —1053 AU G 6 37 5.03 19.06 18.81 70.51 22.41 0.88 1.53 0.88
—3b510 1336844 —1052 JAN 30 34 7.38 17.23 “~.55 71.06 72.58 0.61 0.90 0.61
—36504 1337021 —1052 JUL 25 31 4.84 IQ .20 20.02 21.62 23.21 0.53 0.76 0.53

—36487 13375 24 —1051 DEC 10 54 7.06 16.85 12.28 13.28 14.29 0.21 0.29 0.21
—36481 1337700 —1050 JUN 4 50 4.82 18.90 70.60 77.03 73.47 0.51 0.73 0.’1
—3 6475 13378 78 —1050 NOV 29 48 6.90 16.86 14.80 16.72 18.64 0.87 1.49 0.87

- 
- —36469 1338055 —1049 MAY 25 45 4.80 18.80 12.75 14.51 16.27 0.Q2 1.65 0.Q3

—36463 1338232 —1049 NOV 18 42 6.71 16.04 14.01 15.69 17.37 0.61 0.89 0.61

—36457 1338410 —1048 MAY 14 40 5.02 18.68 A~~49 7.41 8.33 0.19 0.26 0.19
—36446 1338735 —1047 APR 4 5 6.10 18.16 8.24 8.46 8.67 0.01 0.01 0.01
—36440 1338911 —1047 SEP 27 1 5.81 18.12 15.56 18.25 16.94 0.11 0.15 0.11
—3 6434 1339089 —1046 MAR 24 50 6.33 18.03 8.78 10.68 12.59 0.82 1.34 0.82
—36428 1339266 —1046 SEP 17 56 5.66 18.32 6.61 8.32 10.03 0.86 1.41 0.85

—3 6422 1339443 —1045 MAR 13 53 6.56 17.90 9.54 11.24 12.94 0.64 0.95 0.64
—364 16 1339620 —1045 SEP 6 50 5.50 18.51 21.15 27.78 24.41 0.68 1.03 0.69
—363 99 1340122 —1043 JAN 20 12 7.46 17.08 19.30 20.50 21.61 0.31 0.43 0.31
—36393 1340299 —1043 JUL 16 9 4.73 19.26 16.26 17.08 17.80 0.12 0.16 0.12
—36387 1340477 —1042 JAN 10 7 7.42 16.96 10.62 12.~~9 14.16 0.92 1.66 0.92
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IIIE JOHNS HOPRINS UNIVERSITY

APPLIED PHYSICS LABORATORY •
LAUREL MARYLAND

A CANON OF UMBRAL LUNAR ECLIPSES

FROM —1500 TO —1000

L JUN V N U C MS MR .T C.T ~T N? GM M3

—36381 1340653 —1042 JUL 5 3 4.68 19.20 17.°9 19.88 21.77 0.90 1.61 0.90
—36375 1340832 —1042 DEC 31 2 7.31 16.88 —0.75 0.74 2.23 0.53 (1.7’ 0.53
—363 69 1341008 —1041 JUN 25 58 4.70 19.0° 4.40 5.83 7.26 0.50 0.71 0.49
—36346 1341688 —1039 MAY 5 18 5.24 18.5~ 5.’~ 7.21 8.86 0.72 1.09 0.72
—36 340 1341864 —1039 OCT 28 14 6.33 17.3? 12.71 14.49 16.27 0.80 1.29 0.80

—36334 1342042 —1038 APR 24 12 5.54 18.40 16.37 18.1(1 10.P& 0.77 1.21 0.77
—36328 1342219 —1038 OCT 18 9 6.13 17.60 0.30 1.94 3~ 5P 0.74 1.14 (.74
—3 6311 1342721 —1036 MA Q 3 31 6.75 17.79 7.12 7.46 ‘.81 0.02 0.03 0.02

- - —36305 1342898 —1036 AUG 27 28 5.38 1~~.67 20.14 21.05 21.76 0.10 0.14 0.11
- - —36299 1343075 —1035 FEB 20 25 7.02 17.61 11.5? 1’.32 17.12 0.67 1.48 0.88

—3 6293 1343253 —1035 AUG 17 23 5.19 18.91 1.85 3.73 5.62 0.85 1.42 0.85
—36287 1343430 —1034 FEB 10 20 7.25 !!~41 3.87 5.40 6.94 0.64 0.95 0.85
—36281 1343607 —1034 AUG 6 17 5.00 10.10 7• 70 4.47 6.16 0.60 0.88 0.60
—36264 13441 09 —1033 DEC 21 39 7.22 16.85 ~~~~~ 21.76 22.72 0.20 0.27 0.20
—36258 1344286 —1032 JUN 15 36 4.74 19.02 4.05 5.37 6.69 0.43 0.60 0.63

—3 6252 1344464 —1032 O~ C 10 34 7.09 16.80 —1.05 0.87 2.79 0.86 1.49 0.86
—36246 1344640 —1031 JUN 4 30 4.76 18.93 20.71 21.08 23.75 0.06 1.70 0.94
—36240 1344817 —103 1 NOV 26 27 6.91 16.82 22.15 73.e4 25.52 0.61 0.90 0.61
—36234 13449 95 —10 30 MAY 25 25 4.84 18.82 13.65 14.76 15.86 0.29 0.40 0.29
—3 6217 1345497 —1020 OCT ° 47 5.98 17.8-5 0.76 0.00 1.53 0.09 0.17 0.09

—3621 1 1345674 —1028 APR 3 44 6.06 18.16 1’.55 17.41 19.26 0.77 1.21 0.77
—3 6205 1345851 —102 8 SEP 27 41 5.82 18.06 1’.14 16.8’ 18.55 0.84 1.37 0.84
—36199 1346028 —1027 MAR 23 38 6.29 18.03 16.48 18.74 20.01 0.70 1.07 0.71
—36193 1346206 —1027 SEP 17 36 5.67 18.26 5.29 6.Q5 8.60 0.70 1.07 0.11
—36176 1346708 —1025 FEB 1 58 7.30 17.25 1q 03 5.00 6.06 0.28 0.39 0.28

—3 6170 1346884 —1025 JUL 27 54 4.86 19.22 23.46 23.88- 24.26 0.03 0.04 0.03
—3 6164 1347062 —1024 JAN 21 52 7.41 17.11 19.18 20.95 22.72 0.91 1.62 0.01
—3615 8 134723° —1024 JUL 16 49 4.76 19.21 1.04 2.90 4.76 0.87 1.48 0.88
—36152 1347417 —1023 JAN 10 47 7.37 16.99 7.82 Q •33 10.63 0.54 0.77 0.54
—3 6146 1347593 —1023 JUL 5 43 4.72 19.15 11.68 13.10 14.71 0.58 0.84 0.58

—3 8123 1348273 —1021 MAY 16 3 5.02 18.70 12.80 14.47 16.06 0.64 0.95 0.64
• —3 6117 1348449 —1021 NOV 8 59 6.53 17.11 21.26 23.03 24.81 0.80 1.29 0.81

—3 6111 1348628 —1020 MAY 5 58 5.29 18.54 —O .~~8 0.95 2.79 0.83 1.35 0.83
—36105 1348804 —1020 OCT 28 54 6.32 17.36 9.07 10.72 12.36 0.75 1.15 0.75
—36082 1349484 —1018 SEP 8 14 5.55 18.44 4.47 4.0~ 5.49 0.05 0.07 0.05

—36076 1349660 —1017 MAR 3 10 6.79 17.77 21.38 23.15 24.92 0.85 1.41 0.86
—36070 1349838 —1017 AUG 28 8 5.36 18.71 9.21 11.08 12.94 0.82 1.34 0.82
—36064 1350015 —1 016 FEB 21 5 7.06 17.59 12.08 11.64 15.21 0.68 1.02 0.68

- ;- —36058 1350192 —1016 AUG 16 2 5.16 18.95 0.74 11.48 13.22 0.65 0.08 0.65
—36041 1350695 —101 ’. JAN 1 25 7.32 16.92 5.13 8.09 7.05 0.19 0.25 0.19
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THE JOHNS HOPNINS UNIVERSITY

APPLIED PHYSICS LABORATORY
LAUREL MA RYLA NT

A CANON OF UMBRAL LUNA R ECL IPSES

FROM —1500 TO —1000

• I JEN Y N U C MS MR BT GT El M2 GM M3

— 36035 1350871 —1014 JUN 26 21 4.72 19.10 11.60 12.7~ 13.98 0.34 0.48 0.34
—36029 1351049 —1014 DEC 21 19 7.24 16.81 ~.02 8.94 10.86 0.86 1.47 0.86
—36073 135 1226 —1013 JUN 16 16 4.69 19.05 3.77 5.50 7.27 0.95 1.86 0.95
—36017 1351403 — 1013 DEC 10 13 7.10 16.76 6.76 7~~Q5 9.64 0.61 O.°1 0.62
—3 6011 1351580 1012 JUN 4 10 ~,.7l 18.96 20.83 22.09 23.34 0.38 0.53 0.38

—35994 1352082 —1011 OCT 19 32 6.16 17.61 9.05 9.66 IC.26 0.08 0.11 0.08
—35988 1~~~2259 —1010 LPR 14 2Q 5.78 18.29 22.16 21.96 25.76 0.70 1.07 0.70
—35982 1357437 —101 0 OCT 9 27 6.00 17.80 —0.19 1.51 3.20 0.83 1.34 0.83
—35976 135261k —1009 A PR 4 24 6.02 18.17 —0.69 1.13 2.95 0.77 1.20 0.77
—35970 13527 91 —100 9 SEP 28 21 5.84 18.00 13.56 15.23 16 .91 0.72 1.11 0.73

—3 5953 1353293 —1007 FEB 11 43 7.25 17.44 12.38 13.39 14.39 0.25 0.34 0.24
—35 941 1353648 —100 6 FEB 1 38 7.33 11.28 .61 5• 40 7.17 0.00 1.58 0.91
—35 935 1353824 —1006 JUL 27 34 4.88 19.17 8.23 10.06 11.90 0.83 1.37 0.83
—35 929 13540 (12 —1005 JAN 21 32 7.36 17.14 15. 85 17.38 18.91 0.55 0.80 0.55
—35023 1354178 —1005 JUL 16 28 4.79 19.16 10.11 20.69 22.27 0.65 0.96 0.65

—35900 1354858 —1003 MAY 26 48 4.84 18.85 20.21 21.71 23.21 0.56 0.81 0.56
—35894 1355035 —1003 NOV 19 45 6.73 16.94 5.85 7.62 9.39 0.81 1.29 0.81
—35888 1355213 —1002 MAY 16 43 5.06 18.68 5.86 7.74 9.61 0.87 1.50 0.88
—35882 13553 89 —1002 NOV 8 39 6.51 17.15 17.°2 19.56 21.20 0.75 1.15 0.75
—35876 1355567 —1001 MAY 5 37 5.33 18.51 10.41 10.74 1i.oe 0.02 0.03 0.02

—35859 1356069 —1000 SEP 18 59 5.12 18.19 12.80 13.04 13.28 0.01 0.02 0.01

‘
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I THE JOHNS HOPPJNS UNIVERS ITY
APPLIED PHYSICS LABORATOPV

LAUREL MARYLAND

I
A C ANO N OF PE~’JUMFIDA L LUNAR ECL IpS ES

I FROM — 1500 TO —1000

- L JUN Y N U C ~IS MR P T GT ET M2 GM M 3

I —~ 2050 1173245 —1500 MAR 3 5S 6.9~ j7.60 21.85 22.°5 24.04 —0.12 —0.04 —0.12
—62030 1173570 —1490 JA N  22 2 1 1  7.~~8 17.15 11.82 14.83 15.64 —0.18 —0.12 —0.18

- —41992 1174958 —1696 NCV 10 2F 8 .50 17.25 5~~E 7 8.~~7 7.61 —0.12 —0.04 —0.12
1 —41956 1176021 —1493 OCT 0 11 5.97 17.81 2~.°8- 5.11 6.30 —0.12 —0.05 —0.13
I —41951 1 17616w —j497 MA R 5 ~~~ 6. 93 17.73 7.’l P .30 9.39 —0.11 —0.02 —0.11

—41915 1177232 —14~~9 FE b 1 2? 7.29 11.27 2.6? 3.0~’ 3.67 —0.28 —0.26 —0.28
—4 1904 1177556 —1489 D~~C 22 4~’ 7.31 16.74 1?.~~8 il .cs 14.62 —0.21 —0.16 —0.21

I —41816 1160155 —1481 Ft- b 2 5 7.29 17.31 ‘1.~~4 ?‘.41 73.29 —0.22 —0.18 —0.22
—41810 1180332 —1481 JUL 29 2 4.9? 19.10 17.°9 14.07 15.15 —0.10 —0.02 —0.10

- 
—4176 9 1181543 —1478 NOV 21 1? 6.70 17. 08 £4.48 15 .~~? 16.56 —0.12 —0.05 —0.12

1733 1182606 —1475 I’CT 10 56 6.15 17. 5~ 11.88 -  13.06 14.27 —0.11 —0.03 —0.11
—4 1728 1182754 —1474 MA R 16 24 8. 68 1’.Pb 1’.23 14.14 17.O~ —0.18 —0.12 —0.18
—41692 1163817 —1471 FF 8 11 7 7.17 17.44 9.54 10.41 11.28 —0.23 —0.19 —0.23
—41~.61 1184141 —1470 JAN 1 31 7...’. ~~~~~ 21.09 21.94 22.60 —0.21 —0.17 —0.21
—41593 1186741 —1463 F~~E 13 51 7.15 1 . 48 5. ic 5~~70 6.43 —0.28 —0.26 —0.28

—41587 11 86Q17 —1’.63 AUG 8 ‘+7 5.06 1’~.00 21.14 72 .07 21.00 —0.17 —0.11 —0.17
—41551 1167981 —1460 JUL 7 31 ‘..60 1’~.23 4.37 .RP 5.38 —0.30 —0.29 —0.30
—41546 1188129 —1460 DEC 2 59 6 .8 -  lt.96 —0 .57 0. 46 1.~~0 —0.13 —0.05 —0.13
—‘.1510 118~~191 —1~~57 OCT 30 ‘.1 6.34 17.31 19.P5 21 .flF 22.31 —0.10 —0.02 —0.10
—41505 1189339 —1456 MA~ 26 9 6.40 1(.02 ~7.19 23 .83 24 .48 —0 .26 —0.73 —0 .26

—41469 1190402 —1453 F F 8  22 52 7.00 17.60 16.~~5 17.6? 18.69 —0.16 —0.10 —0.16
• —41458 1190727 —1652 JAN 13 17 7.30 18.92 5.42 6.23 7.04 —0.23 —0.19 —0.23

—41452 1190904 —1 652 JUL 8 14 4.63 19.25 21.17 72.74 23.30 —0.15 —0.08 —0.15
U —41416 1191067 —1449 JUN 8- 57 4.E5 18.c3 7.44 7.~’2 8.21 —0. 32 —0.3 1 —0.32

—41364 1193503 —1445 AUG 20 33 5.22 lb.66 5.42 6 . 18  8.95 —0.22 —0.18 —0.22

—41328 1194566 —1442 JUL 18 16 4.68 1~~.?6 10 .8-7 !1. ’.° 12.52 —0.21 —0.17 —0.21
—41323 1194714 —1442 DFC 13 44 7.07 16.89 8.33 0.36 10.3 —0.13 —0.05 —0.13
—41235 1197312 —1434 JAN 23 2 7.50 17.07 13 .71 j4.4L 15.1 —0.25 —0.21 —0.24
—41220 1197490 —1434 JUL 20 60 ‘..71 19.27 4.47 ~ .27 5.98 —0.25 —0.22 —0.25
—411 93 1198552 —1431 JUN 16 42 4.75 18.98- 14.04 14.01 15.77 —0.21 —0.16 —0.21

—41141 1200088 —1427 AUG 30 lb 5.39 18.66 13.8’ 14.’.4 15.04 —0.27 —0.25 —0.27
—41105 1201151 —1424 JUL 28 1 4.62 19.22 17.27 18.43 19.60 —0.13 —0.05 —0.13
— 41100 1201299 —1424 DFC 23 29 7.22 16.89 17 .19 18.20 19.22 —0.14 —0. 06 —0.14
—41094 1201476 —1423 JUN 18 26 4.75 18.99 3.87 4.I~ 5.$3 —0.18 —0.13 —0.18
—41012 1203897 —1416 FEB 3 47 7.’.3 17.25 21.89 22.49 73.00 —0.28 —0.25 —0.28

—41006 1204075 —1416 JUL 30 45 4.85 19.24 12.15 12.31 12.47 —0.34 —0.33 —0.34
- —40970 1205137 —1413 JUN 27 27 4.71 19.06 20.92 72.05 23.19 —0.11 —0.02 —0.11

—40918 1206673 —1409 SEP 10 3 5.56 18.44 22.43 22.83 23.22 —0.31 —0.30 —0.31
—40877 1207885 —1405 JAN 4 15 7.32 16.05 1.°6 7•04 3.92 —0.15 —0.08 —0.15
—40871 1208061 —1405 JUN 29 11 4.73 19.08 11.04 11.66 12.27 —0.28 —0.26 —0.28
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A THE JOHNS IIOPI(INS UN~~ERb~! -
APPLIED PHYSICS LABORATORY

LA~~RE~ M~~Y V L ~~NL.

A CLN0~1 CF P E N U M P L A L  LUNA PS E C L I P S E S

F~- t ~~ — 1500 10 —10 00

- . I JON V ~
-‘ r~ C ~ S ~~ ~ T CT El M2 GM M3

—40825 1709125 —1402 M A Y  28 5~ 4 .5~i 1~- . f ?  4.05 5. -’-0 6.74 —0.26 —0.23 —0.26
—4078° 1210483 —1 3°8 F~~ l~ 33 7.29 17.43 6 .08- A .4~~ 8.63 —0.32 —0.31 —0.31
—4065-. 1214470 —1387 JAN 1’. 60 7.78 17.08- 10 .8-4 11. 57 17.50 —0.17 —0.11 —0.17

- —40612 1215710 — j 3 P 4  JUN 7 4C 4.~67 1P .98- 12.09 17. 0? 11.97 —0 .17 —0. 11 —0.17
—40431 1221055 —1369 JAN 2’ ‘.5 7.~~3 17.?1 1g .?? 70.07 20.91 —0.20 —0.15  —0.20

—4020 8 12276~~1 —13 5 1  F~- 8 c 31 7.74 17.37 3.70 ~.43 ‘..15 —0.24 —0.20 —0.24
—40067 123180’. —13’ .0 JUN 30 5.. ~, • 5 4  14 .22 10.43 11.’,’ 12. 42 —0 . 14 —0.07 —0.14

- —3 998c 1234776 — 17 3 3  ~~ 8 16 16 7.06 17.~~’. 12.OF 17. A 2  1T .15 —0 .79 —0. 27  —0.2 9
- —39 8’ .4 1238389 —132 7  JUL 11 39 -s.~’. 1 9.29 18 .25 19 .10 1°.85 —0.23 —0. 19 —0.23

- 
— 398 08 123°~~53 — 1319 JUN 9 23 4 .5 1  1~ - .00 1.’7 .34  7. 9 1 —0.29 —0.28  —0.2 9

—39709 1247376 —1311 JUN 10 #, 4 .oU 18. -~? 18. 71 19. lt- 20. 76 —0 . 18 —0.12 —0.18
—39 67 3 1243439 —130 8 MAY 6 4~ 5.16 1~-.27 5.44  ~~~~ 6.20 —0.32 —0.31 —0 .32

- 
- —30621 1244075 — 1304 JUL 2? 25 4 .75 1’i.7~ 7. 45 2 .06  1.27 —0 .31 —0.2 0  —0.31

—39585 1246038 —1301 JuN 20 P ‘..73 j9 .~~l 
7 .19 P .’0 9.8 1 — 0 .18 —0.13 —0.1~+

- —304 e6 1248062 — 1293 JUN 22 5? 4.7’. 1~~.03 1.Q3 ?. ‘.8 3. 04 —0.29 —0.27 —0.29

- —39450 125002’. —12~~0 MAY 19 34 4.9’. 1n.l~ i1.~~6 1~~.h4 1:1.7? — 0.20 —0.16 — 0.20
— 30351 1Z5?9’.8 —1282 MAY 21 16 4 .23 1— . .75 1. 8-5 2 . 8-6 3.8-8 —0.17 —0.11 —0.17

- 
—39227 1258-609 —1272 MAY 79 jO 6.77 18 .86 18 .7~ 1°.P~ 71.05 —0. 09 —0. 0 1 —0 .00

—30128 12’°533 — 1264 MAY 31 3 ‘..76 F.90 8. 73 o • 3 7  10.00 —0.28  —0.25 —0. -~7
- —3~~0~~2 1260597 —1261 A P R  30 47 ~ .5 1 18.41 2 .0° 3 •4 0  4.30 —0 .27 —0.25 —0.27

- — 3886 9 1767187 —12 6 3 UA Y  10 37 5 .27  ItI. ~ 4 10.24 11 • 5 12.06 —0.18  —0.12 —O .~~F• —3 8324 1283276 —119 9 JUN 7 -.~ -..~~9 ] D .~~ ’. 8 . 47  O~~ 3 P  10 .75 —0 .15 —0.09 —0.15
I —38101 128984 1 —11 8 1 JIJ ’~ 13 ~ 1 £, 7 9  1’..94 16 .?? 16 .00 

~~~~~ — 0.25 —0.22 —0.25
—38065 129O~~25 —1178 M A Y  12 15 5 .08 11.63 -0. 47 0 .1w 0 .72 -0.29 —0.28 —0.29
—379 66 12~~384b —1170 M~~Y 13 5I~ 5.0’- 1~~.- 1~ 16 .A ~ 17 .67  18.69 —0 .17 — 0 . 1 1  —0.17

— 3793o 12°4911 —11 67 APR 10 41 5. °8 le .?0 3 .19  3. 63  4.07 —0.3 1 —0. 3 0 —0.31
-‘ —37842 1297510 — 118-0 MAY 22 60 4.Pc. ic. 77 ~~.24 ‘..‘‘ 7•59 —0 .18 —0. 12 —0.18
-‘ 37743 1300434 115? MAY 24 ‘.4 4 .5 5 1b. P 1 0. ’S 0.24 0.9. —0.29 —0.27 —0.28

—37707 1301496 —1149 A P R  2). 28 s.70 1i~.32 9.Q1 10.1° 11.87 —0.21 —0.16 —0.21
.7. —37608 1304420 — 1141 APR 23 10 ‘..66 lo.36 -0.50 0.21 1.61 —0.17 —0.12 —0.17

—37572 1305483 —1138 MAR 21 57 6.31 18.00 17.47 17.71 17.~~’. —0.33 —0.33 —0.33
—37484 1308081 —1131 MAY 1 11 5.’.3 1~- .’.8- 14.79 17.93 19.07 —0.10 —0.02 —0.10

V —37431 1309646 —1127 AUG 13 18 5.07 IQ .06 27.00 23.-.? 73.85 —0.30 —0.29 —0.30
—37385 1311005 —1123 MAY 3 5~ 5.41 18.’.9 6.64 7.’~- 7.93 —0.27 —0.25 —v .27

VS
. —37340 1 312069 —1120 A PQ 1 39 6.03 Io.1’. 0.77 1.’.5 1.12 —0.2 5 —0.22 — 0 .2 5

- —37208 1316232 —1100 AUG 25 2 .? ‘  10.88 6 .00 7.29 2 .75 —0.25 —0.22 —0.25
— 37126 1318654 —1102 APR 12 24 5.78- 18.21 P.14 9.07 9.90 —fl.j7 —0.11 —0.11
—37021 1321754 —1094 CCI 7 4 5.99 17.77 0.00 1fl.1~ 11.39 —0.11 —0.03 —0.11
—36965 1322817 —1091 SE P ‘. 47 5.’+.~ 16.66 15.0’ 15.88 16.67 —0.21 —0.16 —0.21
—36897 1325416 —108’. OCT 16 6 6.13 11.54 0.84 1.1’~ 1.47 —0.33 —0.32 —0.33
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THE JOHNS HOPNINS UNIVERSITY

APPLIED PHYSICS LABORATORY
LAUREL MA RYL AN D

A CA ~”ON OF P EN UM8RAL 1UNA~ E C L I P S E S

FROM — 1500 T O —1000

I JUN V M 0 C MS MR ~ T CT  FT M2 GM

1 —38198 1328330 —1016 OCT 17 44 6.17 17.51 16.07 18.12 19.27 —0.13 —0.05 —0.13
—36762 1329403 —1073 SIP 18 33 3 .80 16.42 —0 .6 3  0 .78  1.19 —0.17 —0.11 —0.17
—36874 1332001 —1086 lif T 27 ‘1 6.31 1).29 0.04 9.47 4.90 —0.31 —0.30 —0.31

I —36581 1334748 —1058 AY 5 3~ 5.20 18 .57 6 .53  7 .51 8.20 —0.1 5 —0.08 —0.15
—36575 1334925 —1058 OCT 29 35 6.35 17.77 1.08- 2.19 3.32 —0.14 —0.06 —0.14

—36539 1335988 —1055 S -. Th 18 5.77 1~~.16 7~~95 °.b? ~.80 —0.15 —0.08 —0.15

I —36498 1337190 —1051 JAM 19 29 7.49 17.0? 13.06 13.18 13.29 —0.34 —0.34 —0.34
—3 645 1 1336588 —10 46 N(’IV 6 36 8.51 17.07 1’.36 17.86 18.35 —0.30 —0.29 —0.30
—36410 1339797 —1044 ~AR 1 47 6.76 17.76 16.97 17~~1~ 17.46 —0.33 —0.32 —0.33
—36368 1341333 —1O’u MA Y 15 23 4.~~8 IP .7? 14.32 1~~.02 15.73 —0.24 —0.21 —0.24

1 —3 6352 1341510 —1040 NOV P 20 6 .55  i7.06 9 .71 10.33 11.45 —0.14 —0.07 —0.14
—3 6322 13’2396 —1037 APP 13 ~. 5.oo 18.25 21 .14 21.14 22.34 —0.29 —0.27 —0.29
—3 63 16 13’.?573 —1037 OCT 7 3 5~~Q5 17.69 16.48 j7~~40 18.’i —0.13 —0.08- —0.13
—36275 1343784 —1033 JAM 30 14 7. -.2 11.20 21.70 21. 45 22.07 —0.31 —0.30 —0.31
—38228 13451. 72 —1030 “WV 1~ 22 6.72 16 .90 1.7R 2 . 3 1  2.86 —0.29 —0.28 —0.29

—3622 3 134~ 320 —1029 APR 15 sO 5.62 10.29 14 .38 15.36 18.35 —0.18 —0.13 —0.18
—3 6 187 1346383 —1026 MAR 13 33 8 .51  17 .90 0.01 0. 73 1.4’ —0.25 —0.22 —0.25
—3 8129 1348095 —1022 NOV 19 5 8.71’- 16.89 17.41 1R .~~3 19.65 —0.14 —0.07 —0.14
—36099 1348982 —1019 APR 24 52 5.59 18.38 .2i-. 4.78 5.30 —0.18 —0 .12 —0.18
—36003 134°159 —1010 OCI 18 49 6.12 17.64 1.23 7.28- 3.30 —0.12 —0.04 —0.12

—36088 1349306 —1018 MAR 14 lb 6.49 17.94 13.58 14.60 15.80 —0.13 —0.06 —0.13
—36052 13’0370 —1015 F68 10 8-0 7.29 17.30 5 •40 6 .06 6.63 —0.2w —0.26 —0 .28
—36046 1350546 —1015 AUG 5 56 ‘..96 1~~.14 17.68 11.08 13.48 —0.32 —0.31 —0.32

I —36005 1351757 —1012 NOv 28 7 6.93 16.77 10.22 10.79 11.36 —0.29 —0.27 —0.29
—3 6000 1351905 —1011 APR 25 35 5.56 18.41 21.50 27.14 2?.69 —0.29 —0.78 —0.29

—35964 1352068 —1008 MAR 23 18 6.25 18.04 7.22 8.20 ~ .18 —0.17 —0.11 —0.17

J 
—35958 1353145 —1008 SEP 18 15 5.8-b U.21 22.42 ‘2.76 23.10 —0.32 —0.32 —0.32

• —35947 1353470 —1007 AUG 7 40 5.01 19.12 5.M 6.76 7.87 —0.15 —0.08 —0 .14
—35911 1354533 —1004 JUL ~ 23 4. ?e. 1 .11 12.35 12.68 13.01 —0.32 —0.31 —0.32
—35906 1354681 —1004 NOV 30 51 b.Q7 16 .78 1.67 7. 14 3.Ps —0.14 —0.07 —0.14

—35870 1355744 —1001 OCT 29 34 8.30 17.40 10.05 11.10 12.15 —0.11 —0.03 —0.12
—3588-’ 1355891 —1000 MAR 24 1 6.21 18.08 2~~.91 21.81 22.71 —0.21 —0.16 —0.21I .- .

I
‘i i
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