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During the progress of central solar eclipses the central line (shadow axis) sweeps over the Earth's
surface between two time points T1 and T2. At these two time points, the shadow axis is tangential
to the Earth's globe and maximum eclipse occurs with Sun and Moon at the (mathematical)
horizon. Then, at any instant between T1 and T2, Sun and Moon are above the horizon for an
observer on the central line, and maximum eclipse occurs on exactly one place on the Earth's
globe at a given time. No central eclipse occurs outside the time interval T1 to T2.

In contrast to the progress of the central line, which is a "one dimensional" problem, the progress
of the partial or penumbral eclipse is more complicated, because maximum eclipse of partial
eclipse depends on the intersection of the three dimensional moving shadow cone with the relative
movement of an observer on a tilted and rotating Earth surface.

Near the beginning and ending of solar eclipses, where Sun and Moon are relatively low above the
horizon, maximum eclipse for a given magnitude of the partial eclipse may occur above the horizon
up to about two minutes before it occurs westward at sunrise at the horizon, and it may occur
above the horizon after it occurs eastward at sunset at the horizon.

In this case, there are points on the iso-magnitude curves, which are outside the time interval T1 to
T2 for given magnitudes. This strange effect or StEf was discovered many years ago by Jean
Meeus, when he calculated contact times for star occultations by the Moon. An explanation is
given in [Mee].

Introduction

During a solar eclipse, the Moon's shadow sweeps from "somewhere in the west at sunrise" to
"somewhere in the east at sunset" or simply from "left" to "right" over the Earth, as seen from the
Sun's direction and North up, and it seems to be trivial, that maximum eclipse also sweeps from
"left" to "right". For the central line this is always the case. In eclipse maps, the geographical
location of the two points "Central eclipse begins or ends at sunrise or sunset are labeled C1 or
C2, respectively (Figure 5 on page 12).

Note: We know, that the direction reverses, if the central line passes beyond the sunny pole
(summer midnight eclipses) or if the central line leaves the Earth on the same side of the meridian,
where the central eclipse begun. In these cases, eclipse phenomena may begin and end at sun-
rise or they may begin and end at sunset.

Note: Maximum eclipse for observers on the central line is a maximum in the geometrical sense,
where (during total eclipses the eclipsed and therefore invisible) Sun and Moon appear as
concentric disks in the sky. The eclipse with maximum duration can be observed away from the
central line in the direction, where the Sun is higher above the local horizon. The gain in time may
reach a few seconds within the path of totality, and minutes for the partial phase.

Note: In this paper dates and times are given either in Universal Time UT or Terrestrial Time TT.
For eclipses very far in the past or in the future, no conversion from TT to UT was applied, and in
the corresponding charts the Earth is show in "Ephemeris orientation” with an assumed deltaT = O.

Now let us go away from maximum eclipse on the central line to the northern or southern limit of
the eclipse. All geographical locations, where the eclipse starts and ends at the same time, form
the curves "Northern or southern limit of partial eclipse”, and the eclipse magnitude is zero. In



Figure 5 the northern limit goes from point PN1 to PN2 and the southern limit goes from point PS1
to PS2, respectively.

But along the curve "Northern limit of partial eclipse” in Figure 5, PN1 is not the earliest location
with zero-magnitude maximum eclipse! All points between PN1 and PN1' have the maximum
eclipse before and therefore outside the time interval of the both ends of the northern limiting
curve. During the eclipse shown in Figure 5 this strange effect occurs on the northern limit in the
"left" sunrise region, and on the southern limit in the "right" sunset region, where points around
PSO0 have zero-magnitude maximum eclipse after the sun sets at point PS2.

The effect can be computed for all eclipse magnitudes, and if it appears, the curves "Earliest
maximum eclipse" and "Latest maximum eclipse" are found. In my recent eclipse maps, these
curves are shown together with the curves "Maximum eclipse at sunrise” or "... sunset" [Nuf].

A closer look at these two curves in Figure 5 shows that two different "types" of the strange effect
can be distinguished. Those, where the maximum effect is on the zero-magnitude limit of the
partial eclipse (PS0), and those, where the maximum effect is not on this limiting curve but
somewhere nearer to the shadow axis. In Figure 5 this is point PMO. In fact, the earliest maximum
eclipse on October 23, -1550 TT was visible at PMO, and the eclipse magnitude was 0.13. Here,
maximum eclipse occurred 21 seconds earlier than at point PNO.

However, in this paper, the two types are not distinguished.

Despite the fact, that the strange effect is nearly unknown in the world, it is present in about ninety
percent of all eclipses.

In the case of star occultations, the Moon's shadow is a cylinder. Therefore the conical form of the
penumbra during the partial phase of solar eclipses is not the reason for the strange effect. The
same is true for the Earth's flattening.

It is already known that the strange effect can occur in any of the four "corners” of eclipses: in the
northern region at the beginning, in the southern region at the beginning, in the northern region at
the ending, and in the southern region at the ending of the eclipse. Following Jean Meeus'
proposed nomenclature, solar eclipses can be categorized according to the occurrence of the
strange effect:

NO-0 = No strange effect along the northern zero-magnitude limit

N1-0 = Strange effect near PN1

NO-1 = Strange effect near PN2

N1-1 = Strange effect on both ends of the northern zero-magnitude limit

On the southern limit, the corresponding categories are S0-0, S1-0, SO-1, and S1-1.

Then, solar eclipses can be categorized into sixteen N- and S- combinations. As an example, the
annular solar eclipse of October 23/24, -1550 TT has the combination N1-0 / SO-1 (Figure 5).

For eclipses whose shadow falls completely on Earth ("complete eclipses”), this is the most
common combination, together with the symmetrical combination NO-1/S1-0, 74 % of the
complete eclipses have two strange effects, and they are of this type.

Eclipses with two strange effects containing N1-1/S0-0 or the symmetrical combination
NO-0/ S1-1 are well known, but they are more rare events. 15 % of the complete eclipses are of
this type.

Surprisingly there are eclipses with three strange effects. About 8 % of the complete eclipses are
of this type. An example is the annular eclipse of August 29, 2668 (Figure 8 on page 14).

But the main motivation for this paper was the search for eclipses with four strange effects. In fact,
there are solar eclipses producing four strange effects, the N1-1/ S1-1 eclipses! They occur even
more often than NO-0 / S0-0 eclipses. About one in thousand eclipses is of this type. An example is
the hybrid eclipse of November 23, 1527 (Figure 17 on page 20).

Search method for the strange effect

Because the calculations were done only at the northern and southern zero-magnitude limits, two
more categories were introduced: N -.- and S -.- for eclipses with no corresponding zero-magnitude
limit on Earth ("non-complete eclipses"). This is in contrast to the NO-O and S0-0 eclipses, which
have zero-magnitude limits, but no strange effect.
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Of course, eclipses whose zero-magnitude limits miss the Earth only a little bit, could behave
similar to complete eclipses, but because they cannot produce four strange effects, they were all
put into the N -.- or S -.- categories.

For all 28'505 eclipses between the years -4999 and 7000 a grid search for the northern (or
southern) zero-magnitude limit with a resolution in geographical longitude of 1/20 deg was done
using the formulae of § 17 and § 22 of Jean Meeus', "ELEMENTS OF SOLAR ECLIPSES 1951 -
2200" [Mee]. With this method, a cluster of geographical positions was found (if the limit existed)
and to each geographical position, the corresponding time was also found and saved. As an
example, Figure 1 shows the points on the northern zero-magnitude limit of the annular eclipse of
October 23/24, -1550 TT, where convergence was achieved.

Note: For this paper, it was necessary to compute contact times along the limiting curves at
milliseconds levels. Therefore some corrections to Meeus' formulae were applied. This problem
was explained on the SEML by John Irwin [Irw]. The main correction was originally presented by
Simone Daro Gossner [Gos] in 1955. Her pragmatic approach reduces errors in time by about
90 %, or from several seconds to about one second or less. Irwin developed an improved
algorithm, which reduces these errors down to the milliseconds range, taking into account rates of
the penumbral and umbral shadow cone diameters [lIrw2].

In a second step, the data cluster was sorted into a "logical” curve, which is in fact the connecting
curve from point PN1 to PN2 (or from PS1 to PS2) (Figure 5).

If the corresponding time of the beginning of the curve was not the earliest one, there was a
strange effect and the earliest time point was found somewhere along the curve. This method was
applied to the other end of the curve (for the latest time point), and to the southern eclipse limit,
too.

The result of this run was a table containing 28'505 eclipses with date, eclipse type, gamma,
declination [Sei], and the four time differences to first and last point on the curve, or -.-, if the zero-
magnitude limit did not exist.

Note: A grid search for discrete longitudes cannot find all eclipses, and because a minimum path
length for the limiting curves of six data points was chosen, there were eight (0.03 %)
"pathological” eclipses of type N -.-/ S -.-, which is in fact the combination for "No eclipse". These
eclipses have extreme gamma values |g > 1.5 and magnitudes of ~0.0000. Depending of the used
numerical integration method they do even not exist. An example for such an eclipse is found in
the 5MCSE on April 4, -1838 (http://eclipse.gsfc.nasa.gov/SMCSEmap/-1899--1800/-1838-04-

04.gif).

Northern zero-magnitude limit of the annular solar eclipse of October 23/24, -1550 TT
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Figure 1

Iteration steps using the formulae in 817 and 822 of [Mee] for the northern zero-magnitude limit of
the annular solar eclipse of October 23/24, -1550 TT. Convergence was achieved between PN1
and PN2 (red dots) after typically six iterations. No convergence above the horizon was achieved

between PN2 and PN1. z (ERad) is the height of the point over the fundamental plane.
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The strange effect along the northern zero-magnitude eclipse
limit

To get familiar with the data interpretation, one may start to inspect the strange effect along the
northern limit of the eclipses. In Figure 2 the six eclipse types (partial, total, annular, ...) are shown
on individual charts. The data points represent the strange effect near PN1 (x axis) versus the
strange effect near PN2 (y axis).

It can be assumed that the analysis on the southern zero-magnitude limit shows similar results.

The three upper charts show the total, hybrid, and annular eclipses. If the strange effect is very
high on one end, then there is no strange effect on the other end. In these cases, eclipses are of
type N1-0 or NO-1. They are the points on the x or y axis. To be a N1-1 eclipse, the maximum
value is about twenty seconds for total eclipses or about forty seconds for annular eclipses. These
eclipses form the rounded shaded region in the lower right corner of the charts.

For partial eclipses, the maximum value on either side is even smaller.
In this context, non-central total eclipses and non-central annular eclipses can be handled like
partial eclipses.

The maximum possible value of the strange effect increases with the relative distance of the Moon,
or from left to right in the upper charts. One may assume, that the high strange effects of the
annular eclipses will favorite them to produce eclipses with four strange effects. But this is not the
case, as will be shown. There are total, hybrid and annular eclipses with four strange effects.

7556 total solar eclipses 1367 hybrid solar eclipses 9288 annular solar eclipses
110 10 110
100 100 Ao sl
— Feb, 20, 2957 100
) = =
90 o 90 & 0 @
o™
z g o
8o & L80 o 80 £
5 HSE | 5 o
+70 2 Mar. 17, -1641 ,i 0 8 0 %
TSE 3 . H e g
Mar. 23, -1902 60 ﬂl 60 & 50 :
d a @
50 & 50 50 &
= © ASE °
TSE . s 140 ¢ HSE L HSE i 4 40 " ASE - Jan.1,382 40 =
Oct. 7, 2184 S c Oct. 20, 385 Dec. 15, -502 € 0Oct.23,-1550 é
s 30 6 5 30 ¢
D - =
20 = uﬁi 20 %
10 10
T 0 e 0
110 -100 -90 -80 -70 -60 -50 -40 -30 -20 -10 O -110-100 -90 -80 -70 -80 -50 -40 -30 -20 -10 0 -110-100 -90 -80 -70 -60 -50 -40 -30 -20 -10 0
StEf on n.l. o. p. e. near PN1 [s] StEf on n. . o. p. e. near PN1 [s] StEf on n.l. 0. p.e. near PN1[s]
62 non-central total solar eclipses 10'074 partial solar eclipses 158 non-central annular solar eclipses
. 110 10 , 110
100 100 | 100
%0 & %0 2 90 &
™ N %
80 & 80 £ 80 &
70 8 70 8 ; 70 8
@ 1 o (ASE 3y @
(T)SE c PSE ol c Mar. 18, 1950 ’ =
Feb. 23, 890 80 g Mar. 28, -1642 80 g 80 g
. - . ‘
50 & s0 & ts0
-] S . o
. 40 = 40 = | 40 =
. & PSE PSE g (A)SE (m)SE 3 e
+ 30 5 o e Dec. 18,-912 0 g e Dec. 1,1396 +30 5
(TIsE (T)SE b b o2
Nov. 2, 1967 Dec.6,4728 —¢ 20 I 20 ig | 20 i@
' o & @
\ \. 10 10 | 10
I | !
+ e al wme ot 0 e m | e emesemcmmi™ o ()
110 -100 -90 -80 -70 -60 -50 -40 -30 -20 -10 O -110-100 -90 -80 -70 -60 -50 -40 -30 -20 -10 0 -110-100 -90 -80 -70 -60 -50 -40 -30 -20 -10 O
StEf on n.l.o.p. e. near PN1 [s] StEf on n.l. o.p.e. near PN1[s] StEf on n.l. 0. p.e. near PN1 [s]

Figure 2

Distribution of the solar eclipses according to the occurrence of the strange effect along the
northern limit of the partial eclipse. Some "extreme" eclipses are indicated. Not necessarily the
most extreme ones, but eclipses from the five thousand years interval of the SMCSE [EspMeel].



Distribution of the solar eclipses according to the number of
occurring strange effects

N-- NO-O N1-0 NO-1 Ni-1
S-.- 9 1339 4032 4004 861
S0-0 1309
S1-0 3997
SO-1 4005

S1-1 862
Table 1 (Extract of Table 2)

Table 1 is an extract of the top left data area of Table 2. It shows the distribution of all 28505
eclipses in the time interval from -4999 to 7000 according to the strange effect along the northern
and southern eclipse limit. Full tables including subdivision into the different eclipse types and the
five millennium time span of the SMCSE are shown in Table 2 and Table 3.

The 8087 complete eclipses are grouped within the shaded fields. As explained in the introduction,
non-complete eclipses are not further subdivided. They are also neglected in the following
interpretations.

Note: In a repeated search with a two times finer resolution in geographical longitude (1/40 deg)
another eight eclipses with four strange effects were found. However, the maximum strange effect
for the shortest one of the four was five milliseconds. As explained above, a grid search yields
qualitative but not exact quantitative results.

Note: During solar eclipses, the geocentric declination of the intersection of the shadow's axis with
the celestial sphere (the Besselian Element d) is nearly the same as the declination of the Sun.

An important condition for the characterization of the eclipses according to the number or the
combination of strange effects is the "parallelism" of the shadow movement over the Earth. During
the spring and autumn equinoxes, when the Sun is over the Earth equator, the Earth axis is tilted
by 23.5 degrees, as seen from the Sun's direction, and the declination of the Sun is 0 degrees. In
combination with the 5 degrees inclination of the lunar orbit, "parallelism" cannot be achieved.

Therefore, the most common combination of strange effects iS two giagonai » €ither NO-1/S1-0 or
N1-0/S0-1 (2978 + 2961 eclipses). These eclipses occur, when the Moon's shadow sweeps
relatively steep over the Earth. An example is shown in Figure 5 on page 12. This combination is
possible throughout the year. (Blue histogram points in Figure 3.)

About five times more rare is the combination of strange effects in two paaier position, either
N1-1/S0-0 or NO-O/ S1-1 (607 + 629 eclipses). These eclipses occur, when the Moon's shadow
sweeps approximately symmetrical or parallel to the geographical latitude over the Earth. This is
only possible in a relatively narrow time window around summer and winter solstice. At these
instants, either the North Pole or the South Pole shows toward the Sun, and the Earth's axis
appears to be approximately vertical, as seen from the Sun's direction. (Red histogram points in
Figure 3.)

Another two times more rare are solar eclipses with three strange effects. The four possible
combinations are N1-1/S1-0, N1-1/S0-1, N1-0/S1-1, NO-1/S1-1, (168 + 166 + 182 + 180
eclipses). Typically their occurrence is limited to a wider time window around the summer and
winter solstice. But there are different possibilities to create three strange effects. An example is
shown in Figure 8 on page 14. This eclipse is far away from a solstice and produces one "big"
36 sec strange effect at SO-1. The two northern effects N1-1 are produced along a very small arc
as the northern limit. (Gray histogram points in Figure 3.)

Finally, another twenty times more rare are solar eclipses with four strange effects, whose
combination is N1-1/S1-1. Of the "complete eclipses”, 30 eclipses are of this type. This
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occurrence is not only limited to a narrow time window around the summer and winter solstice, but
the value of gamma is limited to +/- 0.4 in such a way, that one of the two zero-magnitude limits is
only a little bit inside the Earth's periphery, as seen from the Sun's direction. (Black histogram
points in Figure 3.) Examples are shown in Figure 11 on page 16, Figure 14 on page 18, and
Figure 17 on page 20.

These eclipses have therefore a "long" zero-magnitude limit, with the Sun near the Zenith, and a
short one. Because the short limit is "behind" the sunny pole, the general direction of the limit goes
from East to West. But near the sunrise and sunset limits (PN1, PN2, PS1 and PS2) the direction
of the progress of the limiting curves goes from West to East for all four strange effects!

Figure 3

Distribution of the number of occurring strange effects of the complete solar eclipses. Declination is
the geocentric declination of the intersection of the shadow's axis with the celestial sphere (at
maximum eclipse) [Sei].

Does the strange effect start at the central line?

Figure 5 on page 12 shows an annular eclipse with a very prominent strange effect in the northern
part of the beginning partial eclipse. Along the southern part the strange effect does not occur, i.e.
the curves "Maximum eclipse at sunrise" and "Earliest maximum eclipse" coincide. At this scale it
is not possible to decide, where exactly the strange effect begins. In Figure 4 the region around
point C1 is zoomed, and it is shown, that the two curves start to diverge south of C1.

For this analysis, a grid search with the formulae in 817 and 8§22 of [Mee2] was performed at a
0.01 °resolution in longitude and a 0.001 mag reso lution.



¢
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Figure 4

Zoomed region of the beginning of the annular eclipse of October 23/24, -1550 TT (Figure 5). Iso-
magnitudes at a resolution of 0.01 magnitudes are plotted as fine lines; multiples of 0.05
magnitudes (5%) are plotted as thick lines and labeled at the left end, the Maximum eclipse at
sunrise. The curve "Earliest maximum eclipse" does not start to diverge from the curve "Maximum
eclipse at sunrise" at C1, but in its neighborhood.

For the moment, the answer is "no" the strange effect does not start at the center line, but the
guestion needs a more detailed investigation.

Conclusion

For the moment, the presented calculations are only nearly perfect. Rewriting the search algorithm
(no grid search) will refine the distribution of the eclipses. However, only tiny changes in
millisecond ranges are to be expected.

If all these calculations are done not only on the limiting curve, but at a very small magnitude
(2 millimagnitude?), we will get information, whether the maximum strange effect occurs on the
limiting curve or not.
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All eclipses: 28'505 All eclipses: 100.00 %

N-.- NO-O N1-0 NO-1 N1-1 N-.- NO-O N1-0 NO-1 N1-1
S-.- 9 1339 4032 4004 861 S-- 003 470 14.14 1405 3.02
S0-0 1309 9 50 39 607 SO0-0 459 0.03 0.18 0.14 2.13
S1-0 3997 44 2 2978 168 S1-0 14.02 0.15 0.01 10.45 0.59
S0-1 4005 39 2961 3 166 SO0-1 14.05 0.14 1039 0.01 0.58
S1-1 862 629 182 180 30 S1-1 3.02 221 064 063 0.11
Partial eclipses: 10 '074 Partial eclipses: 35.34 %
N-- NO-O NI1-0 NO-1 N1-1 N-- NO-O NI1-0 NO-1 N1-1
S-.- 9 633 2086 2072 237 S-- 003 222 732 727 0.83
S0-0 639 - - - - S0-0 2.24 - - - -
S1-0 2053 - - - - S1-0 7.20 - - - -
S0-1 2101 - - - - S0-1  7.37 - - - -
S1-1 244 - - - - S1-1 0.86 - - - -
Total eclipses: 7556 Total eclipses: 26.51 %
N-- NO-O NI1-0 NO-1 Ni1-1 N-- NO-O NI1-0 NO-1 NI1-1
S-.- - 300 746 784 201 S-.- - 105 262 275 071
S0-0 239 3 15 19 212 S0-0 084 0.01 0.05 0.07 0.74
S1-0 818 25 - 1300 70 S1-0 2.87 0.09 - 456 0.25
S0-1 758 16 1273 - 68 S0-1 266 0.06 447 - 024
S1-1 258 271 85 83 12 S1-1 091 0.95 030 0.29 0.04
Annular eclipses: 9288 Annular eclipses: 32.58 %
N-- NO-O NI1-0 NO-1 Ni1-1 N-- NO-O NI1-0 NO-1 NI1-1
S-.- - 355 1025 999 374 S-.- - 125 360 350 131
S0-0 368 5 31 19 335 S0-0 129 0.02 0.11 0.07 1.18
S1-0 953 17 1 1409 82 S1-0 334 0.06 000 494 0.29
S0-1 984 19 1428 2 88 S0-1 345 0.07 501 001 0.31
S1-1 316 302 81 79 16 S1-1 111 106 0.28 0.28 0.06
Hybrid eclipses: 1367 Hybrid eclipses: 4.80 %
N-- NO-O NI1-0 NO-1 Ni-1 N-- NO-O N1-0 NO-1 Ni1-1
S-.-- - 34 125 110 36 S-.- - 012 044 039 0.13
S0-0 47 1 4 1 60 S0-0 0.16 0.00 0.01 0.00 0.21
S1-0 130 2 1 269 16 S1-0 046 0.01 0.00 094 0.06
S0-1 129 4 260 1 10 S0-1 045 0.01 091 0.00 0.04
S1-1 35 56 16 18 2 S1-1 0.12 0.20 0.06 0.06 0.01
Non-central total eclipses: 62 Non-central total eclipses: 0.22 %
N-- NO-O NI1-0 NO-1 Ni-1 N-- NO-O N1-0 NO-1 Ni1-1
S-.- - 7 13 14 3 S-.- - 002 005 005 0.01
S0-0 4 - - - - S0-0 0.01 - - - -
S1-0 9 - - - - S1-0 0.03 - - - -
S0-1 11 - - - - S0-1 0.04 - - - -
S1-1 1 - - - - S1-1  0.00 - - - -
Non-central annular eclipses: 158 Non-central annul ar eclipses: 0.55 %
N-- NO-O NI1-0 NO-1 N1-1 N-- NO-O N1-0 NO-1 N1-1
S-.- - 10 37 25 10 S-.- - 004 013 0.09 0.04
S0-0 12 - - - - S0-0 0.04 - - - -
S1-0 34 - - - - S1-0 0.12 - - - -
S0-1 22 - - - - S0-1 0.08 - - - -
S1-1 8 - - - - S1-1 0.03 - - - -

Table 2  Distribution of the 28'505 solar eclipsesi  n the -4999 to 7000 time interval
according to the occurrence of the strange effect along the northern and southern zero-magnitude
limiting curve.



All eclipses: 11'901

All eclipses: 100.00 %

N-.- NO-O N1-0 NO-1 N1-1 N-.- NO-O N1-0 NO-1 N1-1
S-.- 3 564 1687 1690 359 S-- 003 474 1418 1420 3.02
S0-0 545 4 18 14 249 S0-0 458 0.03 0.15 0.12 2.09
S1-0 1675 24 1 1240 65 S1-0 14.07 0.20 0.01 1042 0.55
S0-1 1671 16 1220 1 66 SO0-1 14.04 0.13 10.25 0.01 0.55
S1-1 362 268 75 71 13 S1-1 3.04 225 0.63 060 0.11
Partial eclipses: 4203 Partial eclipses: 35.3 2 %
N-- NO-O N1-0 NO-1 Ni1-1 N-- NO-O N1-0 NO-1 Ni1-1
S-.- 3 264 871 872 94 S-- 003 222 732 733 0.79
S0-0 264 - - - - S0-0 2.22 - - - -
S1-0 858 - - - - S1-0 7.21 - - - -
S0-1 872 - - - - S0-1  7.33 - - - -
Si1-1 105 - - - - S1-1 0.88 - - - -
Total eclipses: 3147 Total eclipses: 26. 44 %
N-- NO-O N1-0 NO-1 Ni-1 N-- NO-O N1-0 NO-1 Ni-1
S-.- - 137 302 330 74 S-.- - 115 254 277 0.62
S0-0 97 1 4 6 78 S0-0 0.82 0.01 0.03 0.05 0.66
S1-0 356 14 - 557 29 S1-0 299 0.12 - 468 0.24
SO0-1 307 5 514 - 27 S0-1 258 0.04 4.32 - 0.23
S1-1 113 125 35 31 5 S1-1 095 1.05 0.29 0.26 0.04
Annular eclipses: 3889 Annular eclipses : 32.68 %
N-- NO-O N1-0 NO-1 Ni1-1 N-- NO-O N1-0 NO-1 Ni1-1
S-- - 146 436 419 167 S-.- - 123 366 352 1.40
S0-0 153 2 12 8 147 S0-0 129 0.02 010 0.07 124
S1-0 392 9 1 571 31 S1-0 329 0.08 0.01 480 0.26
SO0-1 425 9 597 - 36 SO0-1 357 0.08 5.02 - 0.30
S1-1 131 120 36 34 7 S1-1 110 1.01 0.30 0.29 0.06
Hybrid eclipses: 568 Hybrid eclipses: 4. 77 %
N-- NO-O N1-0 NO-1 Ni1-1 N-- NO-O N1-0 NO-1 Ni1-1
S-.- - 11 58 48 20 S-.- - 009 049 040 0.17
S0-0 22 1 2 - 24 S0-0 0.18 0.01 0.02 - 0.20
S1-0 50 1 - 112 5 S1-0 042 0.01 - 094 0.04
S0-1 54 2 109 1 3 S0-1 045 002 092 0.01 0.03
Si1-1 11 23 4 6 1 Si1-1 0.09 019 0.03 0.05 0.01
Non-central total eclipses: 27 Non-central total eclipses: 0.2 3%
N-- NO-O N1-0 NO-1 Ni1-1 N-- NO-O N1-0 NO-1 Ni-1
S-- - 2 6 9 - S-.- - 002 005 0.08 -
S0-0 - - - - - S0-0 - - - - -
S1-0 5 - - - - S1-0 0.04 - - - -
S0-1 5 - - - - S0-1 0.04 - - - -
S1-1 - - - - - Si1-1 - - - - -
Non-central annular eclipses: 67 Non-central annular eclipses: 0.5 6 %
N-- NO-O NI1-0 NO-1 Ni1-1 N-- NO-O N1-0 NO-1 Ni1-1
S-.- - 4 14 12 4 S-.- - 003 012 010 0.03
S0-0 9 - - - - S0-0 0.08 - - - -
S1-0 14 - - - - S1-0 0.12 - - - -
S0-1 8 - - - - S0-1 0.07 - - - -
S1-1 2 - - - - S1-1 0.02 - - - -
Table 3  Distribution of the 11'901 solar eclipsesi  n the -1999 to 3000 time interval

according to the occurrence of the strange effect along the northern and southern zero-magnitude
limiting curve.
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Annular solar eclipses producing 4 StEf's

Year Month Day  Gamma N1-x Nx-1 S1-x  Sx-1
(Erad) (s) (s) (s) (s)
634 06 01 0.42449 -0.05 0.31 -10.13 5.13
-2689 01 24 -0.42134 -9.99 9.84 -0.36 0.39
-2568 12 27 -0.43195 -7.85 6.50 -0.36 0.34
-781 12 10 -0.42282 -10.95 4.65 -0.12 0.37
-763 12 21 -0.42826 -4.89 11.73 -0.69 0.27
903 01 01 -0.40327 -8.34 12.46 -0.23 0.06
6804 01 01 -0.42992 -10.61 6.70 -0.61 0.83 Map shown

Hybrid solar eclipses producing 4 StEf's
Year Month Day Gamma N1-x Nx-1 Sl-x Sx-1
(Erad) (s) (s) (s) (s)
1527 11 23  -0.44216 -8.19 2.96 -0.26  0.69  Mapshown

Total solar eclipses producing 4 StEf's

Year Month Day Gamma N1-x Nx-1 S1-x Sx-1
(Erad) (s) (s) (s) (s)
-4830 08 19 0.43884 -0.35 0.08 -2.86 6.75
-2186 07 08 0.45794 -0.24 0.24 -14.18 0.40
5380 06 08 0.45962 -0.60 0.54 -2.78 5.93 Map shown
5883 06 02 0.43229 -0.06 0.18 -5.36 3.42
-1535 01 15 -0.43050 -5.23 4.76 -0.08 0.12

Table 4  List of the solar eclipses producing four strange effects

The table contains the solar eclipses from -4999 to 7000 producing four strange effects > 0.05 sec.
The eclipses are grouped according to their gamma value, and then ordered in time. The bolded
values are based on a 1/80 deg grid search.
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Figure 5 A solar eclipse with two  strange effects : ASE of October 23/24, -1550 TT
One of the most prominent strange effects occurred during the annular solar eclipse of October
23/24, -1550 TT along the northern limit of the partial eclipse. Zero-magnitude eclipse maximum at

point PNO occurred about 105 seconds earlier than at point PN1 and PN1'.
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Figure 6  Strange effects of the annular solar eclipse of October 23/24, -15 50 TT

The strange effect near PN1 along the northern limit of the partial eclipse (top left) and near PS2
along the southern limit of the partial phase of the annular solar eclipse of October 23/24,
-1550 TT. There is no strange effect near PN2 and PS1.
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Figure 7 FInspektor view of the annular solar eclip  se of October 23/24, -1550 TT
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Annular Solar Eclipse of August 29, 2668

Figure 8 A solar eclipse with three  strange effects : ASE of August 29, 2668
Stereographic projection of the annular solar eclipse of August 29, 2668. The dotted lines
represent iso-magnitudes (20%, 40%, 60%, 80%; top chart; 2%, 4%, 6%, ...; bottom chart). The
points P2 and P3 in the upper gap of the blue lobes and the blue lobes in the bottom chart are
omitted for clarity.
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Figure 9  Strange effects of the annular solar eclipse of August 29, 2668
Strange effect along the northern (top) and southern (bottom) limit of the partial phase of the
annular solar eclipse of August 29, 2668.

Figure 10 FInspektor view of the annular solar ecli  pse of August 29, 2668
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Figure 11 A solar eclipse with four  strange effects : ASE of January 1, 6804 TT

Stereographic projection of the annular solar eclipse of January 1, 6804 TT. The dotted lines
represent iso-magnitudes (20%, 40%, 60%, 80%; top chart; 2%, 4%, 6% ...bottom chart). The
points P2 and P3 in the lower gap of the blue lobes are omitted for clarity.
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Figure 12 Strange effects of the annular solar eclipse of January 1, 6804 TT
Strange effect along the northern (top) and southern (bottom) limit of the partial phase of the
annular solar eclipse of January 1, 6804 TT.

Figure 13 FInspektor view of the annular solar ecli  pse of January 1, 6804 TT
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Figure 14 A solar eclipse with four strange effects : TSE of June 8/9,5380 TT

Stereographic projection of the total solar eclipse of June 8/9, 5380 TT. The dotted lines represent
iso-magnitudes (20%, 40%, 60%, 80%; top chart; 2%, 4%, 6% ...bottom chart). The points P2 and
P3 in the upper gap of the blue lobes are omitted for clarity.
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Figure 15 Strange effects of the total solar eclipse of June 8/9, 5380 TT
Strange effect along the northern (top) and southern (bottom) limit of the partial phase of the total
solar eclipse of June 8/9, 5380 TT.

Figure 16 FInspektor view of the total solar eclips e of June 8/9, 5380 TT
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Figure 17 A solar eclipse with four  strange effects : HSE of November 23, 1527

Stereographic projection of the hybrid solar eclipse of November 23, 1527. The dotted lines
represent iso-magnitudes (20%, 40%, 60%, 80%; top chart; 2%, 4%, 6% ...bottom chart). The
points P2 and P3 in the lower gap of the blue lobes are omitted for clarity.
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Figure 18 Strange effects of the hybrid solar eclipse of November 23, 1527
Strange effect along the northern (top) and southern (bottom) limit of the partial phase of the hybrid
solar eclipse of November 23, 1527.

Figure 19 FlInspektor view of the hybrid solar eclip  se of November 23, 1527
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Data source

The data source of the solar eclipses discussed here are the Besselian elements that are used in
my Solar eclipse inspecting software Finspektor [Nuf2]. The Besselian elements were computed
from data of a numerical integration of the solar system over a time span of twelve millennia (from
-4999 to +7000) by means of the program Solex91 [Vit]. Positions and distances of the Sun and
Moon were computed with a uniformly spaced time interval in 24 runs over 500 years with a step
size of 90 minutes. The integration method DE406 [Sta] was used with a value of -25.858
arcsecs/century” for the secular acceleration of the Moon. The Besselian elements in polynomial
form were then derived from least-square fits to the elements from five data points around the
greatest eclipse. In the time span from -4999 to +7000 28’505 solar eclipses were found to occur.

Abbreviations

BMCSE Five Millennium Catalog of solar n.l.o.p.e. Northern limit of partial eclipse
eclipses [EspMee] S seconds Annular solar eclipse

ASE Annular solar eclipse s.l.o.p.e. Southern limit of partial eclipse

(A)SE Non-central annular solar eclipse StEf strange effect [Mee]

C1 Begin of central eclipse TSE Total solar eclipse

C2 End of central eclipse (T)SE  Non-central total solar eclipse

Erad Equatorial Earth radii TT Terrestrial Time

HSE Hybrid (annular-total) solar eclipse
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