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allenge

oduce lists
f ALL
*Partial
*Annular
*Total eclipses
For ALL
countries
*From -1999
To +3000

How???




aturalearthdata.com

Vector Data

Sovereign States Greenland part of Denmark

Countries France includes some territories
Map Units Australia includes remote island
Map SubUnits USA = 48 states + Hawaii + Alaska

States/Provinces In most cases too much data




France = Mainland France, Corsica, French Guyana, Caribbean, Indian Ocean.




©
S

Mainland France and Corsi

France




5 layers of data = Country border, lakes, rivers, roads and built-up areas
Country border is key




1201 pairs of border points in NEV10m — there are some “large” gaps
Can find local circumstances for EACH border point
Eclipse Y/N, type, magnitude — hence max eclipse on country border




oint of fax
eclipse inside
country?




“For an
eclipse
a whole lie

Track of totality crosses
Romania

-Romania sees a total eclipse
- Point of maximum for the
eclipse as a whole (August
1999) actually lies inside
Romania

Track of totality lies outside
Romania

-Romania sees a partial eclipse
-Max eclipse visible in
Romania must lie on the
border

um
ipse as

Track of totality crosses
Romania

- Romania sees a total
eclipse

Max eclipse visible in
Romania must lie on the
border




Ec

Nat
— 29
— 55
— 11898
— 6.58 billion

— Note — some specic
* Not yet fully handled

L 8



* 8 total eclipses exceed 6minutes duration in USA

e 2045 August 12t total 6m 6sec
— 12 lunations after 2044 Aug 23" total eclipse



1433 June 17t -1763 October 8th
Total in 39 countries Annular in 53 countries



Total eclipse 1600 July 10th Annular eclipse 410 June 18t
212 countries 210 countries

Total in 11 countries Annular in 11 countries
Partial in 201 countries Partial in 199 countries



Total Eclip
Country

- 3171 pure total

- 571 hybrid eclipses in
5000 years

Country

Russia

United States of America
Brazil

China

Canada

Australia

Antarctica

India

Chile

Indonesia

Argentina

Japan

Democratic Republic of the Congo
Mexico

Kazakhstan

Algeria
Colombia

Sudan
Peru
Saudi Arabia

|E| #iTotal

=
634
617
495
459
447
427
392
355
347
321
302
256
245
241
213
213
213
207
196
195



A | B D

AnnUIar EC Country '~ |#Annular |~ #Total ~]

United States of America 723

by Cou ntry | Russia 698

Antarctica 567

-3956 pure annular Brazil 546
Australia 510

-571 hybrld in 5000 Canada 490
China 489
Chile

India 402
Indonesia

years

Argentina

Japan

Demaocratic Republic of the Congo
Mexico

Peru

Kazakhstan

Algeria

French Polynesia

Myanmar

Mozambigque




— Hybrid ecli
— Totality 3 seconds

* Use binary search to find point of greatest
eclipse on boundary



border
e Amount of detail

in digital mapping
can change the
type or duration




olly

Africa
Point in

1try” algorithm
mplementation

returns correct country
name!




Total eclipse 2310 May 29t (5m 10sec) misses all Pacific islands



Longest 6m 6s in 222 July Next eclipse 2m 28s in 2057 Jan 5th

74 total agueous eclipses in 5000 years




Longest 10m 44s in -249 November Next eclipse 22s in 2032 May 9th

97 annular agueous eclipses in 5000 years



Gap to 2017













Smallest possible gap between annulars
4 such pairs in 5 millenia Canon
Pair in -1461 overlap on land



77 lunations is longest gap in 5 millenia Canon and longest gap in 26000 year Canon
12 consecutive total or annular eclipses
Mentioned in Meeus “Elements of Solar Eclipses”



Shc es
 Jeclipsetype  [unations |

Solar Partial 1

Pure Annular 5

Pure Total 11
Annular and hybrid 5

Total and hybrid 6
Hybrid 6
Partial Penumbral 1
Total Penumbral

Partial Umbral

Total Umbral
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Australia 2012 — classic case Kiribati adjustment January 1t 1995

Crossed the date-line once Theoretically possible to cross date-line
Go west = add one day several times!

Go east =subtract one day Rob van Gent pages on web







— The hid
* Tying up the loose e



* 223 lun:

Moon’s orbital cycle

Number of periods

Length in days

Synodic month 29.530589 223 6585.3223
- (new moon to new moon)

Anomalistic month 27.554550 239 6585.5375

— (perigee to perigee)

Draconic month 27.212221 242 6585.3575
- (node to node)

approximately 18years 11days 8 hours



1639 1 4

All Edipse Grid | Countries by Edipse | Edipses by Place | Edipses by Year | User Data

Drag a column header here to group by that column
Sol

Mo Da |ar/

nth'y |Lun

Py
Duration M

Ty
Typel pe Gamma
2

i
115 s [rorta o (15651 o005 ooom 0005 0]

Magnitu
de

1657
1675
1693
1711
1729
1747
1765
1783
1801

14 Solar Partial
25 Solar Partial
5 Solar Partial
17 Solar Partial
27 Solar Partial
11 Solar Partial
21 Solar Partial
1 Solar Partial
13 Solar Partial
1819 24 Solar Partial
1837 4 Solar Partial

1 1.5547 0.0171 000m 00.0s 0.
1
2
2
2
3
3
4
4
4
5
1855 5 16 Solar Fartial
5
6
6
6
7
7
7
8
8
9
9
9

1.5434 0.0346 000m 00.0s
1.5276 0.0597  000m 00.0s
1.5077 0.0919 000m 00.0s
1.4817  0.1347  000m 00.0s
1.4504 0.1872 000m 00.0s
1.4120 0.2525 000m 00.0s
1.3671 0.3300 000m 00.0s
1.3152 0.4208 000m 00.0s
1.2579 0.5225 000m 00.0s
1.1934 0.6381 000m 00.0s
1.1249 0.7624 000m 00.0s
1.0513 0.8971 000m 00.0s
0.9755 0.9930 000m 06.55
0.8957 1.0064 000m 23.5s
0.8163 1.0127  000m 49.8s
0.7356 1.0180 001m 15.2s
0.6571 1.0223 001m 39.5s

0

0

0

0

0

0

0

0

0

0

0

1873 26 Solar Partial 0
0
0
0
0
0
0.5792 1.0258 002m 02.2s 0.
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

1891 6 Solar Annular
1909 17 Solar Hybrid
1927 29 Solar Total
1945 9  Solar Total
1963 20 Solar Total
1981 31 Solar Total
1999 11 Solar Total
2017 21 Solar Total
2035 2 Solar Total
2053 12 Solar Total
2071 23 Solar Total
2089 4 Solar Total
2107 16 Solar Total
2125 26 Solar Total
2143 7 Solar Total
2161 17 Solar Total
2179 28 Solar Total
2197 9  Solar Total
2215 21 Solar Total
2233 31 Solar Total
2252 1 12 Solar Total
2270 1 22 Solar Total
2288 2 2 Solar Total

0.5062 1.0286 002m 22.7s
0.4367  1.0306 002m 39.95
0.3727 1.0320 002m 54.0s
0.3140 1.0328 003m 03.85
0.2620 1.0333 003m 10.6s
0.2167 1.0333 003m 13.9s
0.1778 1.0332  003m 15.3s
0.1461 1.0329 003m 14.8s
0.1206 1.0326 003m 13.95
0.1012 1.0325 003m 12.8s
0.0867  1.0325 003m 12.25
0.0768 1.0329 003m 12.55
0.0701 1.0336 003m 14.3s
0.0642 1.0348 003m 17.55
0.0607 1.0365 003m 22.65
0.0560 1.0385 003m 29.3s
0.0492 1.0411 003m 38.3s

R e e e e e e e e e s e e BN N NN NN NG WL WL W W e o oo o

><| W] (Solar/Lunar = Solar) and (Saras = 145) Customize...

4 m




1657 1 14

All Edipse Grid | Countries by Edipse | Edipses by Place | Edipses by Year | User Data

Drag a column header here to group by that column

Sol
Mo Da |ar/
nth'y |Lun

Py
Duration M
d

1639 1 4 Solar Partial 6 1.5651 0.0009 000m 00.0s 0.
165711 Bl soar [Partial 6 _11.55¢7 100171 _[000m 00.0s o]
1675 1 25 Solar Partial 6 1.5434 0.0346 000m 00.0s 0.
1693 5 Solar Partial 6 1.5276 0.0597  000m 00.0s 0.
1711 17 Solar Partial 6 1.5077 0.0919 000m 00.0s 0.
1729 27 Solar Partial 6 1.4817  0.1347  000m 00.0s O
1747 11 Solar Partial 6 1.4504 0.1872 000m 00.0s 0.
1765 21 Solar Partial 3 1.4120 0.2525 000m 00.0s 0.
1783 1  Solar Partiall 3 1.3671 0.3300 000m 00.0s 0.
1801 13 Solar Partial 3 1.3152 0.4208 000m 00.0s 0.
1819 24 Solar Partial 3 1.2579 0.5225 000m 00.0s 0.
1837 4 Solar Partial 3 1.1934 0.6381 000m 00.0s 0.
1855 16 Solar Partial 3 1.1249 0.7624 000m 00.0s 0.
1873 26 Solar Partial 3 1.0513 0.8971 000m 00.0s 0.
1891 2 0.9735 0.9930 000m 06.55 0.
1909 2 0.8957 1.0064 000m 23.5s 0.
1927 2 0.8163 1.0127  000m 49.8s 0O
1945 9 Solar Total 2 0.7356 1.0180 001m 15.25 0.
1963 20 Solar Total 2 0.6571 1.0223 001m 39.5s 0.
1981 31 Solar Total 2 0.5792  1.0258 002m 02.25 0.
1999 11 Solar Total 2 0.5062 1.0286 002m 22.7s 0.
4 0
1 0
1 0
1 0
1 0
1 0
1 0
1 0
1 0
1 0
1 0
1 0
1 0
1 0
1 0
1 0

vear Magnitu
de

Ty
Typel pe Gamma
2

6 Solar Annular
17 Solar Hybrid
29 Solar Total

2017 21 Solar Total 0.4367  1.0306 002m 39.95
2035 2 Solar Total 0.3727 1.0320 002m 54.0s
2053 12 Solar Total 0.3140 1.0328 003m 03.85
2071 23 Solar Total 0.2620 1.0333 003m 10.6s
2089 4 Solar Total 0.2167 1.0333 003m 13.9s
2107 16 Solar Total 0.1778 1.0332  003m 15.3s
2125 26 Solar Total 0.1461 1.0329 003m 14.8s
2143 7 Solar Total 0.1206 1.0326 003m 13.95
2161 17 Solar Total 0.1012 1.0325 003m 12.8s
2179 28 Solar Total 0.0867  1.0325 003m 12.25
2197 9  Solar Total 0.0768 1.0329 003m 12.55
2215 21 Solar Total 0.0701 1.0336 003m 14.3s
2233 31 Solar Total 0.0642 1.0348 003m 17.55
2252 1 12 Solar Total 0.0607 1.0365 003m 22.65
2270 1 22 Solar Total 0.0560 1.0385 003m 29.3s
2288 2 2 Solar Total 0.0492 1.0411 003m 38.3s

[ - N N R L R A BT T N N N ORI F RN

><| W] (Solar/Lunar = Solar) and (Saras = 145) Customize...

4 m




1675 1 25

All Edipse Grid | Countries by Edipse | Edipses by Place | Edipses by Year | User Data

Drag a column header here to group by that column

Sol Ty
Mo Da |ar/ Magnitu
nth'y |Lun f¥est ge &

Py
Duration M
d

6 1.5651 0.0009 000m 00.0s 0.
6 1.5547 0.0171 000m 00.0s 0.
615424 o335 Jooom 00z o]
6 1.5276 0.0597 000m 00.0s 0.
6 1.5077 0.0919 000m 00.0s
6 1.4817 0.1347 000m 00.0s
6 1.4504 0.1872 000m 00.0s
3 14120 0.2525 000m 00.0s
3 13671 0.3300 000m 00.0s
3 1.3152 0.4208 000m 00.0s
3 1.2579 0.5225 000m 00.0s
3 11934 0.6381 000m 00.0s
16 Solar Partial 3 1.1249 0.7624 000m 00.0s
26 Solar Partial 3 1.0513 0.8971 000m 00.0s
6 Solar Annular 2 0.9755 0.9980 000m 06.55

2

2

2

2

2

2

4

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

Year

1639 1 4  Solar Partial
1657 1 14 Solar Partial
1693 2 5  Solar Fartial
1711
1729
1747
1765
1783
1801
1819
1837
1855
1873
1801
1909
1927
1945
1963
1981
1999
2017
2035

17 Solar Partial
27 Solar Partial
11 Solar Partial
21 Solar Partial
1 Solar Partial
13 Solar Partial
24 Solar Partial
4 Solar Partial

17 Solar Hybrid 0.8957  1.0064 000m 23.55
29 Solar Total
9  Solar Total
20 Solar Total
31 Solar Total
11 Solar Total
21 Solar Total
2 Solar Total
2053 12 Solar Total
2071 23 Solar Total
2089 4  Solar Total
2107 16 Solar Total
2125 26 Solar Total
2143 7 Solar Total
2161 17 Solar Total
2179 28 Solar Total
2197 9 Solar Total
2215 21 Solar Total
2233 31 Solar Total
2252 1 12 Solar Total
2270 1 22 Solar Total
2288 2 2 Solar Total

0
0
0
0
0
0
0
0
0
0
0
0
0.8163 1.0127  000m 49.8s 0O
0.7356 1.0180 001m 15.25 0.
0.6571 1.0223 001m 39.5s 0.
0.5792  1.0258 002m 02.25 0.
0.5062 1.0286 002m 22.7s 0.
0.4367  1.0306 002m 39.95 0.
0.3727 1.0320 002m 54.0s 0.
0.3140 1.0328 003m 03.85 0.
0.2620 1.0333 003m 10.6s 0.
0.2167 1.0333 003m 13.9s 0.
0.1778 1.0332  003m 15.35 0
0.1461 1.0329 003m 14.8s 0.
0.1206 1.0326 003m 13.95 0.
0.1012 1.0325 003m 12.8s 0.
0.0867  1.0325 003m 12.25 0.
0.0768 1.0329 003m 12.5s 0.
0.0701 1.0336 003m 14.3s 0.
0.0642 1.0348 003m 17.55 0.
0.0607 1.0365 003m 22.65 0.
0.0560 1.0385 003m 29.35 0.
0.0492 1.0411 003m 38.3s 0.

R R R = R RN R = == T T R N N R RN )

><| W] (Solar/Lunar = Solar) and (Saras = 145) Customize...

4 m




1999 8 11

All Edipse Grid | Countries by Edipse | Edipses by Place | Edipses by Year | User Data

Drag a column header here to group by that column
Sol T
Mo Da |ar/ Y Magnitu
de

Year nth'y |Lun Typel pe Gamma Duration

4 Solar Partial
14 Solar Partial
25 Solar Partial
5 Solar Partial
17 Solar Partial
27 Solar Partial
11 Solar Partial
21 Solar Partial
1 Solar Partial
13 Solar Partial

1 1.5651 0.0009 000m 00.0s
1
1
2
2
2
3
3
4
4
4 24 Solar Fartial
5
5
5
6
6
6
7
7
7
8

1.5547  0.0171 000m 00.0s
1.5434 0.0346 000m 00.0s
1.5276 0.0597  000m 00.0s
1.5077 0.0919 000m 00.0s
1.4817  0.1347  000m 00.0s
1.4504 0.1872 000m 00.0s
1.4120 0.2525 000m 00.0s
1.3671 0.3300 000m 00.0s
1.3152 0.4208 000m 00.0s
1.2579 0.5225 000m 00.0s

16 Solar Partial
26 Solar Partial
6 Solar Annular
17 Solar Hybrid
29 Solar Total
9  Solar Total
20 Solar Total

1.1249 0.7624 000m 00.0s
1.0513 0.8971 000m 00.0s
0.9755 0.9980 000m 06.55
0.8957 1.0064 000m 23.5s
0.8163 1.0127 000m 49.85
0.7356 1.0180 001m 15.25
0.6571 1.0223 001m 39.5s
31 Solar Total 0.5792 1.0258 002m 02.25 0.
2017 21 Solar Total 4 0.4367 1.0306 002m 39.95
2035 2 Solar Total 1 0.3727 1.0320 002m 54.0s
2053 12 Solar Total 1 0.3140 1.0328 003m 03.85
2071 23 Solar Total 1 0.2620 1.0333 003m 10.6s
2089 4 Solar Total 1 0.2167 1.0333 003m 13.9s
2107 16 Solar Total 1 01778 1.0332 003m 15.35
2125 26 Solar Total 1 0.1461 1.0329 003m 14.8s
2143 7 Solar Total 1 0.1206 1.0326 003m 13.95
1
1
1
1
1
1
1
1

6
6
6
6
6
6
6
3
3
3
3
4 Solar Partial 3 1.1934 0.6381 000m 00.0s
3
3
2
2
2
2
2
2
2

2161 17 Solar Total 0.1012 1.0325 003m 12.8s
2179 28 Solar Total 0.0867  1.0325 003m 12.25
2197 9  Solar Total 0.0768 1.0329 003m 12.55
2215 21 Solar Total 0.0701 1.0336 003m 14.3s
2233 31 Solar Total 0.0642 1.0348 003m 17.55
2252 1 12 Solar Total 0.0607 1.0365 003m 22.65
2270 1 22 Solar Total 0.0560 1.0385 003m 29.3s
2288 2 2 Solar Total 0.0492 1.0411 003m 38.3s

><| W] (Solar/Lunar = Solar) and (Saras = 145) Customize...

4 m




2017 8 21

All Edipse Grid | Countries by Edipse | Edipses by Place | Edipses by Year | User Data

Drag a column header here to group by that column
Sol T
Mo Da |ar/ Y Magnitu
de

Year nth'y |Lun Typel pe Gamma Duration

1639
1657
1675
1693
1711
1729
1747
1765
1783
1801

4 Solar Partial
14 Solar Partial
25 Solar Partial
5 Solar Partial
17 Solar Partial
27 Solar Partial
11 Solar Partial
21 Solar Partial
1 Solar Partial
13 Solar Partial

6 1.5651 0.0009 000m 00.0s

6 1.5547 0.0171 000m 00.0s

6 1.5434 0.0346 000m 00.0s

6 1.5276 0.0597  000m 00.0s

6 1.5077 0.0919 000m 00.0s

6 1.4817 0.1347  000m 00.0s

6 1.4504 0.1872 000m 00.0s

3 14120 0.2525 000m 00.0s

3 13671 0.3300 000m 00.0s

3 1.3152 0.4208 000m 00.0s

3 1.2579 0.5225 000m 00.0s

1837 4 Solar Partial 3 1.1934 0.6381 000m 00.0s
1855 3
1873 3
1891 2
1909 2
1927 2
1945 2
1963 2
1981 2
2

16 Solar Partial 1.1249 0.7624 000m 00.0s
26 Solar Partial 1.0513 0.8971 000m 00.0s
6 Solar Annular 0.9755 0.9980 000m 06.55
17 Solar Hybrid 0.8957  1.0064 000m 23.55
29 Solar Total 0.8163 1.0127 000m 49.8s5
9  Solar Total 0.7356 1.0180 00im 15.2s
20 Solar Total 0.6571 1.0223 001m 39.5s
31 Solar Total 0.5792 1.0258 002m 02.2s
1999 11 Solar Total 0.5062 1.0286 002m 22.7s 0.
2 5ol )
2035 9 2 Solar Total 1 0.3727 1.0320 002m 54.0s
2053 9 12 Solar Total 1 0.3140 1.0328 003m 03.8s
2071 9 23 Solar Total 1 0.2620 1.0333 003m 10.6s
2089 4 Solar Total 1 0.2167 1.0333 003m 13.9s
2107 16 Solar Total 1 0.1778 1.0332 003m 15.3s
2125 26 Solar Total 1 0.1461 1.0329 003m 14.8s
2143 7 Solar Total 1 0.1206 1.0326 003m 13.9s
2161 17 Solar Total 1 0.1012 1.0325 003m 12.8s

1

1

1

1

1

1

1

1
1
1
2
2
2
3
3
4
4
1819 4 24 Solar Fartial
5
5
5
6
6
6
7
7
7
8

2179 28 Solar Total 0.0867  1.0325 003m 12.25
2197 9  Solar Total 0.0768 1.0329 003m 12.55
2215 21 Solar Total 0.0701 1.0336 003m 14.3s
2233 31 Solar Total 0.0642 1.0348 003m 17.55
2252 1 12 Solar Total 0.0607 1.0365 003m 22.65
2270 1 22 Solar Total 0.0560 1.0385 003m 29.3s
2288 2 2 Solar Total 0.0492 1.0411 003m 38.3s

><| W] (Solar/Lunar = Solar) and (Saras = 145) Customize...

4 m




2035 9 2

All Edipse Grid | Countries by Edipse | Edipses by Place | Edipses by Year | User Data

Drag a column header here to group by that column
Sol T
Mo Da |ar/ Y Magnitu
de

nth'y |Lun Typel pe Gamma Duration

4 Solar Partial
14 Solar Partial
25 Solar Partial
5 Solar Partial
17 Solar Partial
27 Solar Partial
11 Solar Partial
21 Solar Partial
1 Solar Partial
13 Solar Partial
24 Solar Partial
4 Solar Partial

1.5651 0.0009 000m 00.0s
1.5547  0.0171 000m 00.0s
1.5434 0.0346 000m 00.0s
1.5276 0.0597  000m 00.0s
1.5077 0.0919 000m 00.0s
1.4817  0.1347  000m 00.0s
1.4504 0.1872 000m 00.0s
1.4120 0.2525 000m 00.0s
1.3671 0.3300 000m 00.0s
1.3152 0.4208 000m 00.0s
1.2579 0.5225 000m 00.0s
1.1934 0.6381 000m 00.0s

26 Solar Partial
6 Solar Annular
17 Solar Hybrid
29 Solar Total
9  Solar Total
20 Solar Total
Solar Total

1.0513 0.8971 000m 00.0s
0.9755 0.9980 000m 06.55
0.8957 1.0064 000m 23.5s
0.8163 1.0127 000m 49.85
0.7356 1.0180 001m 15.25
0.6571 1.0223 001m 39.5s
0.5792 1.0258 002m 02.25
11 Solar Total 0.5062 1.0286 002m 22.7s
21 Solar Total 0.4367 1.0306 002m 39.95 0.
2053 12 Solar Total 1 0.3140 1.0328 003m 03.85
2071 23 Solar Total 1 0.2620 1.0333 003m 10.6s
2089 Solar Total 1 0.2167 1.0333 003m 13.9s
2107 16 Solar Total 1 01778 1.0332 003m 15.35
2125 26 Solar Total 1 0.1461 1.0329 003m 14.8s
2143 7 Solar Total 1 0.1206 1.0326 003m 13.95
2161 17 Solar Total 1 0.1012 1.0325 003m 12.8s
2179 28 Solar Total 1 0.0867 1.0325 003m 12.25

1

1

1

1

1

1

@ m N NN O e AR R W LN NN e e

6
6
6
6
6
6
6
3
3
3
3
3
16 Solar Partial 3 1.1249 0.7624 000m 00.0s
3
2
2
2
2
2
2
2
4

2197 9  Solar Total 0.0768 1.0329 003m 12.55
2215 21 Solar Total 0.0701 1.0336 003m 14.3s
2233 31 Solar Total 0.0642 1.0348 003m 17.55
2252 1 12 Solar Total 0.0607 1.0365 003m 22.65
2270 1 22 Solar Total 0.0560 1.0385 003m 29.3s
2288 2 2 Solar Total 0.0492 1.0411 003m 38.3s

><| W] (Solar/Lunar = Solar) and (Saras = 145) Customize...

4 m
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All Edipse Grid | Countries by Edipse | Edipses by Place | Edipses by Year | User Data

Drag a column header here to group by that column
Sol T
Mo Da |ar/ Y Magnitu

Year Lun |TYpel pe Gamma Duration

1639 Solar Partial
1657 Solar Partial
1675 Solar Partial
1693 Solar Partial
1711 Solar Partial
1729 Solar Partial
1747 Solar Partial
1765 Solar Partial
1783 Solar Partial
1801 Solar Partial

6 1.5651 0.0009 000m 00.0s
6 1.5547 0.0171 000m 00.0s
6 1.5434 0.0346 000m 00.0s
6 1.5276 0.0597 000m 00.0s
6 1.5077 0.0919 000m 00.0s
6 1.4817 0.1347 000m 00.0s
6 1.4504 0.1872 000m 00.0s
3 14120 0.2525 000m 00.0s
3 13671 0.3300 000m 00.0s
3 1.3152 0.4208 000m 00.0s
1819 Solar Partial 3 1.2579 0.5225 000m 00.0s
1837 Solar Partial 3 1.1934 0.6381 000m 00.0s
1855 Solar Partial 3 1.1249 0.7624 000m 00.0s
1873 Solar Partial 3 1.0513 0.8971 000m 00.0s

1891 Solar Annular 2 0.9755 0.9980 000m 06.55

1909 Solar Hybrid 2 0.8957 1.0064 000m 23.5s

1927 Solar Total 2 0.8163 1.0127 000m 49.8s5

1945 Solar Total 2 0.7356 1.0180 00im 15.2s

1963 Solar Total 2 0.6571 1.0223 001m 39.5s

1981 Solar Total 2 0.5792 1.0258 002m 02.2s

1999 Solar Total 2 0.5062 1.0286 002m 22.7s

2017 Solar Total 4 0.4367 1.0306 002m 39.9s

2035 2 Solar Total 1 0.3727 1.0320 002m 54.0s 0.
)
2071 Solar Total 1 0.2620 1.0333 003m 10.6s
2089 Solar Total 1 0.2167 1.0333 003m 13.9s
2107 Solar Total 1 0.1778 1.0332 003m 15.3s
2125 Solar Total 1 0.1461 1.0329 003m 14.8s
2143 Solar Total 1 0.1206 1.0326 003m 13.9s
2161 Solar Total 1 0.1012 1.0325 003m 12.8s
2179 Solar Total 1 0.0867 1.0325 003m 12.2s
2197 Solar Total 1 0.0768 1.0329 003m 12.55
2215 Solar Total 1 0.0701 1.0336 003m 14.3s
2233 Solar Total 1 0.0649 1.0348 003m 17.5s
2252 1 12 Solar Total 1 0.0607 1.0365 003m 22.65
2270 1 22 Solar Total 1 0.0560 1.0385 003m 29.3s
2288 2 2 Solar Total 1 0.0492 1.0411 003m 38.3s

| [¥| (Solar/Lunar = Solar) and (Saras = 145) |+ Customize...

4 m




2071 9 23

All Edipse Grid | Countries by Edipse | Edipses by Place | Edipses by Year | User Data

Drag a column header here to group by that column
Sol T
Mo Da |ar/ Y Magnitu
de

Year nth'y |Lun Typel pe Gamma Duration

1639
1657
1675
1693
1711
1729
1747
1765
1783
1801
1819

4 Solar Partial
14 Solar Partial
25 Solar Partial
5 Solar Partial
17 Solar Partial
27 Solar Partial
11 Solar Partial
21 Solar Partial
1 Solar Partial
13 Solar Partial
24 Solar Partial

1.5651 0.0009 000m 00.0s
1.5547 0.0171 000m 00.0s
1.5434 0.0346 000m 00.0s
1.5276 0.0597 000m 00.0s
1.5077 0.0919 000m 00.0s
1.4817 0.1347 000m 00.0s
1.4504 0.1872 000m 00.0s
1.4120 0.2525 000m 00.0s
1.3671 0.3300 000m 00.0s
1.3152 0.4208 000m 00.0s
1.2579 0.5225 000m 00.0s
1.1934 0.6381 000m 00.0s
1.1249 0.7624 000m 00.0s
1.0513 0.8971 000m 00.0s
0.9755 0.9980 000m 06.55
0.8957 1.0064 000m 23.5s
0.8163 1.0127 000m 49.85
0.7356 1.0180 001m 15.25
0.6571 1.0223 001m 39.5s
0.5792 1.0258 002m 02.25
0.5062 1.0286 002m 22.7s
0.4367 1.0306 002m 39.95
0.3727 1.0320 002m 54.0s
2053 12 Solar Total 0.3140 1.0328 003m 03.85 0.
0731 oo o SR 03620 |53 Jowam 1051 o
2089 10 4 Solar Total 0.2167 1.0333 003m 13.9s
2107 16 Solar Total 0.1778 1.0332 003m 15.35
2125 26 Solar Total 0.1461 1.0329 003m 14.8s
2143 7 Solar Total 0.1206 1.0326 003m 13.95
2161 17 Solar Total 0.1012 1.0325 003m 12.8s
2179 28 Solar Total 0.0867 1.0325 003m 12.25
2197 9 Solar Total 0.0768 1.0329 003m 12.5s
2215 21 Solar Total 0.0701 1.0336 003m 14.35
2233 31 Solar Total 0.0649 1.0348 003m 17.55
2252 1 12 Solar Total 0.0607 1.0365 003m 22.6s
2270 1 22 Solar Total 0.0560 1.0385 003m 29.35
2288 2 2 Solar Total 0.0492 1.0411 003m 38.3s

1855
1873
1891
1909
1927
1945
1963
1981
1999
2017
2035

16 Solar Partial
26 Solar Partial
6 Solar Annular
17 Solar Hybrid
29 Solar Total
9  Solar Total
20 Solar Total
31 Solar Total
11 Solar Total
21 Solar Total
2 Solar Total

1
1
1
2
2
2
3
3
4
4
4
1837 5 4 Solar Partial
5
5
6
6
6
7
7
7
8
8
9
9

e R NN N N M N N W W W W W W W e g o e

| [¥| (Solar/Lunar = Solar) and (Saras = 145) |+ Customize...
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All Edipse Grid | Countries by Edipse | Edipses by Place | Edipses by Year | User Data

Drag a column header here to group by that column

Year

3| o

4

2360
2378
2396
2414
2432
2450
2468
2486
2504
2522
2540
2558
2576
2594
2612
2630

Mo Da |ar/

nth 'y

3
3
4
4
4
5
5
6
6
6
7
7
7
8
8
8

18
29

30

Sol Ty
e Typel pe Gamma
Solar Total
Solar Total
Solar Total
Solar Total
Solar Total
Solar Total
Solar Total
Solar Total
Solar Total
Solar Total
Solar Total
Solar Total
Solar Total
Solar Total
Solar Total
Solar Total

-0.0177
-0.0480
-0.0851
-0.1279
-0.1780
-0.2331
-0.2937
-0.3588
-0.4279
-0.4992
-0.5723
-0.6466
-0.7204
-0.7928
-0.8629
-0.9303

EETICOME S

2666
2684
2702
2720
2738
2756
2774
2792
2810
2828
2847
2865
2883
2001
2919
2037
2055
2973
2001
3009

9

10
10
10
11
11
11
12
12
12

1
1
1
2
2
3
3
3
4
4

20 Solar Partial

1
13
23
4

14
25
6

17
28
8

18
30
10
21
4

15
25
6

-1.0506
-1.1036
-1.1505
-1.1917
-1.2260
-1.2556
-1.2785
-1.2974
-1.3112
-1.3229
-1.3314
-1.3398
-1.3485
-1.3520
-1.3717
-1.3893
-1.4112
-1.4393
-1.4727

Solar Partial
Solar Partial
Solar Partial
Solar Partial
Solar Partial
Solar Partial
Solar Partial
Solar Partial
Solar Partial
Solar Partial
Solar Partial
Solar Partial
Solar Partial
Solar Partial
Solar Partial
Solar Partial
Solar Partial
Solar Partial

17 Solar Partial -1.5142

(Solar/Lunar = Solar) and (Saras = 145)

Magnitu
de

1.0549
1.0587
1.0625
1.0660
1.0693
1.0721
1.0744
1.0760
1.0768
1.0768
1.0760
1.0741
1.0714
1.0676
1.0629
1.0568

0.9185
0.8160
0.7260
0.6474
0.5826
0.5270
0.4845
0.4499
0.4247
0.4037
0.3885
0.3735
0.3582
0.3394
0.3167
0.2850
0.2455
0.1948
0.1345
0.0595

Duration

004m 32.7s
004m 50.85
005m 11.3s
005m 33.05
005m 56.0s
006m 19.0s
006m 40.5s
006m 58.45
007m 09.95
007m 12.3s
007m 03.55
006m 42.95
006m 11.65
005m 31.3s
004m 45.05
003m 53.2s

000m 00.0s
000m 00.0s
000m 00.0s
000m 00.0s
000m 00.0s
000m 00.0s
000m 00.0s
000m 00.0s
000m 00.0s
000m 00.0s
000m 00.0s
000m 00.0s
000m 00.0s
000m 00.0s
000m 00.0s
000m 00.0s
000m 00.0s
000m 00.0s
000m 00.0s
000m 00.0s

0.|

Customize...




3009 4 17

All Edipse Grid | Countries by Edipse | Edipses by Place | Edipses by Year | User Data

Drag a column header here to group by that column

EL Ty P
—0|[ | Typel pe Gamma zl:gnltu Duration M

Year
nth'y |Lun 2 d

2360
2378
2396
2414
2432
2450
2468
2486
2504
2522
2540
2558
2576
2594
2612

18 Solar Total
29 Solar Total
9  Solar Total
20 Solar Total
30 Solar Total
12 Solar Total
22 Solar Total
2 Solar Total
14 Solar Total
25 Solar Total
5 Solar Total
17 Solar Total

Solar Total

Solar Total

Solar Total

1 -0.0177 1.0549 004m 32.7s 0.
1 -0.0480 1.0587  004m 50.8s5 0
1 -0.0851 1.0625 005m 11.3s 0.
1 -0.1279  1.0660 005m 33.0s 0.
1 -0.1780  1.0693 005m 56.0s 0.
1 -0.2331 10721 006m 19.0s 0.
1 -0.2937 1.0744 006m 40.5s 0.
1 -0.3588  1.0760 006m 58.4s 0.
1 -04279 1.0768 007m 09.95 0.
2 -0.4992  1.0768 007m 12.3s 0.
2 -0.5723  1.0760 007m 03.55 0.
2 -0.6466  1.0741 006m 42.9s 0.
2 -0.7204  1.0714 006m 11.65 0.
2 -0.7928 1.0676 005m 31.3s 0.
2 -0.8629 1.0629 004m 45.05 0.
2630 Solar Total 2 -0.9303 1.0568 003m 53.2s 0.
2648 Solar Total 8 -0.9930 1.0479 002m 48.35 0.
2666 Solar Partial 3 -1.0506 0.9185 000m 00.0s 0.
3 0
3 0
3 0
3 0
3 0
3 0
3 0
3 0
3 0
3 0
3 0
3 0
3 0
3 0
3 0
3 0
6 0
6 0

finaimum Eclipse

R I A IR R A A R R A S A ]

2684 Solar Partial -1.1036  0.8160 000m 00.0s
2702 Solar  Partial -1.1505  0.7260 000m 00.0s
2720 Solar Partial -1.1917  0.6474 000m 00.0s
2738 Solar  Partial -1.2260  0.5826 000m 00.0s
2756 Solar Partial -1.2556  0.5270 000m 00.0s
2774 Solar  Partial -1.2785  0.4845 000m 00.0s
2792 Solar Partial -1.2974  0.4499 000m 00.0s
2810 Solar Partial -1.3112  0.4247 000m 00.0s
2828 Solar  Partial -1.3229  0.4037  000m 00.0s
2847 -1.3314  0.3885 000m 00.0s
2865 -1.3398  0.3735 000m 00.0s
2883 Solar Partial -1.3485 0.3582 000m 00.0s

1 Solar Partial
1
1
2001 2 Solar  Partial -1.3590  0.33%4 000m 00.0s
2
3
3
3

Solar Partial

2919 Solar Partial -1.3717  0.3167 000m 00.0s
2037 Solar Partial
2055 Solar Partial
2973 Solar Partial 0.1948 000m 00.0s
2091 4 Solar Partial 0.1345 000m 00.0s

bocols 7 ERvia o L sis2 lo0s9slovom 0.0s o]

><| W] (Solar/Lunar = Solar) and (Saras = 145) Customize...

0.2850 000m 00.0s
0.2455 000m 00.0s

4 m 3
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Each saros series is 358 lunations apart = 1 inex



Moon’s orbital cycle Number of periods

Length in days

Synodic month 29.530589 358 lunations 10571.9509
Anomalistic month 27.554550 383.67 10571.8542

Draconic month 27.212221 388.5 10571.9479

358 lunations - approximately 29years 11days
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shading

* Partial penumbral

* Total penumbral

e Partial umbral

e Total umbral
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Eclipse Summary

Total Eclipse Solar

2015 3 20

Magnitude = 1.04452
Duration = 002m 46.85
Delta T = 69.07

Meeus Type = 2

Saros = 120, Inex = 79
Gamma = 0.9454

General  Local




Eclipse Summary

Total Eclipse Solar

2015 3 20

Magnitude = 1.04452
Duration = 002m 46.85
Delta T = 69.07

Meeus Type = 2

Saros = 120, Inex = 79
Gamma = 0.9454

General  Local




Eclipse Summary

Partial Eclipse Solar
2015913

Magnitude = 0.78749
Duration = 000m 00.0s
Delta T = 69.31

Meeus Type = 3

Saros = 125, Tnex =71

_ | General Local

6 lunations = 5inex — 8saros or (5*358 - 8%223) = 6 lunations




Eclipse Summary

Total Eclipse Solar
201639

Magnitude = 1.04496
Duration = 004m 09.2s
Delta T = 69.56

Meeus Type = 1

Saros = 130, Inex = 63
Gamma = 0.2609

General Local




Eclipse Summary

Annular Eclipse Solar
201691

Magnitude = 0.9736
Duration = 003m 05.75
Delta T = 69.81

Meeus Type = 1

Saros = 135, Inex =55
Gamma = -0.333

General  Local




Eclipse Summary

Annular Eclipse Solar
2017 2 26

Magnitude = 0.9922
Duration = 000m 44.1s
Delta T = 70.03

Meeus Type = 2

Saros = 140, Inex = 47
Gamma = -0.4578

Check Eclipse Cell Visible
LeftCol = 321

TopRow =55

Visible Col Count = 128
Visible Row Count = 106
Eclipse Col =431
Eclipse Row = 109

Cell is Visible

Debug | General Local

Faximum | Eclipse




Eclipse Summary

Total Eclipse Solar
017811

Magnitude = 1.03056
Duration = 002m 39.95
Delta T = 70.28

Meeus Type = 4

Saros = 145, Inex = 39
Gamma = 0.4367

General  Local




Eclipse Summary

Partial Eclipse Solar
2018 2 15

Magnitude = 0.5991
Duration = 000m 00.0s
Delta T = 70.54

Meeus Type = 3

Saros = 150, Tnex = 31
Gamma = -1.2116

General  Local




Eclipse Summary

Partial Eclipse Solar
2018713

Magnitude = 0.33652
Duration = 000m 00.0s
Delta T = 70.76

Meeus Type = 3

Saros = 117, Inex = 84
Gamma = -1.3542

General  Local

5 lunations = 53saros — 33inex or (+53*223 — 33*358) =5 |unations




Eclipse Summary

Partial Eclipse Solar
2018811

Magnitude = 0.73675
Duration = 000m 00.0s
Delta T = 70.81

Meeus Type = 3

Saros = 155, Inex = 23
Gamma = 1.1476

General  Local

1 lunation = 38inex — 61saros or (38*358 - 61*223) = 1 lunation




Eclipse Summary

Partial Penumbral Lunar Eclipse
2024325

Umbral Mag = -0.13272
Penumbral Mag = 0.95625
Saros (LQ#) = 120

Inex (LQ#) =79

Lunation = 299

General  Local




Eclipse Summary

Partial Umbral Lunar Eclipse
2024918

Umbral Mag = 0.08476
Penumbral Mag = 1.03785
Saros (LQ#) = 125

Inex (LQ#) =71

Lunation = 305

= _ | General Local

6 lunations = 5inex — 8saros or (5*358 - 8%223) = 6 lunations




Eclipse Summary

Total Umbral Lunar Eclipse
2025 3 14

Umbral Mag = 1.17913
Penumbral Mag = 2.26104
Saros (LQ#) = 130

Inex (LQ#) =63
Lunation = 311

General Local




“ || Eclipse Summary

Total Umbral Lunar Eclipse
202597

Umbral Mag = 1.36269
Penumbral Mag = 2.34556
Saros (LQ#) = 135

Inex (LQ#) = 55
Lunation = 317

General  Local




“ || Eclipse Summary

Total Umbral Lunar Eclipse
202633

Umbral Mag = 1.15145
Penumbral Mag = 2.18548
Saros (LQ#) = 140

Inex (LQ#) = 47

Lunation = 323

General  Local




Eclipse Summary

Partial Umbral Lunar Eclipse
2026 8 28

Umbral Mag = 0.93042
Penumbral Mag = 1.96578
Saros (LQ#) = 145

Inex (LQ#) = 39

Lunation = 329

General  Local




Eclipse Summary

Partial Penumbral Lunar Eclipse
2027 2 20

Umbral Mag = -0.05708
Penumbral Mag = 0.92722
Saros (LQ#) = 150

Inex (LQ#) =31

Lunation = 335

General  Local




Eclipse Summary

Partial Penumbral Lunar Eclipse
2027718

Umbral Mag = -1.06897
Penumbral Mag = 0.0013
Saros (LQ#) = 117

Inex (LQ#) = 84

Lunation = 340

General  Local




Eclipse Summary

Partial Penumbral Lunar Eclipse
2027 817

Umbral Mag = -0.52595
Penumbral Mag = 0.5459
Saros (LQ#) = 155

Inex (LQ#) =23

Lunation = 341

General Local




Eclipse Summary

Partial Eclipse Solar
2018811

Magnitude = 0.73675
Duration = 000m 00.0s
Delta T = 70.81

Meeus Type = 3

Saros = 155, Inex = 23
Gamma = 1.1476

General
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SArosEs Morsels 5
* “Saros Portraits”
e All eclipses in a saros

e Solar eclipses - Earth
and (ant)umbra shadow
for each eclipse at
maximum



SAROS 63

Umbral shadow fixed
Size

 Change size of the
moon



SOLAR SAROS 46 LUNAR SAROS 39

Renumber the lunar saros|and the shapes are similar!







12 consecutive total or annular eclipses
Visualised on the saros-inex panorama



Eclipse Summary

Annular Eclipse Solar
2043103

Magnitude = 0.94341
Duration = 002m 17.55
Delta T = 87.64

Meeus Type =7

Saros = 154, Inex = 26
Gamma = -1.0102

Times are UTC

P1 = 00h 42m 49.17

P4 = 05h 17m 33.41

P1 Lat =-011d -31m -16.8s
P1 Lon = 075d 48m 39.8s
P4 Lat = -068d -35m -22.1s
P4 Lon = -161d -52m -20.2s

Debug = General = Local

First 6 eclipses are 6 lunations apart — each annular or total




i Eclipse Summary
Annular Eclipse Solar
20442128
Magnitude = 0.95998
Duration = 002m 27.35
Delta T = 87.91
Meeus Type = 8
Saros = 121, Inex = 79
Gamma = -0.9954

NP2 = 22h 07m 22.22

NP2 Lat = 001d 48m 27.55
NP2 Lon = -058d -58m -35.65
NPLExists = True

SLExists = False
SPLExists = False

Debug | General | Local

Gap to 7t eclipse is 5 lunations — but this is an annular eclipse!




T O O A -
Eclipse Summary

Total Eclipse Solar
20468 2

Magnitude = 1.05311
Duration = 004m 51.15
Delta T = 89.98

Meeus Type = 2

Saros = 146, Inex = 39

NP2 = 11h 56m 59.94

NP2 Lat = -020d -34m -31.4s
NP2 Lon = 085d 28m 38.7s
NPLExists = True

NLExists = True

CLExists = True

SLExists = True

SPLExists = False

Debug | Genera | | Local

Next 5 eclipses are 6 lunations apart — each annular or total
—so 12 consecutive annular or total eclipses!







e "Sine y they
were ve |
“foretelling comets and
such like. | am very gla ere are quite a
number of people born with a gift and a liking
for all of this” ... “I hope the Mathematicians”
... “are well rewarded. | promise never to
blackleg their profession nor take the bread
out of their mouths."







Six days later

Total eclipse
1107 June 22"

Solstice
1107 June 16th




IIS
app
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rewarded. | promise never to
blackleg their profession nor
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mouths."




— Gapsof5a
Visualising the saros

Panorama patterns for a graphical explanation

— Semester
— Renumber the lunar saros and inex
— Lunation gaps on saros-inex panorama




I SAros

and inex
— Brain-storming ecli country
— Drawing the Leingartner diagrams

— Drawing the merged saros-inex panorama



