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J. JEAN AJDLER

Luhot Ha-Ibbur Part I:  
Rabbi Raphael Ha-Levi from Hanover’s 

Tables of Intercalation

Rabbi Raphael Ha-Levi from Hanover is mainly known for his book, Tekhunat 
ha-Shamayim. Although it was published without the author’s knowledge 
from his students’ notes, it allows readers to understand the principles of 
ancient astronomy and explains the principles adopted by Maimonides in his 
Laws of Sanctifying the New Moon (Hilkhot Kiddush ha-Hodesh). However, 
Ha-Levi’s masterpiece is his book Luhot ha-Ibbur. This book allows even 
non-German readers to calculate the true conjunctions and oppositions, and 
check the occurrence of solar and lunar eclipses. Ha-Levi’s intercalation 
tables are calculated with the highest precision, and are the lasting evidence 
of his exceptional calculation skills. However, the author did not provide any 
H[SODQDWLRQ�RU�MXVWL¿FDWLRQ�IRU�XVLQJ�KLV� WDEOHV��([FHSW�IRU�DQ�LQLWLDO�VXFFHVV��
which resulted in a second increased edition under the name Yirat Shamayim 
by Meir Fürth, the book was forgotten. This article explains the meaning of 
Ha-Levi’s various intercalation tables and how they were constructed, and also 
discusses the tables’ accuracy.

BIOGRAPHICAL BACKGROUND AND PUBLICATIONS

Raphael Ha-Levi or Raphael Hanover was born in 1685 in Weikersheim. His 
parents established themselves in Hanover. In his youth he studied at the Yeshiva 
of Frankfurt-am-Main, where he received a traditional Talmudic education. Later 
KH�ZRUNHG�DV�D�ERRNNHHSHU�LQ�WKH�EDQNLQJ�¿UP�RI�6LPRQ�:ROI�2SSHQKHLPHU�LQ�
Hanover, and taught himself mathematics and astronomy. Hanover caught the 
attention of a civil engineer called Mölling who introduced him to the famous 
Leibnitz.1 Hanover became Leibnitz’s devoted pupil, studying mathematics, 

1 Leibnitz was one of the greatest scholars and philosophers of the seventeenth century 
(1646–1716).

,�WKDQN�HQJLQHHU�(UDQ�5DYLY�ZKR�UHDG�WKLV�DUWLFOH�DQG�PDGH�VRPH�LPSRUWDQW�UHPDUNV�
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astronomy and natural philosophy2 under his tutelage. Hanover became also 
Leibnitz’s secretary, friend and collaborator. It seems that Hanover later made a 
living teaching mathematics and astronomy. Practically all his remnant works, 
ERWK�SULQWHG�DQG�XQSULQWHG��GHDO�ZLWK�VXEMHFWV�IURP�WKHVH�WZR�¿HOGV�3 

Hanover’s good fame extended not only to the Jewish world in Germany 
DQG� DEURDG�� EXW� DOVR� DPRQJ� WKH� JHQWLOHV�� 'XULQJ� WKH�.LQJ� RI� (QJODQG¶V� �����
visit to Hanover, Hanover proposed an invention that met with the approval of 
ERWK�WKH�(QJOLVK�$GPLUDOW\�DQG�WKH�5R\DO�6RFLHW\��+H�DUULYHG�LQ�/RQGRQ�GXULQJ�
April 1748, at the invitation of these bodies, to clarify certain doubts. Hanover’s 
invention was supposed to enable an easy determination of the longitude of any 
position of a ship at sea.4

When Moses Mendelssohn stayed in Hanover in 1771 and 1777, he visited 
Ha-Levi. Raphael Ha-Levi, had, despite his great age, preserved his physical and 
mental robustness, despite many blows of fate: his wife died in 1770 and of his 
seven children, only one daughter had survived. Hanover wrote the following 
books: 
1. Sefer Tekhunat Ha-Shamayim. Amsterdam, 1756.5

2 In contemporary parlance, “natural philosophy” is physics.
3� ([FHSW� IRU� +D�/HYL¶V� PDQXVFULSW� LQ� WKH� 6WDDWVELEOLRWKHN� %HUOLQ� ZKLFK� GHDOV� ZLWK� WKH�

calculation of the date of redemption.
4 This was the great problem of this epoch; see: Greenwich Time and the Longitude by 

Derek Howse, 1997. The name of Raphael Ha-Levi is not mentioned in this book.
5 This book was published in Amsterdam without Ha-Levi’s knowledge by Moses of Tiktin 

who added some of his own explanations. This book is very important because it expounds 
Ha-Levi’s understanding of Hilkhot Kiddush ha-Hodesh, according to ancient astronomy 
and Ha-Levi’s important achievements which would otherwise remain unknown. Most 
of Baneth’s achievements are already gathered in his work. [Please note that Professor 
(GXDUG��(]HNLHO��%DQHWK�������������ZDV�D�7DOPXGLF�VFKRODU�DQG�5DEEL�JUDGXDWHG�IURP�
Hildesheimer Rabbinic Seminary, professor at the Lehranstalt fur die Wissenschaft des 
Judentum. He was the author of the monumental Maimuni’s Neumondsberechnung.]  
Raphael Ha-Levi considered that the book was rather a textbook supporting oral teaching, 
but it was not ready for publication and could not be called a book. This book had 
nevertheless a considerable impact because the study of the chapters of Kiddush ha-
Hodesh was still part of the curriculum of many Talmudic students. The Gaon of Vilna 
learned astronomy from this book (Aliyot Eliyahu��/HYLQ�(SVWHLQ�������S�������,W�VHUYHG�
certainly, together with Luhot ha-Ibbur, as a reference book to the authors of subsequent 
books on the same subject:

 Æ Na’avah Kodesh by Rabbi Simon Waltsch, Berlin 1786. The author belonged to the 
tradition of Rabbi Raphael Ha-Levi.

 Æ Kenei Middah by Rabbi Barukh of Shklov, Prague 1784. The author belonged to the 
circle of the Gaon of Vilna but he studied medicine in Frankfurt-am-Oder and was 
certainly aware of Ha-Levi’s books.
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2. Luhot ha-Ibbur Vol. 1: Tables based on modern astronomy, Leiden, 5516.6

3. Luhot ha-Ibbur Vol. 2: Tables based on Maimonides’ Hilkhot Kiddush ha-
odesh, Hanover 5517. This book was printed a second time together with a 
FRPPHQWDU\��GH¿QLWLRQV�DQG�H[SODQDWLRQV�DERXW�XVLQJ�WKH�WDEOHV�DQG�DGGLWLRQDO�
examples) in Vol. 2 about Hilkhot Kiddush ha-Hodesh by Meir Fürth in 1820–
1821, under the name Yirat Shamayim, Dessau, 1820–1821.

4. Vorbericht vom Gebrauch der neuerfundenen logarithmische Wechsel-
Tabellen….verfertiget und hrsg von Raphael Levi, Hannover, 1747.7

5. Raphael Levi: Rechnungsmethode Hrsg von Meyer Aaron Mit einer 
Abhandlung über die Vier Species des Rechnens mit Brüchen. Hannover, 
1783.8

6. A table of the times of sunset and the stars’ apparition throughout the year. 
3UREDEO\� WKH�¿UVW� WLPHWDEOH� FRQVWUXFWHG�RQ�DQ�DVWURQRPLFDO�EDVLV��+DQRYHU��
1766.9

7. Calculus Differentialis oder Rechnung des Unendlichen des Herrrn von 
Leibnitz. Raphael Levi, Hanover 1776 (Library of the University of Hanover).

The following various unpublished works still remain in manuscript, scattered  in 
GLIIHUHQW�(XURSHDQ�OLEUDULHV�
1. Zentralbibliothek Zürich: Ms Heid. 180. This manuscript corresponds to the 

printed book Luhot ha-Ibbur I. The manuscript is dated 1752 while the printed 
book is dated 1756.

2. Staatsbibliothek Berlin: Manuscript N° 255, 4d. This unpublished manuscript 
includes only two pages; the two faces of one leaf. Its title is:

 ĤčđĜĐĚ ĘĎĝ ĘČĠĤ ĐÄÄđĚ ĕĞčĔđ ĕĐĘČ ğđĝĘĠĐ ěėđĦĐ ĕďĕ ĘĞ ĐĕēĦĐđ ġģĐ ěđčĥē     

 Æ Amudei Shamayim by Rabbi Barukh of Shklov, Berlin 1777.
 Æ Yirat Shamayim by Rabbi Meir Fürth ČďĤđĕĠ  ĤĕČĚ, Dessau, 1820. This book is a 

commentary on Luhot ha-Ibbur, Vol. 2.
 It is surprising that so many books were published at the same period on the subject and 

that suddenly so many authors understood the subject. The book Shevilei de-Raquiah 
E\�5DEEL�(OL\DKX�KD�&RKHQ�+HFKLP��3UDJXH�������EHORQJV� WR� WKH� VDPH�SHULRG�EXW� LWV�
GH¿QLWLRQ�RI�WKH�DUF�RI�YLVLRQ�LV�LQFRUUHFW��+H�ZDV�VWLOO�LQÀXHQFHG�E\�WKH�*UHHN�GH¿QLWLRQ�
of the arcus visionis.

6 Aliyot Eliyahu, p. 47, tells that the Gaon of Vilna showed to the visiting author of Homot 
Yerushalayim a mistake that he found in a table of Luchot ha-Ibbur��7KLV�ZDV�VXI¿FLHQW�WR�
make his authority in this matter felt.

7 This book is registered in the Royal Library of Den Haag under the number 1116 B9.
8 This book is registered in the Royal Library of Amsterdam under the number Ros 1885  

G 39.
9 See appendix at the end of the article.
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 It is a calculation of the time of the redemption based on Daniel. It was 
described by Steinschneider in Verzeichnis der Hebraïschen Handschriften… 
Berlin Königliche Bibliothek. Berlin 1878–1897.10

3. The Jews’ College, London: Ms N° 134 according to the Catalogue of Hebrew 
manuscripts in the Jews’ College. A. Neubauer, London, 1886. This manuscript 
corresponds to the book Tekhunat ha-Shamayim. It was written in 1734, and is 
identical to the printed book. 

4. According to A. Neubauer: Catalogue of the Hebrew manuscripts in the 
Bodleian Library. Oxford, 1886–1908.

 Æ N° 2062: ęĕĚĥĐ ĦĜđėĦ ĤĠĝ Includes 64 folios. This manuscript, probably 
autographic, begins with the text of the printed edition, but it is much 
longer and extended.

      Ox 2062 (Cat Neugebauer); Ox Mich 603; Ox Mich 847 (old n°).
 Æ N° 2063: ʤʰʥʫʺʤ �ʺʮʫʧ Includes 45 folios. This unpublished manuscript 

deals with the principles of spherical astronomy.
     Ox 2063 (Cat Neugebauer); Ox Mich 498; Ox Mich 301 (old n°).
����� � (QJLQHHU� (UDQ� 5DYLY� IRXQG� D� SDUDOOHO� PDQXVFULSW� LQ� 0RVFRZ�� 06�

Guenzburg 1743. 
 Æ N° 2290:6: y ʥʡʩʲʤ�ʣʥ �ɦʩʬʬʫ This unpublished manuscript deals with the rules 

of the calendar.
      Ox 2290 (Cat Neugebauer); Ox Mich 58; Ox Mich 345 (old n°).

The inscriptions on the graves of Rabbi Raphael Hanover and his wife provide 
much insight into their characters.

The inscription on Mrs. Hanover’s grave is the following:11

 ĔÄÄĠ
 ĕĜĞĘ ĐĥĤĠ ĐĠė ĐĜđĞĚđ ĐĦĕčč ĐĦĥĞ ÄĐ ĦģďĢ ĐĜđĠĝđ ĐĜđĎĐ ĐďđĝēĐđ ĐĞđĜĢĐ ĐĥČĐ

 ĐÄÄĐ ĐĚėēč ĐēĦĠ ĐĕĠ ĐĜđĞđ ĦĞ Ęėč ĐĜđėč Ħđĥģčđ ĦđĘĕĠĦĚ ĐĕĠ ĐģĝĠ ČĘ ,ĐĜĕĜēđ ďĝēč
 ĘÄÄĎĝ ĘČĠĤ ĤÄÄĤĐė ĕĜĤđĦĐ ĦĥČ ĐĦĕĐ ČĕĐđ ĘÄÄĢĒ ĖđĤč ĤÄÄĤĐđĚ ĕĜčĤĐ ĕĜĤđĦĐ Ħč ĘĕĎČĠ ĦĤĚ
                                                          ÄĐÄčÄĢÄĜÄĦ ģÄÄĠĘ ĘÄÄģĦ ĘđĘČ Äđ Äč ęđĕč ĐĦĚĥĜ ĐČĢĕ Äĕēĕĥ

10� $SSDUHQWO\�D�WUDQVODWLRQ�LQ�(QJOLVK��³7KH�FDOFXODWLRQ�RI�WKH�HQG�RI�WKH�GD\V´�ZDV�LVVXHG�
LQ�/RQGRQ�LQ�������,W�¿[HG�WKLV�\HDU�WR�������,Q�Ma’amar Binah Le’itim (London 1795), 
(O\DNLP�EHQ�$EUDKDP�±�WKH�+HEUHZ�QDPH�RI�-DFRE�+DUW������±������±�EDVHG�KLPVHOI�
on the interpretation of Raphael Ha-Levi from Hanover (whom he did not credit) and 
connected this date to the Treatise of Versailles (1783) ending the war of America. The 
dream of Messianic redemption had begun in 1783 and would have its culmination in 
1840.

11 Gronemann, Selig (1843–1918): Genealogishe Studien uber die alten judischen Familien 
Hannovers, Berlin 1913.
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The inscription on Rabbi Raphael Hanover’s grave is the following:12

ĔÄÄĠ
 ģđēĘđ ęĕĜđĕĢ čĕĢĐĘ ĕđČĤ đĘ ĐĘČ ĤĥČ ĥĕČ

 ģĕďĢ ĥĕČ ęĕĜđĤēČ ĦđĤđď đĞďĕ ěĞĚĘ ĘĒĤč ĔĞč
 ĖĤđČđ ĐĚėē ęĕĥĕĥĕč ęĕĜĠ ČđĥĜđ Ĥĥĕđ

 ĕĘĕčĥė ĞĕģĤď ĕĘĕčĥ ĐĕĘ ěĕĤĕĐĜ ,ęĕĜĥđ ęĕĚĕ
 ęĕĜđĚėēĦ ĦčėĤĚč ęĕĚĥ ģĕĝĕ ,ęĕĜđčĜđ ęĕĞď ĤĐĜď
 đĦĚėē ęĕĜđĚďģ ęĕĚĕđ ġĤČ ĦđĘĕĘĎ Ęė đĕĜĠēč ğĝČđ
 ęĕėĘĚ ĕĜĠĘ čĢĕĦĐ ,ęĕĜđĚĐđ ęĕĚĞ Ęė ĕĜĕĞĘ đĦĜĕčđ
 ęĕĤĥĐ ěĚ ďēČ ĘČĠĤ ęĕĜĥĐ ĦČ ĤčĞĘ ĕđČĤ ,ęĕĜĒđĤđ
 ĘČĠĤ ĤÄÄĤđĐĚ ,ęĝĤđĠĚĐ ĕĜčĤĐ ĕĜĤđĦĐ ĐÄÄĐ ęĕĜđĥČĤĐ
 13Äč ęđĕč đĦĚĥĜ ĐČĢĕ ĘÄÄĢĒ ĕđĘĐ ğĝđĕ čģĞĕ ĕčĤ ĤčēĐ ěč
ģÄÄĠĘ ĔÄÄĘģĦ ěđĕĝ ÄĎ ÄĎ ęđĕč đĦĤēĚĘ ĤčģĜđ čĤĞ ĦĞĘ

ÄĐÄčÄĢÄĜÄĦ

During this period it was common practice that people in Italy, as well as Germany, shaved 
(see Responsa Yabetz I: 80). Even famed Italian rabbis shaved: see the pictures of Rabbi 

12� 7KH�LQVFULSWLRQ�RI�KLV�JUDYH�KDV�EHHQ�UHFRQVWUXFWHG�IURP�WZR�GH¿FLHQW�YHUVLRQV��WKH�¿UVW�
LQ�*URQHPDQQ��PHQWLRQHG�DERYH�DQG�WKH�VHFRQG�LQ�6��(��%ORJJ¶V�Sefer ha-Hayim. This 
last book contains prayers for sick persons and for deceased persons at the cemetery. At 
the end it mentions the inscription of the graves of some celebrated rabbis: Rabbi Meir 
RI�5RWWHQEXUJ��5DEEL�-DFRE�(PGHQ��5DEEL�-RQDWKDQ�(LEHVKXW]��5DEEL�=HOLJ�.DUD�IURP�
Hanover, and Raphael Ha-Levi from Hanover. Finally, the text was corrected thanks to a 
picture of the tombstone found on the website http://www2.iag.uni-hannover.de/~kass/ by 
(UDQ�5DYLY�

13 May 17, 1779.

Picture of Rabbi Raphael Ha-Levi from Hanover
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Samson Morpurgo (1681–1740), Rabbi Moses Gentily (1663–1711), and Rabbi Raphael 
Meldola (1754–1828). People in contact with gentile society were also obligated to wear 
wigs. Rabbi Menahem Azaria de Fano is also said to have shaved, while Rabbi Samson 
Morpurgo and Rabbi Raphael Meldola even wore wigs. Rabbi Samson Morpurgo was a 
celebrated rabbi, mentioned in Shem ha-Gedolim for his book of responsa called Shemesh 
Tsedaka. He was often consulted by Rabbi Isaac Lampronti in Pachad Istshak, and Rabbi 
Raphael Meldola, the Haham of London, had received rabbinical ordination from Rabbi 
H. J. D. Azulai.
Despite his appearance, which today could raise some contestation and interrogation, 
Raphael Ha-Levi was highly revered and respected by Jews and non-Jews alike. A rabbi 
as respected as Rabbi Beirush Bernstein (the grandson of Rabbi Joshua Falk (the Pnei 
Joshua) was proud to be Hanover’s pupil, and the Gaon of Vilna studied astronomy in his 
books (Aliyot Eliyahu, pp. 44 and 47, and Sefer ha-Gra from R. Yehuda Leib ha-Cohen 
Maimon p. 33, two last lines).

The inscription in the Memorial book of the Jewish community of Hanover is as 
follows:14

 ęĕĚĕ ĖĤđČđ ĐĚėē ęĕĥĕĥĕč ęĕĜĠ ČđĥĜđ Ĥĥĕđ ģĕďĢ ĥĕČ ĦĚĥĜ ĦČ ęĕģĘČ ĤđėĒĕ
 ĦčėĤĚč ęĕĚĥ ģĕĝĕ ,ęĕĜđčĜđ ęĕĞď ĤĐĜď ĕĘĕčĥė ĞĕģĤď ĕĘĕčĥ ĐĕĘ ěĕĤĕĐĜ ,ęĕĜĥđ
 Ęė ĕĜĕĞĘ đĦĜĕčđ đĦĚėē ,ęĕĜđĚďģ ęĕĚĕđ  ġĤČ ĦđĘĕĘĎ Ęė đĜĠēč ğĝČđ ęĕĜđĚėēĦ
 ěĚ ďēČ ĘČĠĤ ,ęĕĜĥĐ ĦČ ĤčĞĘ ĕđČĤ ,ęĕĜĒđĤđ ęĕėĘĚ ĕĜĠĘ čĢĕĦĕ ,ęĕĜđĚĐđ ęĕĚĞ
 ĦđĘĕĚĎđ  ĦđĢĚč  ģĝĞ  đĕĚĕ  Ęė  ,ęĝĤđĠĚĐ  ĕĜčĤĐ  ĕĜĤđĦĐ  ĐÄÄĐ  ęĕĜđĥČĤĐ  ęĕĤĥĐ
 ĦĞĘ Äč ęđĕč đĦĚĥĜ ĐČĢĕ ĘÄÄĢĒ ĕđĘĐ ğĝđĕ čģĞĕ ĕčĤ ĤčēĐ ěč ĘČĠĤ ĤÄÄĤĐđĚ ęĕďĝē

    ģÄÄĠĘ ĔÄÄĘģĦ ěđĕĝ ÄĎ ÄĎ ęđĕč ĤčģĜđ čĤĞ

Scant biographical elements of Rabbi Raphael Hanover’s life are scattered through 
various books and journals.15

14 Gronemann, Selig: Genealogische Studien uber die alten judischen Familien Hannovers. 
Berlin, 1913.

15 1.  Altmann, Alexander. Moses Mendelssohn, London 1973, pp. 161-163,786-788.
� ���� %ORJJ��6�(��Sefer ha-Hayim. Hanover 1848, p. 314. This very popular prayer book for 

sick persons, mourning and cemetery had 11 re-editions, the last one by Goldschmidt, 
Basel, 1983, but without the grave inscriptions.

 3.  Cohn, Berthold. Jahrb. Der Juedische Literatuur Geschichte. Vol. 18, 1927.
 4.  Der Orient, 7 n° 33, pp. 256-258.
 5.  Furst, Julius (1805–1873), Bibliotheca Judaica, Leipzig 1849–1863.
 6. Gronemann, Selig. Genealogishe Studien uber die alten judische Familien Hannovers, 

Berlin, 1913
����� � (UVWH� $EWHLOXQJ�� Genealogie der Familien. Zweite abteilung: Grabschriften und 

Gedächnisworte.
� ���� *XKUDXHU��*RWWVFKDON�(GXDUG������±�������*RWWIULHG�:LOKHOP�)UHLKHUU�Y��/HLEQLW]��

Breslau, 1846.
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Raphael Hanover had the reputation of an extraordinary skilled calculator, of 
a rabbinical scholar, and a divine16 and natural17 philosopher. One can have an 
idea of the respect in which he was held and the high reputation he had by reading 
the rabbinical approbations to the books Tekhunot ha-Shamayim18 by Rabbi Saül 
Loewenstamm (1717–1790)19 and Rabbi Isaac Hayim Ibn Dana di Brito20 from 
Amsterdam, as well as the approbations to the book Na’ava Kodesh21 by Rabbi 
Tsvi Hirsch Levin22 (1721–1800) from Berlin23, Rabbi Arye Leib (1715–1789),24 
ben Jacob Joshua Falk (1680–1756),25 and Rabbi Issachar Beirush Bernstein 
(1747–1802),26 who was the latter’s son, both being rabbis of Hanover. Similarly 
Aliyot Eliyahu, a book which is an ode to the glory of the Gaon of Vilna, tells that 
the Gaon learned astronomy in his book Tekhunat ha-Shamayim.27 It also shows 

 8.  Literatuurblatt des Orient, 1849, pp. 140-143.
 9.  Mensel Johan Georg, Lexikon der von Jahr 1750–1800. VIII, Leipzig, 1808.
 10. Rohrbein, Waldemar R. Judische Persönlichkeiten in Hannovers Geschichte. 

Hannover, 1998.
 11. Schulze, Peter. Beitrage zur Geschichte der Juden in Hannover. Hannover, 1998.
 12. Steinschneider, Moritz. Die Mathematik bei den Juden. Bibliotheca Mathematica. 
                      N.F. Vol. 10 (1896) p. 38.
                      N.S. Vol. 7-13 (1893–1899).
 13. Steinschneider, Moritz. Die Mathematik bei den Juden.
                      MGWJ 49 n° 13 (1905) pp. 723-728.
 14. Zeitlin. Bibl. Post Mendelssohn, p. 135.
 15. Zinberg. Toledot Sifrut Yisrael. Vol. 3, p. 366 and Vol. 5, p. 286.
 16. Zuckerman, M. Dokumente zur Geschichte der Juden in Hannover. Hannover, 1908.
 17. Schwarzschild, Steven and Henry Schwarzschild, “Two Lives in the Jewish 

Frühaufklärung: Raphael Levi Hannover and Moses Abraham Wolff ”, Leo Baeck 
Year Book 29 (1984), pp. 229-258.

16 A theologian.
17 A physicist and astronomer. Physics was called “natural” philosophy.
18 Amsterdam, 1756.
19 ČĤģĜđ ĤčđĜĐ ģÄÄģĚ ĕđĘĐ ĘČĠĤ ĤÄÄĤĐė đĚĥđ đĜĜĚĒč ĤĥČ ĐĜđėĦĐ ĦĚėēč ĘđďĎ ęėē Ĥčĕēĥ ĤĠĝ ĦĘĎĚ 

ęĕĚĥĐ ĦĜđėĦ ęĥč
20  ĕÄÄĐ ĤčđĜĐ ģÄÄģĚ đÄÄĤĜ ĕđĘĐ ĘČĠĤ ĤÄÄĤĐė ĕĜĤđĦĐ ĐÄĐ                                             
21 Berlin, 1786.
22 The younger brother of Saül Loewenstamm, both sons of Rabbi Arié Leib Loewenstamm 

IURP�$PVWHUGDP������±�������DQG�QHSKHZV�RI�5DEEL�-DFRE�(PGHQ������±������
23 đĒ ĐĚėēč đĦĚėē ĘďđĎ ęĝĤđĠĚđ ĞďđĜ ĤĥČ ĘÄÄĢĒ ĤčđĜĐ ĘČĠĤ ÄđĐĚė ēđĜĚĐ ĕĜčĤĐ ĕĜĤđĦĐ ęĘĥĐ ęėēĐ 

đĒ ĐĚėēĘ ęĕĜĒđČ ĐĚĐ ĤĥČ ěĕĝĕĤĔĜđģ ĦđĥĞĘ ČĕĘĠĐ ĕė ęĘđĞč đĘĥ ěĕĔĕĜđĚ ČĢĕ Ĥčėđ                                      
24  đĦĞďĘĥ ěđČĎĐ ĕĜč ĦČ ĤČĠĦĐĥ ěČėĚ ĘÄÄĎĝ ĘČĠĤ ĤÄÄĤĐđĚ ęĝĤđĠĚĐ ęĘĥĐ ęėēĐ ĕĠĚ ĐĜĚČĜ ĕĦĞĚĥĥ 

ĐĒ ěĕĜĞč đĤđďč ďĕēĕė ĥĚĚ ĕĜč                                                                        
25 The author of Pnei Joshua.
26 He learned Hilkhot Kiddush ha-Hodesh under Raphael ha-Levi Hanover. 
27� 5�� -RVKXD� +HVKLO� EHQ� (OLMDK� =H¶HY� KD�/HYL� /HZLQ� �9LOQD� ����௅3DULV� ������� Aliyot 
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the mathematical abilities of the Gaon of Vilna by the fact that he found a mistake 
in the book Luhot ha-Ibbur.28

Highlights of Luhot ha-Ibbur, Part I

HaLevi’s book, Luhot ha-Ibbur consists of tables that were constructed according 
to the principles of modern astronomy, i.e. the astronomy of the beginning of the 
eighteenth century. 

Glossary
ʯʥʫʰʤ�ʣʬʥʮ The astronomical mean conjunction (corrected molad).
ʹʮʹʤ�ʬʥʬʱʮ Sun’s mean anomaly = sun’s mean longitude minus apogee’s 

longitude.
ʧʸʩʤ�ʬʥʬʱʮ Moon’s mean anomaly = moon’s mean longitude minus 

apogee’s longitude. 
ʡʧʥʸʤ�ʬʥʬʱʮ Moon’s argument of latitude F = longitude of the moon 

minus longitude of the ascending node. In our tables Hanover 
tabulates 2F.

ʹʮʹʤ�ʬʥʬʱʮ�ʺʰʮ Sun’s quota of the anomaly = equation of the center.
ʧʸʩʤ�ʬʥʬʱʮ�ʺʰʮ Moon’s quota of the anomaly = equation of the center.
ʯʮʦʤ�ʺʰʮ Angular velocity expressed in ''/hour.
ʯʷʥʺʮʤ�ʧʸʩʤ�ʬʥʬʱʮ Corrected moon’s argument of latitude.
ʺʥʫʩʠ Parity of the argument of latitude or of its variation:
���������������������� (YHQ�PHDQV�WKDW�)�!��N
������WKH�PRRQ¶V�ODWLWXGH�LV�SRVLWLYH�
���������������������� 8QHYHQ��)�!���N���
������WKH�PRRQ¶V�ODWLWXGH�LV�QHJDWLYH�
ʺʩʺʩʮʠ�ʤʴʥʷʺ True equinox.
ʤʰʥʫʰ�ʤʴʥʷʺ Mean equinox (different from tekufa of Samuel and Adda).

Eliyahu, Vilna 1856, p. 44. In fact the information was copied nearly verbatim from the 
introduction by the Gra’s sons Avraham and Yehuda Leib to the book Aderet Eliyahu, 
Dubrovna, 1804. See also: R. Yehuda Leib ha-Cohen Maimon, Sefer ha-Gra, Jerusalem 
������S������ODVW�OLQHV�DQG�(OL\DKX�6WHUQ��The Genius, Elijah of Vilna and the Making of 
Modern Judaism, Yale Judaica Press, 2013, pp. 11, 37-39, 44 and 194. Note that early 
manuscripts of the future Tekhunat ha-Shamayim circulated already as early as 1727. This 
MXVWL¿HV�WKDW�5��(OLMDK��ERUQ�LQ�������FRXOG�KDYH�NQRZQ�WKLV�ERRN��VWLOO�LQ�PDQXVFULSW��DW�D�
YHU\�\RXQJ�DJH���7KDQN�\RX�(UDQ�5DYLY�IRU�WKLV�SUHFLVLRQ��

28 Aliyot Eliyahu, p. 47. I have always asked myself what was the mistake discovered? Was it 
a misprint, an arithmetical mistake, or an astronomical mistake? (See also the commentary 
on tables 6 and 7.)

All Rights Reserved. © Bar−Ilan University, 2014. http://www.biupress.co.il/website/index.asp?id=951



B.D.D. 29, December 2014

Luhot Ha-Ibbur Part I: Rabbi Raphael Ha-Levi from Hanover’s Tables of Intercalation

23

'H¿QLWLRQV
L: Geocentric mean longitude of the sun.
L': Geocentric mean longitude of the moon.
����0HDQ�ORQJLWXGH�RI�WKH�PRRQ¶V�DVFHQGLQJ�QRGH�
ī��� /RQJLWXGH�RI�WKH�VXQ¶V�SHULJHH�
ī
���/RQJLWXGH�RI�WKH�PRRQ¶V�SHULJHH�
D = L – L': Moon’s mean elongation.
0� �/�í�ī�í�������6XQ¶V�PHDQ�DQRPDO\��7RGD\�0� �/�í�ī��
0
� �/
�í�ī
�í�������0RRQ¶V�PHDQ�DQRPDO\��7RGD\�0
� �/
�í�ī
�

$VWURQRPLFDO�5HIHUHQFHV 
The following references should be consulted in order to better understand 
HaLevi’s book, Luhot ha-Ibbur:
��� 7KH�(TXDWLRQ�RI�7LPH�LQ�$QFLHQW�-HZLVK�$VWURQRP\��-��-��$MGOHU��B.D.D. 16, 

pp. 43-51.
2. Syzygies Tables: Jean Meeus, Kessel-Lo, 1963.29

3. Textbook on Spherical Astronomy: W. M. Smart. Cambridge University Press. 
This book was reedited many times.

29� 7KLV�ERRN�ZDV�GHFLVLYH�IRU�XQGHUVWDQGLQJ�WKH�VLJQL¿FDWLRQ�RI�+DQRYHU¶V�WDEOHV�
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5HSULQWHG�7DEOHV�IURP�/XKRW�KD�,EEXU

Table 1: Mean Movements of the Sun and Moon, the Molad, the Corrections and 
Supplements during 19-Year Cycles.
Table 4: Mean Movement of the Sun’s Anomaly during Hours and Days.
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Table 2: Mean Movements of the Sun and the Moon, the Molad, the Corrections 
and Supplements during Years of the Cycle.
Table 3: Mean Movements of the Sun and Moon, the Molad, the Corrections and 
Supplements during the Months.
Table 5: Variation of the Argument of the Moon’s Latitude during Hours and 
Halakim. Hanover tabulates 2F, i.e. twice the moon’s argument of latitude.
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Table 6: The Sun’s Quota of the Anomaly (in units of 100 Seconds of Arc) or the 
Equation of the Centre and its Angular Velocity (in Seconds of Arc per Hour) as 
a Function of the Sun’s Anomaly.
The sun’s angular velocity is a function of the anomaly expressed in units of 
���Ǝ� ������������7KXV����� ���������� ����������� ����������� �������7KH�TXRWD�
LV�QHJDWLYH�ZKHQ�WKH�DQRPDO\��������DQG�SRVLWLYH�ZKHQ�WKH�DQRPDO\�!�������7KH�
DQRPDO\�LV�PHDVXUHG�IURP�WKH�DSRJHH��DQRPDO\� �0���������)RU�WKH�DQRPDO\�����
UHDG�����LQVWHDG�RI������)RU������UHDG������LQVWHDG�RI�������)RU������UHDG������
instead of 6815.
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Table 7: The Moon’s Quota of the Anomaly (in units of 100 Seconds of Arc) at 
the Conjunction or Opposition, or the Equation of the Centre Diminished by the 
Evection, and the Moon’s Angular Velocity (in Seconds of Arc per Hour) as a 
)XQFWLRQ�RI�WKH�0RRQ¶V�$QRPDO\�([SUHVVHG�LQ�8QLWV�RI����Ǝ� �����������
7KXV����� ���������� ����������� ����������� �������7KH�TXRWD� LV�QHJDWLYH� IRU�
DQRPDO\��������DQG�SRVLWLYH�IRU�DQRPDO\�!�������7KH�DQRPDO\�LV�PHDVXUHG�IURP�
WKH�DSRJHH��DQRPDO\� �0
��������
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Table 8: Geographical Coordinates of the World’s Major Cities, and Conditions 
for Solar and Lunar Eclipses. 
The longitude is given in time east or west of Jerusalem, and the latitude is given 
in degrees. The table also gives rules for both solar and lunar eclipses.
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Table 9: Calculations of the Situation at the Conjunction of March 1, 1737: Was 
It a Solar Eclipse? And the Situation at the Opposition of March 16, 1737: Was It 
a Lunar Eclipse? Calculation of the True Equinox of March 20, 1737. 
In the right column, there is a misprint: the moon’s anomaly is 8690 instead of 
������:H�QRWH�WKDW�WKH�VRODU�DQRPDO\�LV�������DQG�LWV�TXRWD�LV���������WKH�OXQDU�
DQRPDO\�LV�������DQG�LWV�TXRWD�LV��������
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Description of Columns in Tables 1–3
Following is a description of the columns and rows in the following 
tables:
Table 1: Mean Movements of the Sun and Moon, the Molad, the Corrections and 
Supplements during 19-Year Cycles
Table 2: Mean Movements of the Sun and Moon, the Molad, the Corrections and 
Supplements during Years of the Cycle
Table 3: Mean Movements of the Sun and Moon, the Molad, the Corrections and 
Supplements during the Months

1st column: Number of cycles.
2nd column: Molad�±�5HVLGXH�FRUUHVSRQGLQJ�WR�WKH�VSDQ�RI�WLPH�GH¿QHG�LQ�WKH�¿UVW�
column for the calculation of the molad.
3rd column: Correction for the astronomical mean conjunction corresponding to 
WKH�VSDQ�RI�WLPH�GH¿QHG�LQ�WKH�¿UVW�FROXPQ��7KH�PHDQ�DVWURQRPLFDO�FRQMXQFWLRQ��
according to modern astronomy (in the beginning of the eighteenth century), does 
not perfectly coincide with the molad because the synodic mean lunar month 
is slightly shorter than the Jewish month of 29d 12h 793p. Therefore the mean 
conjunction occurs before the molad.30

4th column: Supplements representing the excess of the Jewish cycles of 19 years 
RU�����OXQDWLRQV�RQ�WKH�WURSLFDO�\HDUV�GXULQJ�WKH�VSDQ�RI�WLPH�GH¿QHG�LQ�WKH�¿UVW�
column in order to calculate the exact length of the tropical years during the span 
RI�WLPH�GH¿QHG�LQ�WKH�¿UVW�FROXPQ�31

5th column: The variation of the sun’s mean anomaly, i.e. the longitude of the mean 
sun minus the longitude of the sun’s apogee,32�GXULQJ�WKH�VSDQ�RI�WLPH�GH¿QHG�LQ�
WKH�¿UVW�FROXPQ��
6th column: Variation of the moon’s mean anomaly, i.e. the longitude of the mean 
PRRQ�PLQXV�WKH�ORQJLWXGH�RI�WKH�PRRQ¶V�DSRJHH��GXULQJ�WKH�VSDQ�RI�WLPH�GH¿QHG�
LQ�WKH�¿UVW�FROXPQ�
7th column: Variation of 2F, i.e. twice the moon’s argument of latitude during the 
VSDQ�RI� WLPH�GH¿QHG� LQ� WKH�¿UVW�FROXPQ��)�UHSUHVHQWV� WKH�GLVWDQFH�EHWZHHQ� WKH�

30 Before year 3411 AMI, the mean conjunction occurred after the molad. At the beginning 
of the Jewish calendar at the molad of Beharad, the mean conjunction had a delay of 1h 
47.5m with regard to Beharad.

31 In order to calculate a mean equinox or a solstice.
32 In ancient astronomy and still in the eighteenth century, the anomaly is considered with 

regard to the apogee. In modern astronomy we refer to the perigee.
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moon and the ascending node.
8th column: Parity of the variation of the argument of latitude. If the parity is 
even, then the moon’s latitude beholds its sign and the moon remains on the same 
side with regard to the ecliptic. If the parity is uneven, then the moon’s latitude 
changes its sign and the moon is now on the other side with regard to the ecliptic. 
If the parity is even, the moon’s latitude is positive, and if it is uneven, then the 
moon’s latitude is negative.
1st row: Gives the radices, or the different parameters at the epoch, i.e., the 
astronomical mean conjunction corresponding to the molad of Beharad. The 
addition of the radix of each parameter with the value of the variation of this 
SDUDPHWHU� GXULQJ� WKH� VSDQ� RI� WLPH� FRUUHVSRQGLQJ� WR� D� FHUWDLQ� OLQH� RI� WKH� ¿UVW�
column gives the value of this parameter after the end of this span of time counted 
from the astronomical mean conjunction corresponding to Beharad. The radices 
are the different values of the parameters at the moment of the astronomical 
conjunction corresponding to the molad of Beharad. The values of the radices 
were calculated by Hanover in such a way that the mean parameters calculated for 
his epoch correspond with the accepted astronomical values.

-XVWL¿FDWLRQ�IRU�WKH�9DULRXV�7DEOHV�,Q�Luhot Ha-Ibbur
7KLV�VHFWLRQ�SURYLGHV�MXVWL¿FDWLRQ�IRU�WKH�YDULRXV�WDEOHV�WKDW�+D�/HYL�RI�+DQRYHU�
has calculated in Luhot Ha-Ibbur.

7DEOH����0HDQ�0RYHPHQWV�RI�WKH�6XQ�DQG�0RRQ��WKH�0RODG��WKH�&RUUHFWLRQV�
DQG�6XSSOHPHQWV�GXULQJ����<HDU�&\FOHV
1. Tikkunim� RU� FRUUHFWLRQV� WKDW� DOORZ� RQH� WR� ¿QG� WKH� DVWURQRPLFDO� PHDQ 

conjunction distinct from the molad.

 For a span of 400 cycles of 19 years each, corresponding to 94,000 months, 
Hanover gives a correction of 3h 1063hal and 36/60 or 4,303.6 hal.33 The 
correction for one lunation is then 0.045 782 978 723 4 hal or 0.152 609 92 s. 
The lunation of Hanover is thus, instead of 29-12-793, 29d 12h 792.954 217 
021 277 hal or 29.530592369483 days. In other words, Hanover considers 
an astronomical month to be 29d 12h 44m 3.1807233s instead of the Jewish 
month of 29d 12h 44m 3.333s.

 This value is slightly higher than the following values mentioned by Lalande 

33 1 helek = 3 1/3 seconds.
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(1732–1807) in his Astronomy book published in 1764:
 Ismael Bouillaud (1605–1694): 29d 12h 44m 3.1603s
 Tobias Mayer (1723–1762): 29d 12h 44m 2.8897s
 Hanover considers that the astronomical conjunction coincided with the molad 

in Tishri 3411. Therefore in Tishri 5516 at the date of the publication of his 
book, after 2105 years34 or 26035 months after the epoch of coincidence,35 the 
GLIIHUHQFH� DPRXQWV� WR� ������ 
� �����������  � ����������V�  � �����P��7KH�
astronomical mean conjunction precedes the molad by 66.22m.

2. Yitronot or excesses represent the excess of the astronomical lunar years or 
cycles with regard to the tropical years.

Hanover gives for 400 cycles or 94000 lunations 33d 22h 856 hal.
94,000 Jewish months represent: 2,775,875.848 765 440 000 d 
&RUUHFWLRQ�IRU�DVWURQRPLFDO�OXQDWLRQV��RI��������KDO� í������� ���� ���� ����G
Length of 94000 astronomical lunations: 2,775,875.682 731 489 383 d 
([FHVV�RQ������WURSLFDO�\HDUV�� �í��������� ���� ���� ����G
Length of 7600 tropical years: 2,775,841.733 040 131 358 d 
Length of 19 tropical years:  6,939.604 332 605  d   
Length of a tropical year: 365.242 333 295  d 
If we compare the tropical year of Hanover with other historical data, we have the 
following elements:

Rabbi Adda 365d 5h 55m 25.4386s
Ptolemy, second century 365d 5h 55m 12s
Al-Battani, ninth century 365d 5h 46m 24s
Rabbi Abraham bar Hiyya (12th century) 365d 5h 55m 12s
Alphonsine Tables, 126 365d 5h 49m 16s
Copernicus (1473–1543) 365d 5h 49m 20s
Flamsteed (1646–1719) 365d 5h 48m 57.5s
Jacques Cassini (1677–1756) 365d 5h 48m 49s
De la Caille (1713–1762) 365d 5h 48m 49s  
Lalande, 1764 365d 5h 48m 45s

34� ����� ����
���������,W�FRUUHVSRQGV�WR����
���������
��������
���� �������PRQWKV�
35� 7KLV� VLPSOL¿HG�FDOFXODWLRQ��ZKLFK�GRHV�QRW� WDNH� LQWR�FRQVLGHUDWLRQ� WKH� UHDO� OHDS�\HDUV��

gives a result which does not differ from the true number of elapsed months by more than 
RQH�PRQWK��7KH�FRQVHTXHQFH�LV�LQVLJQL¿FDQW�
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Hanover, 1756 365d 5h 48m 57.6s
Tropical year 190 365d 5h 48m 45.97s

The tropical year of Hanover corresponds practically with the value of Flamsteed.

3. The sun’s anomaly
 Hanover gives a value of 9481 for 400 cycles; it represents the variation of the 

sun’s anomaly during 400 cycles or 94000 astronomical mean lunations. 
 According to the data given by Jean Meeus,36 the variation of the sun’s mean 

anomaly in 36525 days is today 35,999°. 050 30. We know that 94000 Jewish 
months represent 2,775,875.848 765 43d and 94000 astronomical lunations 
UHSUHVHQW�� DFFRUGLQJ� WR�+DQRYHU��������������������G�RU������G�
��������
�����������'XULQJ�WKLV�ODVW�SHULRG�WKH�VXQ¶V�DQRPDO\�LQFUHDVHV�E\������
�����
������������� ,I�ZH� WUDQVIRUP� WKLV� UHPDLQGHU� LQ�VHFRQGV�RI�DQJOH�ZH�REWDLQ�
������

��DQG�GLYLGLQJ�WKLV�E\�����UHVXOWV�LQ�������7KLV�¿JXUH�LV�YHU\�QHDU�WR�
�����JLYHQ�E\�+DQRYHU�DQG�LW�FRQ¿UPV�WKH�SURFHGXUH�RI�FDOFXODWLRQ��,Q�IDFW��
Hanover considers a variation of 35999°.043 792 3 in 36525 days, slightly 
different from the value of Meeus.

4. The moon’s anomaly
 Hanover gives a value of 508 for 400 cycles. It represents the variation of the 

moon’s anomaly during 94000 astronomical mean lunations.
 According to the data given by Jean Meeus,37 the variation of the moon’s 

mean anomaly in 36525 days is 477,198°.867 631 3. Now 94000 astronomical 
lunations represent, according to Hanover, 2,775,875.682 731 48d and 
FRUUHVSRQG� WR� �����G� 
� ������� ���� ���� ���'XULQJ� WKLV� SHULRG� WKH�PRRQ¶V�
DQRPDO\�LQFUHDVHV�E\��������
�����������������,I�ZH�WUDQVIRUP�WKLV�UHPDLQGHU�
in seconds of angle we obtain 130446'' and dividing this by 100 results in 
1304.46.

� $JDLQ�WKLV�¿JXUH�LV�FORVH�WR�����JLYHQ�E\�+DQRYHU��,Q�IDFW��+DQRYHU�FRQVLGHUV�
a variation of the moon’s anomaly of 477,198°.576 525 in 36525 days which 
is very close to the modern value of Meeus.

36 Jean Meeus, Astronomical Algorithms, Willmann-Bell, chapter 24, p. 151.
37 Jean Meeus, Astronomical Algorithms, Willmann-Bell, chapter 45, p. 308.
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5. The moon’s argument of latitude
 Hanover gives a value of 10818 for 400 cycles, or 94000 astronomical mean 

lunations, and an even parity for the variation of the argument of latitude. As 
we’ll see, Hanover tabulates twice the argument of latitude in his tables.

 According to the data given by Jean Meeus,38 the variation of the moon’s 
argument of latitude in 36525 days is 483,202°.017 527 3. Now 94000 
astronomical lunations represent, according to Hanover, 2,775,875.682 731 
��G�DQG� FRUUHVSRQG� WR������G�
�������������������'XULQJ� WKLV�SHULRG� WKH�
PRRQ¶V�DUJXPHQW�RI�ODWLWXGH�LQFUHDVHV�E\��������
�������������������,I�ZH�
transform this remainder in seconds of angle we get 545869.44 and dividing 
this by 100 results in 5459. Finally we multiply the result by 2, because 
Hanover tabulates 2F, and we get 10918. That means that Hanover’s variation 
of the moon’s argument of latitude is very close to the modern value and 
LV�ZRUWK� �������������� LQ� D� SHULRG� RI� ������ GD\V��1RZ�)!�N� 
� ����� DQG�
therefore the parity is even.

7DEOH����0HDQ�0RYHPHQWV�RI�WKH�6XQ�DQG�0RRQ��WKH�0RODG��WKH�&RUUHFWLRQV�
DQG�6XSSOHPHQWV�GXULQJ�<HDUV�RI�WKH�&\FOH�

1. Tikkunim
 Let us examine the line with 18 years corresponding to 222 months.
� 7KH�FRUUHFWLRQ� LV�����
������������������ ���������KDO� ����KDO����������

hence 10 hal 10/60 given by Hanover.

2. Yitronot, the differences between the lunar years, multiples of lunations and 
the tropical years.

 Generally the tropical years are longer than the lunar years. For example, if we 
consider the case of 18 years:

 18 tropical years, according to the length of Hanover, are:  6574.361 999 30 d.
 222 astronomical lunations:39�������
�������������������� �
 6555.791 506 03 d.
 Difference             18.570 493 27 d = 18d 13h 747 ch.
 The only exception is the case of 8 years which are shorter than 99 lunations.
 8 tropical years, according to the length of Hanover, are:  2921.938 666 358 d.

38 Jean Meeus, Astronomical Algorithms, Willmann-Bell, chapter 45, p. 308. 
39 According to the length of Hanover.
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 99 astronomical lunations:40������
�������������������� ������������������G�
� 'LIIHUHQFH�����������í���������������G� ��G���K�����KDO�
 At the creation of the world, the mean autumnal equinox was 15d 2h 235 

hal. after the astronomical mean conjunction corresponding to Beharad. This 
mean conjunction followed Beharad� E\� ������PRQWKV� 
� ������ ���� ��V�  �
6583.6399s =1h 49m 44s. This initial delay of 15d 2h 235hal must be added 
to the yitronot of the individual years (except the case of 8 years) and fractions 
of year, which increase the delay of the astronomical mean tekufot. On the 
contrary, the yitronot of the cycles, which bring the mean tekufot forward, 
must be subtracted.

3. The sun’s mean anomaly
 For example, after 18 years corresponding to 222 lunar months (astronomical 

months of Hanover) the variation of the sun’s anomaly is:
� ��������������������������
������������������41 = 6461°.3888 = 341°.3888 = 

1228999.68''. Hence 12290 given by Hanover.

4. The moon’s mean anomaly
 If we examine the line with 18 years, the variation of the moon’s anomaly after 

222 lunar months of Hanover is:
� ��������������������������
�����������������42 = 85,651°.3176 = 331°.3176 

= 1,192,743''.3600. Hence 11927 given by Hanover.
� )�!���N������
�����DQG�WKHUHIRUH�WKH�¿JXUH�RI�SDULW\�LV�XQHYHQ�

5. The moon’s argument of latitude
 The argument of latitude corresponding to the line with 18 years is:
� )�  � ���������� ���� ��� �� ������� 
� �������������43 � �������������  � ���
�

��������������  � ����������  � ���������

������ +HQFH� �)�  � ������ 
� ��  �
23678; corresponding to 10718 given by Hanover, after subtraction of 12960.

40 According to the length of Hanover.
41 The value adopted by Hanover.
42 See above, it is the value adopted by Hanover.
43 See above, it is the value adopted by Hanover.
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7DEOH����0HDQ�0RYHPHQWV�RI�WKH�6XQ�DQG�0RRQ��WKH�0RODG��WKH�&RUUHFWLRQV�
DQG�6XSSOHPHQWV�GXULQJ�WKH�0RQWKV

The values given for one month for the yitronot are those of one year divided by 
12. 

7DEOH����0RYHPHQW�RI�WKH�6XQ¶V�$QRPDO\�GXULQJ�'D\V�DQG�+RXUV

The variation of the sun’s anomaly for 29 days is given by:
�������������
������������������� ���������� �����������

��+HQFH������JLYHQ�
by Hanover.

7DEOH����0RYHPHQW�RI�WKH�0RRQ¶V�$UJXPHQW�RI�/DWLWXGH�GXULQJ�+RXUV

The variation of the moon’s argument of latitude for 12 hours is given by:
����������������������
���� ����������������� �������

�������+HQFH�����
��� �
476 given by Hanover.

Table 6. The Quota of the Sun’s Anomaly or the Equation of the Centre, 
and the Instantaneous Velocity of the Sun in Longitude (Variation of the 
Sun’s True Longitude per Hour)

The Quota of the Sun’s Anomaly
The anomaly of the sun and the moon varies between 0° and 360° or between 
0 and 1,296,000''. Hanover tabulates the anomaly in units of 100'', from 0 until 
12960. The area 0 until 6480 is read on the left column downwards; the quota of 
the anomaly is subtractive. The area 6480 – 12960 is read on the right column 
upwards; the quota of the anomaly is additive.

The quota of the sun’s anomaly, or the equation of the centre, represents the 
difference: 
ȁ�í�/�L�H���WKH�GLIIHUHQFH�EHWZHHQ�WKH�WUXH�ORQJLWXGH�DQG�WKH�PHDQ�ORQJLWXGH��7KH�
study of the elliptic movement allows writing:44

&� ������������VLQ�0��������������VLQ��0��������������VLQ��0��««««««
7KH�VXQ¶V�WUXH�ORQJLWXGH�LV�ȁ� �/���&��

44� (TXDWLRQ�RI�WKH�FHQWUH�IRU������DFFRUGLQJ�WR�0HHXV��:LOOPDQQ�%HOO�������FKDS������6RODU�
Coordinates.
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We have already mentioned that in ancient astronomy and even in the astronomy 
of the eighteenth century, the anomaly is calculated with regard to the sun’s apogee 
DQG�WKHUHIRUH�WKH�VLJQ�RI�&�FKDQJHV��WKH�HTXDWLRQ�ȁ�í�/� �&�EHFRPHV�ȁ�í�/� ���&�
in ancient astronomy and even in modern astronomy of the eighteenth century.

The equation of the centre given by Hanover is not very precise; it is even less 
precise than the quota of the anomaly given in volume 2 according to Maimonides, 
IROORZLQJ� WKH� DQFLHQW� DVWURQRP\� RI� 3WROHP\�� ,W� LV� GLI¿FXOW� WR� XQGHUVWDQG� KRZ��
in the eighteenth century, Hanover gives an equation of the centre of 2.06° for 
M=90° and 270°. In the following comparative table M is the anomaly according 
WR�WKH�PRGHUQ�GH¿QLWLRQ��UHIHUULQJ�WR�WKH�SHULJHH��LW�LV�H[SUHVVHG�LQ�GHJUHHV��7KH�
equation of the center is positive for M < 180°. It is expressed in seconds of arc: 
1''  = 0.0002778°.

0� �ȁ�í�/ Meeus (1900)1 Hanover 
(1756) 

Hanover (ancient 
astronomy)

Lalande 
(1764)

     0° 0        0 0 0

    10°    1225.2   1318    1260    1229
    20°    2410.81   2592    2520    2418.3
    30°    3518.74   3784    3660    3529.7 
    40°    4513.86   4859    4740    4527.8
    50°    5365.17   5770    5580    5381.8
    60°    6046.92   6503    6300    6065.6
    70°    6539.28   7029    6780    6559.3
    80°    6828.89   7337    7080    6849.7
    90°    6909   7425    7140    6930.1
   100°    6779.44   7281    7020    6800.1
   110°    6446.32   6926    6660    6465.8
   120°    5921.65   6350    6060    5939.5
   130°    5222.7   5605    5340    5238.4
   140°    4371.37   4689    4500    4384.4
   150°    3393.42   3641    3480    3403.5
   160°    2317   2490    2400    2328.8
   170°    1175.69   1262    1200    1179.3
   180°      0     0     0      0
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7KH�VRODU�HTXDWLRQ�RI�WKH�&HQWHU��0� �����FRUUHVSRQGV�IRU�+DQRYHU�DQG�/DODQGH�
WR�DQ�DQRPDO\�RI�������2QH�FDQ�REVHUYH�WKH�YHU\�JRRG�FRLQFLGHQFH�EHWZHHQ�WKH�
values of Lalande and the modern values. The values given by Hanover are less 
precise. Engineer Eran Raviv got a perfect coincidence between the values given 
by Hanover and those derived from the theoretical formula: 
�&� ���H�±�����Hñ��VLQ�0�������Hð�VLQ�0
FRV�0�IRU�DQ�HFFHQWULFLW\�RI�H� ����������a�
0.018 instead of the correct value of 0.01680 adopted by Lalande45. The greatest 
HTXDWLRQ�RI�WKH�VXQ�LV�����

 ��������+DQRYHU��LQVWHDG�RI������¶�����

��/DODQGH���
The values of Hanover are worse than those adopted by al-Battani nearly 8 cen-
turies before. The approach adopted by Hanover remains a conundrum. M is 
given in degrees and C in seconds of arc.

Instantaneous Velocity of the Sun in Longitude
ȁ� �/��������������VLQ�0��������������VLQ��0�������������VLQ�0««««46

or in radians:
ȁ� �/�����������������VLQ�0����������������VLQ��0����������������VLQ�
3M……..

If we want to express the velocity in seconds of arc per hour we need to know:
dL / dt = 36000°.769083/36525 = 0.985 647 360 °/day or 147.8471 ''/h. and
dM /dt =35999°.050030 / 36525 = 0.985 600 281 °/day or 147.8400 ''/h.

The instantaneous velocity of the sun on the ecliptic is thus:
Gȁ���GW� ���������

�K����������&RV�0����������&RV��0����������&RV��0

:KHQ�WKH�VXQ�LV�DW�WKH�SHULJHH�WKH�DQJXODU�YHORFLW\�LV�PD[LPDO���������������� �
152.79''/h.

:KHQ�WKH�VXQ�LV�DW�WKH�DSRJHH��WKH�YHORFLW\�LV�PLQLPDO���������í������ ������ª�K��
Hanover rounds off at 143''/h, 148''/h and 153''/h. The same procedure allows 
calculating the angular velocity of the true longitude and true anomaly for any 
value of M. It is likely that Hanover calculated the velocity by another procedure, 
XVLQJ�KLV�IDYRULWH�PHWKRG�RI�WKH�¿QLWH�GLIIHUHQFHV��)RU�H[DPSOH��ZKHQ�0� ���DQG�
the sun is at its perigee, for Hanover the anomaly is 180°, the quota of the anomaly 
is 0°.

45� 7KH�FRPSDULVRQ�RI�WDEOH���ZLWK�WKH�WDEOH�RI�¿JXUHV�REWDLQHG�E\�WKH�WKHRUHWLFDO�IRUPXOD�
DOORZHG�(UDQ�5DYLY� WR�FRUUHFW� VRPH�PLVSULQWV� LQ�7DEOH����)RU� WKH�DQRPDO\�RI���������
instead of 172 (as indicated in fact in the erratum), for 59°: 6284 instead of 6254 and for 
144°: 6845 instead of what could be erroneously read as 6815 because the 4 is very weak.

46 Astronomical Formulae for Calculators, Jean Meeus, Willmann-Bell 1982, chapter 18: 
Solar Coordinates, p. 80. Astronomical Algorithms, Jean Meeus, Willmann-Bell 1991, 
chapter 24, Solar Coordinates, p. 152.
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When M = 1° (for Hanover the anomaly is 181°), then the quota of the anomaly is 
133''. Thus when the mean anomaly of Hanover increases from 180° to 181° the 
true anomaly increases from 180° to 181.0369°. The true velocity is thus the mean 
YHORFLW\�PXOWLSOLHG�E\��������RU�������
�������� ����

�K�

7DEOH����7KH�0RRQ¶V�4XRWD�RI�WKH�$QRPDO\�DW�0HDQ�&RQMXQFWLRQ�RU�2SSR-
VLWLRQ�DQG�WKH�0RRQ¶V�$QJXODU�9HORFLW\�RI�WKH�7UXH�/RQJLWXGH

The movement of the moon is much more complicated. The quota of the anomaly 
FRUUHVSRQGLQJ� WR�ȁ
�±�/
� L�H�� WKH�GLIIHUHQFH�EHWZHHQ� WKH� WUXH� ORQJLWXGH�DQG� WKH�
mean longitude, includes in addition to the equation of the centre, different 
perturbations, some of them having a special name. The most important of these 
perturbations is the evection which was already detected by Hipparchus of Nicea 
LQ�WKH�VHFRQG�FHQWXU\�%&(��EXW�3WROHP\��LQ�WKH�VHFRQG�FHQWXU\��ZDV�WKH�¿UVW�WR�
formulate the law of its time dependence. We have the following relation between 
ȁ
��WKH�WUXH�PRRQ¶V�ORQJLWXGH�DQG�/
�WKH�PHDQ�PRRQ¶V�ORQJLWXGH�47

ȁ
� �/
��������������VLQ�0
�������������VLQ���'�í�0
���������������VLQ��'���
�����������VLQ��0
�±������������VLQ�0�±������������VLQ��)��������������VLQ���'�
í��0
���«««��
The same relation, written in radians, gives:
ȁ
� �0
�����������������VLQ�0
�����������������VLQ���'�í�0
������������������
VLQ��'�����������������VLQ��0
�í���������������VLQ�0�í���������������VLQ��)���
��������������VLQ���'�í��0
����««««
In order to calculate the derivative of this relation, we need the following data:
dL' / dt = 1976.4595''/h.
dM' / dt = 1959.7489''/h.
dD / dt = 1828.6124''/h
dF /dt = 1984.4025''/h
G���'�í�0
���GW� ����������

�K�
G���'�í��0
����GW� �í���������

�K�
:H�¿QG�WKHQ��GHULYLQJ�WKH�IRUPHU�UHODWLRQ�DQG�DGRSWLQJ�

�K�DV�D�XQLW�RI�DQJXODU�
velocity:
Gȁ
���GW� ����������

�K������������
�&RV�0
�����������
�&RV��'�í�0
������������

�&RV��'�����������
�&RV��0
�±��������
�&RV�0�±��������
�&RV��)�±��������
�
&RV��'�í��0
����««��

47 Astronomical Formulae for Calculators, Jean Meeus, Willmann-Bell 1982, chapter 30: 
position of the moon, p. 149.
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$W�WKH�WLPH�RI�WKH�V\]\JLH�RU�RSSRVLWLRQ��'� ���DQG�LI�0
�LV�HTXDO�WR����WKHQ�ȁ
�ZLOO�EH�
PD[LPXP��7KH�PD[LPXP�YDOXH�RI�ȁ
�LV�DERXW����������������������������������
������������������±��������a�����

�K��6LPLODUO\�WKH�PLQLPXP�YDOXH�LV�UHDFKHG�IRU�
0
 ������DQG�LV�DERXW�����

�K��,I�ZH�FRQVLGHU�RQO\�WKH�¿UVW�SHUWXUEDWLRQ�WHUP�ZH�KDYH� 
ȁ
�PD[�� ��������

�K�DQG�ȁ
�PLQ�� �����

�K�

+DQRYHU�SUREDEO\�XVHG�D�VLPSOL¿HG�HTXDWLRQ�RI�WKH�FHQWHU�
7KH�HFFHQWULFLW\�RI�WKH�PRRQ¶V�WUDMHFWRU\�LV�WRGD\�DERXW��������DQG�WKH�VLPSOL¿HG�
equation of the centre given by the theory of the elliptic movement is then:

&
� ���������VLQ�0
����������VLQ��0
��&
�EHLQJ�FDOFXODWHG�LQ�UDGLDQV��RU� LQ�
degrees:
&
� ���������VLQ�0
�����������VLQ��0
�
7KH�HYHFWLRQ�LV�JLYHQ�E\�(Y� ���������VLQ���'�±�0
���ZKHUH�'� �/�±�/
�LV�WKH�PHDQ�
HORQJDWLRQ��$W�WKH�FRQMXQFWLRQ�'a����DQG�(Y� �௅�VLQ�0
��LW�GLPLQLVKHV�WKH�TXRWD�RI�
WKH�DQRPDO\�WR���������VLQ�0
�����������VLQ��0
��+DQRYHU�JLYHV�������IRU�0
� �
90 and 270° which is a very good approximation.
The variation of the moon’s true longitude per hour or the angular velocity of the 
moon’s true longitude could then have been calculated by Hanover as follows: 
ȁ
 �/
���&
�
Gȁ�
�GW� �G/�
�GW���G&
��GW

dL'/dt is the angular velocity of the mean longitude, and its value48 is 
481,267°.881342 /36525= 13°.176396477°/day or 1976.4595 ''/h. If we express 
C' in radian and neglect the second term: C' = 0.0875 sin M' and therefore dC '/dt 
= 0.0875 cos M' dM '/dt.
Where:
dM '/dt = 477198°.8676313/ 36525 = 13.0650°/day or 1959.7489''/h.49 We see that 
the angular velocity of the mean anomaly and the mean longitude are respectively 
1959.75''/h and 1976.46''/h, and are not very different50 from each other; they 
differ by less than 1% and therefore the angular velocity of the true longitude and 
the true anomaly are also very close.
:KHQ� WKH�PRRQ� LV� DW� WKH� SHULJHH� WKH� DQJXODU� YHORFLW\� LV�PD[LPDO�� �������� ��
������
�������� �����

�K�

48 According to the modern value, which does not differ appreciably from Hanover’s value.
49 This is again the modern value, which does not differ appreciably from Hanover’s value.
50 The difference between the angular velocity of the longitude 1976.4595"/h and the angular 

velocity of the anomaly 1959.7489"/h is 16.7105"/h; it represents the angular velocity of 
the apogee and perigee of the lunar orbit. In the case of the sun the difference between the 
angular velocity of the longitude and the anomaly is only 0.0071"/h.
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:KHQ�WKH�VXQ�LV�DW�WKH�DSRJHH��WKH�YHORFLW\�LV�PLQLPDO����������±�������
��������
= 1805''/h. 
Hanover rounds off the angular velocity to 1814''/h, 1966''/h and 2157''/h.

The same procedure allows one to calculate the angular velocity of the true 
longitude for any value of M. It is likely that Hanover calculated the velocity by 
DQRWKHU�SURFHGXUH��XVLQJ�KLV�IDYRULWH�PHWKRG�RI�WKH�¿QLWH�GLIIHUHQFHV��)RU�H[DPSOH�
when M'= 0 the moon is at its perigee, thus for Hanover the anomaly is 180°, the 
quota of the anomaly is 0°.
When M' = 1° and for Hanover the anomaly is 181°, then the quota of the anomaly 
is 332''. Thus when the mean anomaly of Hanover increases from 180° to 181° the 
true anomaly increases from 180° to 181.0922°. The true velocity is thus the mean 
YHORFLW\�PXOWLSOLHG�E\��������RU������
�������� �����

�K��,Q�IDFW��WKHUH�LV�D�ODFN�
of precision and coherence in the velocities given by Hanover.

It is nevertheless the velocities of the moon and the sun on the ecliptic which 
we are searching for, thus we must use the true angular velocities of the moon’s 
and sun’s longitude. It is thus strange that Hanover did not use 1976''/h as the 
mean angular velocity of the moon’s longitude instead of 1966''/h.

3ULQFLSOH�RI�8WLOL]DWLRQ�RI�7DEOHV���DQG��

Hanover’s tables 1 to 5 are based on the mean movements of the sun and moon. 
Because of the eccentricity of the orbits, the sun may be 1°.9 (maximum value of 
the sun’s equation of the centre) on either side of its mean position and the moon 
6°.3 (the maximum value of the moon’s quota of the anomaly). Moreover, there 
are periodic perturbations in the moon’s longitude. However, at the new and full 
moon D = L – L'~ 0 or 180°, the evection and other perturbation terms reduce the 
moon’s maximum deviation from 6°.3 to 5°.4. Therefore, the relative positions 
RI�WKH�WZR�FHOHVWLDO�ERGLHV�PD\�YDU\������������� ������IURP�WKH�PHDQ�YDOXH�QHDU�
the conjunction or the opposition. As the hourly motion of D = L – L' is 0°.51, 
WKH�PD[LPXP�WLPH�LQWHUYDO�ǻW�EHWZHHQ�WKH�PHDQ�QHZ��RU�IXOO��PRRQ�DQG�WKH�QHZ�
true (or full) moon will be 7°.3 / 0°.51 = 14.3 hours. This explains why Table 5 is 
calculated with an entry for maximum 14 hours.

1RZ�RQH�¿QGV�DW�WKH�PHDQ�FRQMXQFWLRQ�WKH�PHDQ�DQRPDO\�RI�WKH�VXQ�0� �/�í�ī�
í������DQG�WKHQ�WKURXJK�7DEOH���WKH�TXRWD�RI�WKH�DQRPDO\�ȁ�í�/��L�H��WKH�GLVWDQFH�
EHWZHHQ�WKH�WUXH�DQG�WKH�PHDQ�VXQ��2QH�DOVR�¿QGV�WKH�PHDQ�DQRPDO\�RI�WKH�PRRQ�
DQG�WKHQ�WKURXJK�7DEOH���WKH�TXRWD�RI�WKH�DQRPDO\�RI�WKH�PRRQ�ȁ
�±/
��%XW�DW�WKH�
PHDQ�FRQMXQFWLRQ�/� �/
��DQG�WKHUHIRUH�ZH�NQRZ�ȁ�±ȁ
��WKH�GLVWDQFH�EHWZHHQ�WUXH�
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sun and true moon. Now if we consider the position of the true moon and the true 
sun, there are two possibilities: 

 a)   The sun’s true longitude is greater than the moon’s true longitude.
� 7KH� WUXH� FRQMXQFWLRQ�ZLOO� RFFXU�ǻW� DIWHU� WKH�PHDQ� FRQMXQFWLRQ��'XULQJ� WKLV�

WLPH�ǻW�WKH�PRRQ�PXVW�FDWFK�XS�ZLWK�WKH�VXQ��$V�WKH�PRRQ¶V�YHORFLW\�LV�DERXW�
13 times the sun’s velocity, the moon will, during this span of time, cover the 
GLVWDQFH�EHWZHHQ�WKH�PRRQ�DQG�WKH�VXQ���WKH�OLWWOH�GLVWDQFH�FRYHUHG�E\�WKH�VXQ��
This is the reason why Hanover takes the instantaneous velocity of the moon 
at half-way of the distance between true moon and true sun at the moment of 
the mean conjunction.

 b)   The true moon’s longitude is greater than the true sun’s longitude.
 In this case the moon has already outrun the sun and therefore the true 

FRQMXQFWLRQ�ZDV�ǻW�EHIRUH�WKH�PHDQ�FRQMXQFWLRQ�

 With the instantaneous angular velocity of the moon at half-way the distance 
between the true moon and the true sun, and with the angular velocity of the 
VXQ�ZH�¿QG�E\�VXEWUDFWLRQ�WKH�UHODWLYH�DQJXODU�YHORFLW\��7KH�TXRWLHQW�RI�WKH�
GLVWDQFH�E\�WKH�YHORFLW\�JLYHV�WKH�WLPH�ǻW�ZKLFK�PXVW�EH�DGGHG�WR�RU�VXEWUDFWHG�
from the time of the mean conjunction to get the true conjunction. The next 
VWHS�LV�WKHQ�WR�¿QG�WKH�DUJXPHQW�RI�ODWLWXGH�)�RI�WKH�WUXH�PRRQ��

� )��WUXH�PRRQ�� �)��PHDQ�PRRQ�����ȁ
�±�/
����ǻ)�ǻW���
� 2U����
�)��WUXH�PRRQ�� ���
�)�PHDQ�PRRQ�������ȁ
�±�/
������
�ǻ)�ǻW���ZKHUH�WKH�

¿UVW�WHUP�KDV�EHHQ�FDOFXODWHG�WKURXJK�WKH�¿UVW�WDEOHV��WKH�VHFRQG�WHUP�LV�IRXQG�
through Table 7; it is twice the quota of the moon’s anomaly divided by 100 
DQG�WKH�ODVW�WHUP�LV�FDOFXODWHG�WKURXJK�7DEOH���IRU�WKH�VSDQ�RI�WLPH�ǻW�EHWZHHQ�
mean and true conjunction.

Numerical Examples

+DQRYHU� FRQVLGHUV� LQ� KLV� ¿UVW� H[DPSOH�� WR� ZKLFK� ZH�ZLOO� OLPLW� RXUVHOYHV�� WKH�
conjunction of Adar II of the year 5497 in Hanover, corresponding to Friday, 
March 1, 1737.

1. Calculation of the molad��7KH�PRODG�RI�$GDU�,,�ZDV���௅���௅�����

2. Calculation of the corrected molad = mean conjunction.
 The number of elapsed years between the current year 5496 and 3411 = 2085 = 
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����
���������\HDUV��7KH�WRWDO�FRUUHFWLRQ�LV��K�����KDO��7KH�PHDQ�FRQMXQFWLRQ�
is thus 7-0-549 in Jerusalem and 6-22-464 in Hanover. The modern mean 
conjunction calculated with the Table of Meeus51 gives the mean conjunction 
at 16h 03m in Hanover, about 20 minutes before.

3. Calculation of M and M', the sun and moon’s mean anomalies at the mean 
conjunction.

 According to the procedure of Hanover, based on the fact that the molad of 
Adar II was preceded by 289 cycles of 19 years, 5 years and 6 months, we 
¿QG�0� �������DQG�0
� ��������$V������ ����������

�RU��������

������ZH�
VXEWUDFW�WKH�JUHDWHVW�SRVVLEOH�PXOWLSOH�RI�������DQG�¿QG�0� �������DQG�0
� �
�������

4. The quota of the sun’s anomaly.
� 7KH�VXQ¶V�PHDQ�DQRPDO\�LV������� )RU�0� ������WKH�TXRWD�LV������
����������������������������� )RU�0� ������WKH�TXRWD�LV������
                      Difference of M = 36 and difference of the quota is 61.
� 7KXV�IRU�0� �������WKH�TXRWD�LV�����������
�������� �������
 The angular velocity of the sun is 151''/h.

5. The quota of the moon’s anomaly.
� 7KH�PRRQ¶V�DQRPDO\�LV�������� )RU�0
� �������WKH�TXRWD�LV�������
��������������������������� )RU�0
� �������WKH�TXRWD�LV�������
                     Difference of M'= 36 and difference of the quota is 264.  
� 7KXV�IRU�0
� �������WKH�TXRWD�LV�������±�����
�������� ��������7KH�PRRQ¶V�

velocity is 1832''/h. At the moment of the mean conjunction the mean sun 
and mean moon coincide; the true sun is ahead by 6587'' and the true moon is 
ahead by 8529''. The distance between true sun and true moon is 8529 – 6587 = 
1942'', the moon being ahead of the sun by 1942''. The velocity of the moon is 
about 13 times the sun’s velocity. Therefore the coincidence of sun and moon 
occurs near the position of the true sun at the moment of the mean conjunction. 
The greatest part of the distance of 1942'' between sun and moon at the time 
of mean conjunction is covered by the moon. The mean anomaly of the moon 
at the time of mean conjunction is 11888 and the true anomaly of the moon 

51 Meeus Jean, Syzygies Tables, Kessel-Lo 1963.
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DW�WKH�VDPH�PRPHQW�LV������������ ��������7KH�PHDQ�YDOXH�RI�WKH�PRRQ¶V�
true anomaly during the time used by the true moon to cover the distance of 
1942'' is 11973 – (19.42/2) = 11963. The mean anomaly at the same moment 
is 11963 – 85 = 11878 and the corresponding velocity of the moon is 1832.52  
The relative velocity of the two bodies is 1832''/h – 151''/h = 1681''/h. The 
true conjunction was 1942/1681 = 1.06 h = 63.6 m = 1h 168 hal. before mean 
conjunction, because at mean conjunction the true moon had already outrun 
the sun by 1942''.

6. Calculation of the true conjunction.
 The mean conjunction was at 7-0-549, the true conjunction was 0-1-168 before 

at 6-23-381 in Jerusalem or 6-21-296 in Hanover. According to the table of 
0HHXV��ZH�¿QG� D� SHUIHFW� FRLQFLGHQFH�� )ULGD\��0DUFK� ��� ��K� ��P�+DQRYHU�
mean time.

7. Calculation of the following mean opposition, on Saturday, March 16, 1737.
 We depart from the mean conjunction (corrected molad), to which we add 

0-18-396, the modulo of 14-18-39653 with regard to 7. The mean opposition 
was thus 7-18-945.

8. Calculation of M and M', the sun and moon’s mean anomalies, at the moment 
of the mean opposition.

 At the moment of the mean conjunction (molad corrected i.e. molad minus 
correction).

 We have found M = 8690 and M'= 11888. We add the variation of the anomaly 
IRU�D�KDOI�PRQWK��0� ������������ ������DQG�0
� �������������� ������� �
������í������� ������

� )URP�7DEOH���ZH�¿QG�WKH�TXRWD�RI�WKH�VXQ¶V�PHDQ�DQRPDO\�&�0�� �������DQG�
IURP�7DEOH���ZH�¿QG�WKH�TXRWD�RI�WKH�PRRQ¶V�PHDQ�DQRPDO\�&
��0
�� �௅�������
7KH�GLVWDQFH�EHWZHHQ�WKH�WZR�ERGLHV�LV�WKXV������������� ��������7KH�PRRQ¶V�

52 Thus this little correction replaces the moon’s mean anomaly at the moment of mean 
conjunction of 11888 by the moon’s mean anomaly at half of the covered distance of 
1942" corresponding to the distance between mean conjunction and true conjunction. At 
WKLV�PRPHQW�WKH�PHDQ�DQRPDO\�LV�������í���� ��������7KLV�DOORZV�FDOFXODWLQJ�WKH�PRRQ¶V�
velocity with more precision.

53 The half of 29 – 12 – 793, the length of one month.
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mean anomaly at the half of the covered distance between the mean moon at 
mean opposition and true moon at mean opposition is 5873 – (127, 42/2) = 
5873 – 64 = 5937. The corresponding moon’s velocity is 2150''/h while the 
sun’s velocity is 150''/h and the relative velocity is 2000''/h. The span of time, 
counted from the mean opposition allowing the moon to catch up to the sun 
LV������������ ������K�RU��K�����FK��7KH�WUXH�RSSRVLWLRQ�LV�WKHQ������������
0-6-401 = 1-1-266 in Jerusalem and 7-23-181 in Hanover corresponding to 
Sunday, March 17, 1737 at 17h 10m. 

9. Calculation of the moon’s argument of latitude at the moment of true 
conjunction in order to check the possibility of a solar eclipse.

 At the beginning of Nissan 1737, 5496 years have elapsed from Beharad, 
corresponding to 289 cycles 5 years and six months. Twice the argument of 
latitude, at the moment of the mean conjunction, is found to be 25248 and the 
parity is 9. In order to calculate the argument of latitude at the true conjunction 
we apply the relation examined above:

� ��
�)�WUXH�PRRQ�� ���
�)�PHDQ�PRRQ�������ȁ
�±�/
������
�ǻ)�ǻW��
� �)�WUXH�PRRQ�� ����������
������������ǻ)���K����FK�54 �������������±����

 ������� �������DIWHU�VXEWUDFWLRQ�RI��������7KH�¿JXUH�RI�SDULW\�ZKLFK�ZDV���
becomes 10.

 2F = 12413 means that the moon is near one of the nodes because 12960 – 
12413 = 547 < 1150. According to the rules given in Table 8, there is a solar 
eclipse at the moment of true conjunction and the sun is eclipsed in its upper 
part because the moon is north of the sun. Indeed the true conjunction occurred 
at 15h 16m in Hanover, and the solar eclipse was visible.

10. Calculation of the moon’s argument of latitude at the moment of the true 
opposition in order to check the possibility of a lunar eclipse.

 We depart from twice the argument of latitude at the mean conjunction, and 
add twice the argument of latitude for a half month, i.e. 1104. We obtain at the 
mean opposition:

� ��
�)� �������������� ��������ZLWK�D�¿JXUH�RI�SDULW\�HTXDO�WR������� �����1RZ�
at the true opposition:

� ��
�)�WUXH�PRRQ�� ��
�)�PHDQ�PRRQ�������ȁ
�±�/
������
�ǻ)�ǻW��
� ��
�)�WUXH�PRRQ�� �������í����
���������������ǻ)��K�����FK�� �������±�������

54 Table 5.
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253 = 26495. After subtraction of 25920, corresponding to twice 360°, we get 
����ZLWK�D�SDULW\�¿JXUH�RI�������� �����$V�����������������ZH�KDYH�D�SDUWLDO�
OXQDU�HFOLSVH�DQG�VLQFH�WKH�¿JXUH�RI�SDULW\�LV�HYHQ��WKH�PRRQ�LV�QRUWK�RI�WKH�VXQ��
Nevertheless this partial lunar eclipse of its inferior part happens around 17h 
10m Hanover mean time and the eclipse could not be seen because the sun had 
not yet set at this hour, and the moon was not yet visible at this time.

11. Calculation of the mean equinox
 Thanks to the yitronot, we calculate the distance of the mean equinox with regard 

to the mean conjunction or corrected molad. This molad was preceded by 289 
cycles, 5 years and 6 months. We add to the radix 15-2-235, representing the 
delay of the autumnal mean equinox of Beharad with regard to the corrected 
molad of Beharad, the yitronot of the years and months which are longer than 
WKH�OXQDU�\HDUV��DQG�WKLV�JLYHV�WKH�¿UVW�VXP�����௅�௅����55 We add the yitronot 
of the different cycles, which are longer than the tropical years, and we get 
௅���௅��௅������WKLV�JLYHV�WKH�VHFRQG�VXP�56�:H�VXEWUDFW�LW�IURP�WKH�¿UVW�VXP�
and get 20-20-351, representing the delay of the mean equinox with regard to 
the molad of the seventh month, in our case Adar II. The mean conjunction 
(corrected molad) of Adar II 5497 was 7-0-549 and the equinox was 27-20-
900 or 6-20-900. It corresponds to Friday, March 22, 1737.

12. Calculation of the true equinox
 The sun’s mean anomaly at the moment of the mean conjunction of Adar II was 

8690. We add to it the variation of the sun’s anomaly during 20 days i.e. 710, 
during 20 hours, i.e. 30 and during 351 ch, i.e. ~0, in total 740, the sun’s mean 
DQRPDO\�DW�WKH�PRPHQW�RI�WKH�PHDQ�HTXLQR[�LV�WKHQ������������ �������7KH�
FRUUHVSRQGLQJ�VXQ¶V�TXRWD�RI�WKH�DQRPDO\�LV�������DQG�WKH�DQJXODU�YHORFLW\�
of the sun is 149. In other words, at the moment of the mean equinox, the 
distance between the true sun and the mean sun is 7373''. The time necessary 
for the sun to cover this distance is 7373 / 149 = 49.4832 = 49h 522 ch. At 
the moment of the mean equinox the true sun was in advance by 7373'' with 

55 These yitronot�DUH�UHODWHG�WR�WKH�VSDQV�RI�WLPHV�ORQJHU�WKDQ�WKH�OXQDU�PRQWKV��7KLV�¿UVW�
sum, given in days, hours and halakim, represents the delay of the tekufa after the corrected 
molad.

56 These yitronot are related to the spans of time shorter than the lunar months. The second 
sum, given in days, hours and halakim, represents a span of time before the corrected 
molad.
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respect to the mean sun, the true equinox thus preceded the mean equinox and 
was on 6-20-900 – 2-1-522 = 4-19-378 in Jerusalem and 4-17-293 in Hanover, 
corresponding to Wednesday, March 20, 1737, at 11h 16m or 10h 55m G.M.T. 

13. Comparison with more precise data57

 If we compare the results of Hanover with the tables of Meeus, we get the 
following comparison.

� $W�WKH�PHDQ�FRQMXQFWLRQ��0��+DQRYHU�� �������0��������0HHXV�� �����
���������������������� 0
� ����������0
����������������� ������
���������������������� �)� �����������)� ��
�������� ������
 indeed 1° = 3600' = 36.
 Mean conjunction: 6-22-464 in Hanover or 16h 26m.

  Meeus: Friday, March 1, 1737 at 16h 03m in Hanover.

 True conjunction: Hanover: 6-21-296 in Hanover or 15h 16m.

  Meeus: Friday, March 1, 1737 at 14h 57m in Hanover.

 Mean equinox:  Hanover: 6-20-900

 True equinox: Hanover: 4-17-293 in Hanover or 11h 16m.
  Meeus: Wednesday, March 20, 1737 at 14h 1m in Hanover.

Conclusions and Acknowledgements
The book Luhot ha-Ibbur, printed in 1756, was aimed at well-read Jewish people, 
ZKR�ZHUH�QRW�DEOH�WR�¿QG�DQG�FRQVXOW�VSHFLDOL]HG�ERRNV�LQ�*HUPDQ��,W�LV�HYHQ�OLNHO\�
WKDW�D�VLPLODU�ERRN�GLG�QRW�H[LVW�LQ�*HUPDQ��,W�ZDV�QRW�FRPPRQ�WR�¿QG�D�ERRN��
based on astronomical and reliable data, that was written for laymen. This book 
can be compared to the “Syzygie Tables”58 which allow the calculation of true 
conjunctions and oppositions, and check the occurrence of solar or lunar eclipses. 
All the books of Meeus depart from the same principle: writing astronomical 
books at a professional level, with numerical data adapted for practical use, aimed 
at laymen and lovers of astronomy. The Luhot ha-Ibbur were constructed on the 
basis of the Jewish calendar with remarkable precision, rigorous logic and order, 
justifying Hanover’s reputation as an extraordinary skilled calculator. The only 
VKRUWIDOO�WKDW�FRXOG�EH�VXJJHVWHG�LV�WKH�DEVHQFH�RI�H[SODQDWLRQV�DQG�MXVWL¿FDWLRQV��

57 According to contemporary data.
58 Jean Meeus, 1963.
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The author was aware of the problem and he intended to write a third part to his 
book for that purpose. Nevertheless, the examples are very detailed and complete 
and allow readers to learn the calculation methods.

The tables of the solar and lunar mean movements are calculated with the 
highest precision. Nevertheless, the length of the moon’s synodic lunation and 
the length of the tropical year are slightly different from modern values and less 
good than the data adopted during the same epoch by Tobias Mayer and Lalande.

Hanover’s tables take into account a rough approximation of the equation of 
the centre for determining the true position of the sun, and only the equation of the 
centre and the evection for determining the true position of the moon.

In Table 6, relative to the sun, we observed the lack of precision of the quota of 
the anomaly (equation of the centre) which reaches a maximum of 2°.0659 instead 
of 1°; 59' adopted by Al-Battani60 and the modern value of 1°; 55'61 adopted by 
Lalande.
In Table 7, relative to the moon, the moon’s velocity in longitude is also 
XQMXVWL¿DEOH��7KH�PHDQ�YHORFLW\�RI�����

�K�LV�FRPSURPLVHG�EHWZHHQ��������

�K�
(the mean velocity of the moon’s anomaly) and 1976.46''/h (the mean velocity of 
the moon’s longitude). Similarly Hanover’s minimum and maximum velocities 
FDQQRW�EH�MXVWL¿HG�

 

59 See Table 6: 7426 for a solar anomaly of 3276 = 91°. This value is much too high; it is 
nearly the value of Ptolemy!

60� ,Q�DERXW�����&(��7KLV�YDOXH�ZDV�DGRSWHG�E\�0DLPRQLGHV�LQ�Hilkhot Kiddush ha-Hodesh.
61 Lalande gives 1° 55' 31.6" and an eccentricity of 0.01680207 in his Astronomy, tome 2, 

n° 1266, Paris 1764, 1771 and 1791 (dates of the three editions).
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$33(1',;

7KH�7LPHWDEOH�RI�+DQRYHU�������62

This little document, on one sheet of paper, deserves much attention because it 
represents a real revolution in Jewish life regarding the calculation of halakhic 
WLPHV�WKURXJKRXW�WKH�GD\��DQG�PRUH�VSHFL¿FDOO\�WKH�EHJLQQLQJ�DQG�HQG�WLPHV�RI�
WKH�6DEEDWK��,W�LV�LQGHHG�WKH�¿UVW�SULQWHG�GRFXPHQW�FDOFXODWLQJ�WKHVH�WLPHV�RQ�WKH�
EDVLV�RI�D�¿[HG�GHSUHVVLRQ�RI�WKH�VXQ�XQGHU�WKH�KRUL]RQ�WKURXJKRXW�WKH�\HDU��7KH�
time is expressed in true time. The table was established for a latitude of 52.5°. 
The refraction adopted in the eighteenth century was 0°; 32'63. The obliquity of the 
ecliptic was probably 23°; 29'.64 Furthermore in the eighteenth century sunrise and 
sunset were moments when the apparent position of the centre of the sun is on the 
horizon, i.e. when the solar depression is 0°; 32'.65 On this basis I have calculated 
that Hanover considered a solar depression of
Æ 8°; 05' for the time “mishe’yakir”�ʸʩʫʩʹʮ, which he calls “alot ha’shachar.”
Æ 0°; 32' for sunrise and sunset
Æ 7°; 10' 66 for “tzet ha’kochavim” (appearance of the stars)

7KLV� WDEOH� ZDV� DFFODLPHG� E\� VRPH� UDEELQLFDO� DXWKRULWLHV� RI�:HVWHUQ� (XURSH��
Rabbi Tsvi Hirsh Levin of Berlin (1721–1800) and his son Solomon Hirshel 
(1762–1842) used it to construct a more detailed liturgical horary based on 
the calculation of long temporary hours, which assumed that the religious day 
begins with a solar depression of 8°; 05' and ends with a depression of 7°; 10'.67 
Rabbi Nathan Adler (1741–1800) used the table of Hanover and adapted it to 
his town of Frankfurt without taking into account the change of latitude. Rabbi 

62 This table is reproduced on p. 525 of Ha-Zemanin ba-Halakha, P. Benish, 1996.
63 Instead of: 0°; 34' today.
64 The more accurate value of 23°; 28' determined by Bradley was not yet widely known.
65� 7KH�PRGHUQ�GH¿QLWLRQ�RI�VXQULVH�DQG�VXQVHW�LV�WKH�DSSDUHQW�SDVVDJH�DW�WKH�KRUL]RQ�RI�WKH�

XSSHU�OLPE�RI�WKH�VXQ��,W�FRUUHVSRQGV�WR�D�VRODU�GHSUHVVLRQ�RI��������
��7KLV�GH¿QLWLRQ�LV�WKH�
same as the halakhic sunrise or sunset.

66 This value became the rule until the second half of the twentieth century (tables of 
Berthold Cohn, Calendar of Bloch) when more stringent customs imposed themselves: 
depression of 8 and even 8.5°.

67� 7KH�¿UVW�SDJH�RI�WKLV�WDEOH�LV�UHSURGXFHG�RQ�S������RI�Ha-Zemanim ba-Halakha, Benish 
1996. This table presents a slight asymmetry with regard to noon. The principle of 
calculating the long temporary hours has evolved with time. The manuscript of these 
tables is in the Library of the Jewish Theological Seminary.
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Moses Schreiber (1762–1839) received a copy of his teacher’s table and used it in 
Mattersdorf and Presburg.68 
The principle adopted by Hanover to work on the basis of a constant solar 
depression in order to calculate the beginning and end halakhic times of each 
GD\�� DV�ZHOO� DV� WKH�6DEEDWK��ZDV� VORZO\�DGRSWHG� LQ�(DVWHUQ�(XURSH�GXULQJ� WKH�
nineteenth century; today it is an accepted fact.

7KH�)LUVW�$SSHDUDQFH�RI�$Q\�*LYHQ�0RODG

1. Since the completion of my article in B.D.D. 28, I edited Hanover’s manuscripts 
and among them “Sefer Tekhunat Ha-Shamayim Ha-Arokh”– ęĕĚĥĐ ĦĜđėĦ ĤĠĝ 
ʪʥʸʠʤ – where I found at the end of that book that Hanover improved the 
SURFHGXUH� RI� ¿QGLQJ� WKH� ¿UVW� DSSHDUDQFH� RI� D� JLYHQ�molad. Instead of our 
modern formula, Hanover constructed two very convenient tables.

��� $OUHDG\�LQ�WKH�¿UVW�KDOI�RI�WKH�IRXUWHHQWK�FHQWXU\��5DEEL�,VDDF�,VUDHOL�SURSRVHG�
a solution to this problem69� EXW� LW�ZDV� OHVV� HOHJDQW� DQG�PRUH� GLI¿FXOW��7KH�
VROXWLRQ�ZDV�EDVHG�RQ�WZR�WDEOHV��WKH�¿UVW�WDEOH��Äʢ�ʧʥʬ, gives the molad of the 
¿UVW������PRQWKV�RI�WKH�-HZLVK�HUD��7KH�¿UVW�molad of the table is 2–5–204 and 
the last molad is 3–6–204.

� ,QGHHG�>�����
����±����±�����@181440� ������� �������������� ��G����K�
 Thus after 1080 months the molad is 1d 1h up.
 The second table, Äď  ēđĘ, gives the molad� DW� WKH� EHJLQQLQJ� RI� WKH� ¿UVW� ����

cycles of 1080 months. After each cycle the molad is 1d 1h up. After 168 
F\FOHV�WKH�¿QDO�molad is again the initial molad��,QGHHG�����
���G��K�� ����G�
= M7.

3. Hanover’s discovery of the integer 74377 was therefore not such an 
achievement. Hanover had the merit to determine after which number of 
months the molad 2–5–204 is 1 helek up and becomes 2–5–205. He probably 
used the method of Israeli. 

 In ÄĎ ēđĘ�ZH�¿QG�WKH�molad ending with 205 halakim. This molad occurs after 
����PRQWKV��LW�LV��±�±������,QGHHG�>������������
������@181440 = 9925 = 1 – 9 
– 205.

68 The adaptation of Hanover’s table by these two rabbis, without taking into account the 
important changes of latitude, is notably the subject of a paper published by engineer 
Yaakov Loewinger of Tel Aviv in ha-Maayan Teveth 5772 (2012) no 200, pp. 23-50 and 
entitled: ĦčĥĐ ĦČĢĘ ĖđĚĝ ďĘđĜĐ ģđĜĕĦ Ęĥ Ħčĥč ĐĘĕĚ ĘĞđ ,ĦđĥĚĥĐ ěĕč ěĚĒ ĘĞ.

69 See Yessod Olam, ma’amar V, chap. 4 and at the end of the book Äď ēđĘđ ÄĎ ēđĘ.
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� :H�PXVW�DGG���K�LQ�RUGHU�WR�¿QG�WKH�molad 2–5–205.

 In Äď ēđĘ we see that after 68 cycles of 1080 months the initial molad is 20h up. 
Indeed 

� >���
��G����K�@�7d� ���K��7KXV�DIWHU����
������������ �������PRQWKV�WKH�LQLWLDO�
molad 2 –5–204 became 2–5–205. 

� ,W�DSSHDUV�WKDW�WKH�¿QGLQJ�RI�+DQRYHU¶V�QXPEHU��XVLQJ�,VUDHOL¶V�DOJRULWKP�GLG�
QRW�SUHVHQW�D�PDMRU�GLI¿FXOW\��+DQRYHU¶V�JUHDW�RULJLQDOLW\�ZDV�WR�ORRN�IRU�WKH�
number of months after which the molad is 1 helek up, and then to propose 
a simple and elegant solution by constructing a table giving the number of 
months necessary to result in an increase of the molad by different multiples 
of 1 helek.

4. Recently while editing the present paper, I found at the end of Hanover’s 
manuscript Tekhunat ha-Shamayim ha-Arokh,70 the following three tables and 
DQ�H[DPSOH��ZLWKRXW�DQ\�H[SODQDWLRQ�RU�MXVWL¿FDWLRQ��7KH�SURFHVV�LV�QRZ�HDV\�
to understand and the elegance and rapidity of the procedure are evident.

ʺʥʣʬʥʮʤ�ʧʥʬ

ęĕģĘēęĕĥďđēęĕģĘēęĕĥďđē

Č74377ĥĦ172060

č148754ĦĦ170720

Ď41691ģĦĦ169380

ď116068ĤĦĦ168040

Đ9005ęĕĠĘČ č154640

đ83382ęĕĠĘČ Ď141240

Ē157759ęĕĠĘČ ď127840

ē50696ęĕĠĘČ Đ114440

Ĕ125073ęĕĠĘČ đ101040

ĕ18010ęĕĠĘČ Ē87640

ė36020ęĕĠĘČ ē74240

70 See http://www.ajdler.com/jjajdler/hanover/ pp. 134-136.
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Ę54030ęĕĠĘČ Ĕ60840

Ě72040ęĕĠĘČ ĕ47440

Ĝ90050ęĕĠĘČ ė94880

ĝ108060ęĕĠĘČ Ę142320

Ğ126070ęĕĠĘČ Ě8320

Ġ144080ęĕĠĘČ Ĝ55760

Ģ162090ęĕĠĘČ ĝ103200

ģ180100ęĕĠĘČ Ğ150640

Ĥ178760ęĕĠĘČ Ġ16640

ĥ177420ęĕĠĘČ Ģ64080

Ħ176080ęĕĠĘČ ģ111520

ģĦ174740ęĕĠĘČ Ĥ41600

ĤĦ173400

ěđĞĤĕĎĐ ĕĤĠĝĚ ēđĘ

181440

362880

544320

725760

907200
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ʭʩʹʣʥʧʤ�ʸʴʱʮ

ęĕĤđĒēĚęĕĥďđēęĕĜĥęĕĥďđē

Č235Č12

č470č24

Ď705Ď37

ď940ď49

Đ1175Đ61

đ1410đ74

Ē1645Ē86

ē1880ē99

Ĕ2115Ĕ111

ĕ2350ĕ123

ė4700ČÄÄĕ136

Ę7050čÂĕ148

Ě9400ĎÂĕ160

Ĝ11750ďÂĕ173

ĝ14100đÂĔ185

Ğ16450ĒÂĔ197

Ġ18800ĒÂĕ210

Ģ21150ēÂĕ222

ģ23500

Ĥ47000

ĥ70500

Ħ94000

ģĦ117500

ĤĦ141000

ĥĦ164500
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?ěđĦĜĐ ďĘđĚ ĐĕĐ đČ ĐĕĐĕ ĤđĒēĚ đČ ĐĜĥ đČ ĥďđē ĐĒĕČč ĞďĕĘ ĐĢĤĦ ęČ
 ēđĘĚ  ēģđ  .ęĕģĘēĘ  ĐĥĞĦ  ĤČĥĜĐđ  ďÄÄĤ  Đ  č  ĞĤĎĦ  Ėďĕčĥ  ďĘđĚ  ěĚ  :Ėė  ĐĥĞĦ
 ęĤčēĦđ Ėďĕčĥ ęĕģĘēĐ ďĎĜĘ ęĕďĚđĞĐ ęĕĥďēĐ ĤĠĝĚ — ęďđģĐ ďđĚĞč — ěđĕĘĞĐ
 ēđĘ ĘČ ĖĘ ĤČĥĜĐ ęĞđ ĞđĤĎĘ Ęđėĕ ĐĦČĥ ĤĠĝĚĐ ěđĞĤĕĎĐ ēđĘĚ ĞĤĎĦ ĘĘėĐĚđ ďēĕ
 ĤĠĝĚĐ ďĎĜ [ęĕďĚđĞĐ ęĕĥďđēĐđ] ęĕĜĥĐđ ęĕĤđĒēĚĐ ēģđ — ĐĒ ďđĚĞč — [ěđĦēĦĐ]

 .ěđĦĜĐ ďĘđĚ ĐĕĐ đČ ĐĕĐĕ đčĥ ĥďđēĐđ ĐĜĥĐ ČĢđĕĘđ ĤČĥĜĐ
 ? đÄÄĠ — ĔÄÄĕ — ď ďĘđĚ ĐĕĐĕ đČ ĕĐĕ ĥďđē ĐĒĕČčđ ĐĜĥ ĐĒĕČč ĞďĕĘ ĐĢĤĦĥ ěđĎė
 ēģđ .66842 ČĢđĕđ ęĕģĘēĘ ĐĥĞĦ .čÄÄĝģĦĦ — ĎÄÄĕ — č ĤČĥĜđ ďÄÄĤ — Đ — č ĞĤĎĦ
 ēÄÄĕĤ đĤčĞĥ [ĤēČ ěĝĕĜ] ĥďđēĚ ěđĦĜĐ ďĘđĚ ĐĕĐĕđ ęĕďĚđĞĐ ęĕĤĠĝĚĐ ěđĕĘĞĐ ēđĘĚ

71.[4159] ĦĜĥĚ ěĝĕĜ ĥďđē ĘÄÄĤ ęĕĥďđē ÄĒđ ęĕĜĥ ĒÄÄĔ ęĕĤđĒēĚ

60000103200ěđĦēĦĐ ēđĘ ĘČ ĖĘđ51434

6000101040ęĕĤđĒēĚ ÄĤ-Ę ĞĤĎĦđ47000

800170720ĤČĥĜ4434 

4072040 ęĕĤđĒēĚ Äĕ-Ę2350 

2148754ĤČĥĜ2084 

66842        ĘėĐ Ėĝ595754ęĕĤđĒēĚ Äē-Ę1880 

ęĕĜđĞĤĎĐ ēđĘĚ ĞĤĎĦ544320ĤČĥĜ204 

ĤČĥĜđ51434  ęĕĜĥ ĒÄÄĔ -Ę197 

   ĤČĥĜđ 7

We would like to know when the molad�����±����±����RFFXUUHG�IRU�WKH�¿UVW�WLPH�
(4) – 19 – 86 – (2) – 5 – 204 = 2 – 13 – 962 = 66842 hal.
)URP�WKH�¿UVW�WDEOH�ZH�GHGXFH�WKDW�WKLV�KDSSHQHG�DIWHU��������PRQWKV��%XW�ZH�
know that the molad remains the same after a multiple of 181440 months. This 
molad was thus already reached after 51434 months. From the third table we 
GHGXFH�WKDW�������PRQWKV�FRUUHVSRQG�WR�����F\FOHV������F\FOHV�����F\FOHV������
\HDUV�����PRQWKV��7KH���th year is a leap year and it leads us to Nissan 4159.
 

71 This year is a leap year and the eighth month is Nissan.
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 ĕĠ  ĘĞ  ,ęĕĤģđēĐĥ  ěĞđĔ  ĐĒ  ĤĚČĚ  .ĦĕĤđĔĝĕĐĐ  ĦĚČĐ  ĦĜĕēčĚ  ęĕģďđĢ  ęĕĕĜĤďđĚĐ  ęĕĤģđēĐ
 ęĕĝēĕĕĚ ęĐ .ĦđēėđĐ Ĥĝđēč ĐĕđģĘ ęĦďđčĞđ ĦĕĤĝđĚ ĦđĕĜĕĢč ęĕĒĕĤĠĚ ,ěđďĕĜĐ ĤĠĝč ęĤđČĕĦ
 ĥĕ ,ĘĎđģ Ęĥ ĦđĜĞĔĐ ĦđĤĚĘ .ĐģďĢĐ ĕĘč ĖÂĜĦĐ ĕĤĠĝ ĕĤčēĚĘđ ĖÂĜĦĐ ĕĥĕČĘ ęĕĕĘĕĘĥ ęĕĞĕĜĚ
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 ĤđČĘ ČĢĕ ĤĠĝĐĥ ĕĠ ĘĞ ğČ .ęĕĚĥĐ ĦđĜđėĦ đĤĠĝ ĦđėĒč ĤģĕĞč Ğđďĕ ĤčđĜĐĚ ĕđĘĐ ĘČĠĤ ĕčĤ
 ĦđďđĝĕĐ ĦČ ĤĕĐčĐĘđ ĐĜĥĕĐ ĐĕĚđĜđĤĔĝČĐ Ħđďđĝĕ ĦČ ěĕčĐĘ ĤĥĠČĚ ČđĐ ,ĤčēĚĐ ĦđĥĤ ČĘĘ
 ĤčēĚĐ Ęĥ ĦĠđĚĐ ĦĤĕĢĕ ,ěė ĕĠ ĘĞ ğČ .đĘĥ ĥďđēĐ ĥđďĕģ ĦđėĘĐč ęÄÄčĚĤĐ ĖĘĐ ęĐĕĦđčģĞčĥ
 ,ęĕĘĕėĥĚĐ ęĕČĤđģĘ ĦĦĘ ĐĕĐ ĐĒ ĤĠĝ Ęĥ ěđĥČĤĐ ģĘēĐ Ęĥ đďđĞĕĕ .ĤđčĕĞĐ ĦđēđĘ đĤĠĝ ČĕĐ
 Ęĥ ęĕĕđģĕĘ ęĎđ ęĕďđĎĕĜđ ęĕĤđčĕē čĥēĘ ĕďė ęĕĢđēĜĐ ęĕĘėĐ ĦČ ,ĦĕĜĚĤĎč đĔĘĥ ČĘĥ đĘČ đĘĕĠČ
 ęĕĕĜđčĥēĐ đĕĦđĜđĤĥėĘ ĐĕČĤ ęĕđđĐĚ ęĐ .ĐčĤ ĦđĜģĕĕďč đĥĞĜ ĦđēđĘč ęĕčđĥĕēĐ .ēĤĕĐđ ĐĚēĐ
 ĦČĢđĐ ĐĕĦđčģĞč ĐČĕčĐ ğČĥ ,ĤĠĝĐ Ęĥ ĦĕĜđĥČĤ ĐēĘĢĐ ĤēČĘ .ĤčēĚĐ Ęĥ ĘĘėĐ ěĚ ęĕČĢđĕĐ
 đĜēĜČ  ĐĒ  ĤĚČĚč  .ĐĕĕĥĜĐ  ęđĐĦĘ  ĤĠĝĐ  ďĤĕ  ,ČďĤđĕĠ  ĤĕČĚ  ĕďĕ  ĘĞ  ĦčēĤđĚ  ĐĕĕĜĥ  ĐĤđďĐĚ
 ęĕĥĕĎďĚđ ĦđēđĘĐ Ęĥ ęĜĕĕĜč ĖĤď ĦČ ęĕĤĕčĝĚ ,ĤĠĝĐ Ęĥ ěđĥČĤĐ đģĘē ĦČ ĦđĜģĕĕďč ęĕĜēđč

.ęĦđĜģĕĕď ĦČ


