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KEPLER AND HEBREW ASTRONOMICAL TABLES

BERNARD R. GOLDSTEIN, University of Pittsburgh

I have spent many years studying medieval Hebrew astronomical tables (or zijes)
and, in the absence of early editions in Hebrew characters, it has not been easy to
determine the extent to which ‘mainstream’ European astronomers in the sixteenth
and seventeenth centuries were aware of them.! It was therefore of considerable
interest to learn from Noel Swerdlow about a passage in the introduction to Kepler’s
Rudolfine Tables (1627):

I'have in part followed Jewish astronomers, whose tables in Hebrew character(s)
I have seen, entering with six-degree (intervals) of the anomaly of the Moon,
single-degree (intervals) of the elongation of the Moon from the Sun.?

As Swerdlow noted in his initial message to me, Kepler is clearly referring to a
double argument table for the first and second inequalities of the Moon.

The question is, can the table that Kepler describes somewhat vaguely be
identified with an extant manuscript to which Kepler might have had access? My
first step was to locate double argument lunar tables in Hebrew manuscripts, and
I found the following four items.

(1) Levi ben Gerson (Orange, France, d. 1344) composed a long treatise on
astronomy in 136 chapters, including many tables that he computed (rather than
copied). Among them is a double argument table for the Moon, where one argument
is the lunar anomaly at intervals of 10° from 0° to 350°, and the other argument is
the number of days since syzygy at intervals of 1 day from 1 to 14 (representing
the lunar elongation from the Sun).?

(2) Judah ben Asher II (Burgos, Spain, d. 1391) compiled a zij that includes
extensive double argument tables for the daily velocities of the Moon and the
planets; they are the most extensive such tables in the period before 1500, as far
as I know, in Hebrew, Arabic, or Latin. In the table for the Moon one argument
is the anomaly from 2° to 360° at intervals of 2°, and the other argument is the
double elongation at irregular intervals from 0° to 346° (0°, 14°, 28°, 43°, 52°,
60°, 73°, 97°, 129°, ..., 346°). This table survives uniquely in Vatican, MS Heb.
384, ff. 375a-384b.*

(3) Judah ben Verga (Lisbon, fl. 1455-80) composed a zij that includes a double
argument lunar table where one argument is the lunar anomaly in days from 1
to 27, and the other argument is the elongation in days from 1 to 14. This table
survives in two copies: Paris, MS Heb. 1085, f. 94b; Oxford, Bodleian Library,
MS Poc. 368, f. 230b.°
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(4) The Oxford Tables of 1348, composed in Latin, probably by Batecomb, contain
many double argument tables for the planets and the Moon.® In particular, the lunar
equation table has two arguments: the anomaly from 6° to 360° at intervals of 6°,
and the elongation from 3° to 360° at intervals of 3° (Oxford, Bodleian Library, MS
Rawlinson D 1227, ff. 64v—65r). The canon for this table is:

The mean elongation and argument having been found, the table of [the Moon]
is entered with the elongation on the left hand side and its argument along
the top of the table. At the crossing you will find its true elongation from the
Sun in degrees, minutes and seconds, with the prescribed sign between the
transverse lines. To this is added the mean motus of the Sun, which results from
the addition of the aux of the Sun written in the table at its argument; and the
true place of the Moon in the ninth sphere will result, for the time proposed.
The proportional part is to be sought if necessary ... [two alternative methods
are offered for determining this].”

(4a) The Oxford tables were translated into Hebrew by Solomon ben Davin de
Rodez, a pupil of Immanuel ben Jacob Bonfils of Tarascon (fl. 1350), but the
meridian of Oxford was replaced by the meridian of Paris, and the radix was
changed from 1348 to 1368. The lunar equation table is preserved in two Hebrew
manuscripts: Oxford, Bodleian Library, MS Reggio 14, ff. 63a-68b, and Munich,
MS Heb. 343, ff. [ 14b—120a; it is entitled: “Table indicating the true elongation of
the Moon from the mean position of the Sun, arranged for all places and times.” The
Hebrew version has the same structure as the table in Latin, the entries agree but for
minor variants, and the canon is also very nearly the same.®

(4b) There was another Hebrew version of the Oxford Tables of 13438, produced
by Mordecai Finzi (Mantua, fl. 1440-75). The lunar equation table is preserved
uniquely in Oxford, Bodleian Library, MS Lyell 96, ff. 18b-25a, and its title is:
“Table from which may be known the true elongation of the Moon from the mean
motion of the Sun for all places and times.”

The tables listed in items (1), (2), and (3) do not have the structure that Kepler
describes, whereas the tables in item (4) differ very little from his account: Kepler
gives the intervals as 6° of anomaly and 1° of elongation, whereas the Oxford
Tables have 6° in anomaly and 3° in elongation. So the fit is not exact. But
perhaps Kepler depended on his memory, having seen the manuscript some years
earlier."” Since the tables in item (4) are identical (but for copyist’s errors), it
cannot be decided immediately which manuscript Kepler saw. But in the following
discussion, I will ignore item (4b) because it seems very probable that Kepler
saw a manuscript of item (4a).

As noted above, there are two copies of the tables in item (4a). The Oxford
manuscript is written in a North African hand probably from the mid-seventeenth
century, and unlikely to have been in Europe at the time of Kepler.'"" But could
Kepler have seen Munich, MS Heb. 343? According to Striedl, this manuscript
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belonged to Widmanstetter (d. 1557) and, indeed, his signature appears on f. 1v."?
Widmanstetter was an interesting Renaissance character: he served as secretary to
Pope Clement VII (pontificate: 1523-34), and to Cardinal Nicolaus von Schénberg,
among others. In fact, there is a well known story of Widmanstetter explaining
the Copernican theory to the Pope in 1533, some ten years before the publication
of De revolutionibus.'* And Schonberg’s letter to Copernicus in 1536, asking for
more information and urging publication, was printed in the editiv princeps of
De revolutionibus (Nuremberg, 1543), just after the anonymous preface that was,
in fact, written by Osiander." Widmanstetter spent many years in Italy collecting
manuscripts and in 1558, soon after his death, they were acquired by Albert V of
Bavaria. Indeed, some 136 Hebrew manuscripts now in the Bavarian State Library
had belonged to Widmanstetter, and of them 52 are predominantly scientific in
content. MS 343 is itself a small ‘library’ of Hebrew zijes.'

The story of Kepler and Hebrew tables seems to begin with a passage in a
letter that Herwart von Hohenburg wrote to Kepler, dated Munich, 24 September
1602:

The Tabulae resolutae Hebraicae are by various authors as the enclosure [in the
manuscript?] shows. I made an arrangement some time ago with the Archbishop
of Salzburg who has taken them with him and, if he can find someone capable
without sparing expenses, hopefully, he will get them translated, for he already
has had them for a considerable time with him.'®

From this letter we learn that Herwart von Hohenburg, the Chancellor of Bavaria and
Kepler’s patron, was interested in getting some Hebrew astronomical tables translated
(possibly for subsequent publication), and had apparently lent the manuscript to the
Archbishop of Salzburg for this purpose. (The rules for removing manuscripts from
a library were certainly not as strict as they generally are today!)

As far as I can tell, Kepler did not respond to this part of Herwart’s letter until
April 1607: “Where are the Hebrew tables hidden, for which you had offered
hope that they would be published by the Bishop of Salzburg.”'” Herwart’s reply
to Kepler came in a letter dated 10 Oct. 1607: “The Hebrew tables have not
yet been translated.”** Kepler then replied to Herwart in a letter dated 24 Nov.
1607: “From the Hebrew tables and the Sphaera of Abraham bar Hiyya I wish
to prepare a catalogue of witnesses and observers concerning the length of the
year and similar things.”"

In this exchange, the expression Tabulae hebraicae is used (as in Kepler’s
introduction to the Rudolfine Tables), whereas in 1602 Herwart von Hohenburg has
Tabulae resolutae Hebraicae.® Nevertheless, the reference to the Archbishop of
Salzburg seems to connect the passages, and I think it safe to assume that the same
manuscript underlies all the discussions.

At this point one would like to find ‘the smoking gun’, an explicit remark
in Kepler’s correspondence about seeing a Hebrew manuscript in Munich or,
alternatively. that Herwart von Hohenburg had sent the manuscript to Kepler. But
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there is no such evidence as far as I can tell. Part of the problem may be that the
extant correspondence between Herwart von Hohenburg and Kepler ends in 1611
even though Herwart lived to 1622 and Kepler to 1630.7' But in his book on
comets (Augsburg, 1619), Kepler indicates that he had received from Herwart
reports of observations made in Ingolstadt by an unnamed astronomer (presumably
I. B. Cysat) of a comet that appeared in December 1618.> Further evidence for
a continuing relationship until very nearly the end of Herwart von Hohenburg’s
life comes from a letter by J. B. Cysat (a Jesuit at Ingolstadt in Bavaria) to
Kepler in Feb. 1621:

Two days ago, immediately after you left for Ratisbon [Regensburg], the printer,
Eder. gave me a letter, written on your behalf, to give to our Rector. It was from
Herr Herwart about the Ephemerides, and was written last October. The gist
of [Herwart’s] letter was this: It seemed to him, to the other Counsellors of the
Duke. and to the Rector of the College at Munich, that your Ephemerides could
be published at Ingolstadt, since they contain nothing against the Catholic faith.
Father Johann Lanz (in a letter to me) says that the Rector of the college and
himself think that the Ephemerides could be published at Ingolstadt, especially
if the name of the place and the printer are omitted. He added, furthermore,
that he had heard from Herr Jocher, recently returned from his Grace, at Linz,
that permission had been granted you to reside in Munich, for which reason
your request should be more readily granted. Having read these two letters,
the Rector and the Dean of Theology immediately granted the permission.
Therefore. there is now nothing to prevent your Ephemerides being published
at Ingolstadt.”

From September 1620 to November 1621 Kepler was away from Linz to help
defend his mother against the charge of witchcraft. He left his family in Regensburg,
and resided for part of the time in Ingolstadt.”* Although there does not seem to
be any direct evidence that Kepler saw Herwart in Munich, in the dedication to
the Epitome of Copernican astronomy, Books 5, 6, and 7 (dated Frankfurt, July
1621), Kepler says that he spent some time in Munich in 1621.7* Moreover, in
his biography of Kepler, Frisch cites a passage where Kepler says that in April
1621 he was in Munich.? Soon thereafter, on 15 April 1621, Kepler was in
Ulm, for he so dated the dedication of his “Astronomical Report on two lunar
eclipses of 1620 and a solar eclipse of 1621" to Duke Johann Friedrich von
Wuerttemberg; in this dedication Kepler indicates that his Ephemeris for 1621
has not yet been published.”

It seems likely that Kepler would have visited his old patron at that time when
he was in Munich, and it would also have been possible for him to look briefly
at a Hebrew manuscript in the library. Of course, there are other conceivable
opportunities when Kepler might have seen this manuscript but, in the absence
of further evidence, this seems the most likely.”® Finally, it is perhaps ironic
that Kepler’s allusion to an astronomical table in Hebrew characters refers to a
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text that had been translated from Latin, and not to a text composed by a Jewish
astronomer as he seems to suggest.
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