The Precession of the Equinox in the Jewish Astronomy

of the Middle Ages.

The phenomenon of the precession of the equinox was discovered by Hipparchus at the end of the
second century before the Common Era. Ptolemy and al-Battani differed only about its
guantification. Unfortunately, in this particular case, the influence of the Indian astronomy, exerted
through Thabit ben Qura, ibn Zarkali and mainly the Alfonsine Tables, was negative and introduced
the confusing concept of the trepidation into the astronomy of the middle age and delayed
accordingly its progression. However most of Jewish scholars did not accept it.

In the present paper we show the importance of the precession in the writings, not only of Jewish
astronomers, but also of Jewish scholars and thinkers. We quote different authors and elucidate
their difficult quotations. Of exceptional importance is a nearly unknown quotation from Abraham
Zacut, extract from "#$%&'()*'+%( which is completely elucidated. We show how Jewish scholars
were aware of the most recent developments of astronomy and were deeply involved in the
discussions and argumentations around the controversial and much debated questions in the news.



The Precession of the Equinox in the Jewish Astronomy

of the Middle Ages.

1. Introduction.

The secular variation of the celestial longitude of the stars is called the precession of the equinox.
It was discovered during the second century before the Common Era by the Greek astronomer
Hipparchus, by the comparison of the longitude of the star a Virginis (Spica) that he had
measured, with the longitude that the astronomer Timocharis had found one and a half century
before. The ancients could not make meridian observations, as they had no clock, but they could
measure angular distances allowing them to link up a star to the sun, taking as an intermediary
reference, the moon or the planet Venus. The connection of the star to the moon or to Venus
was made by night or at twilight and the connection of the intermediary celestial body, was
made by day, taking into account the displacement that occurred during the span of time passed.
Timocharis' and Hipparchus used a very clever method. During a lunar eclipse, the center of the
shadow is located in the ecliptic in a point diametrically opposed to the position of the sun and
its longitude Iy + 180° was known to the Greek astronomers who had a table of the sun’s
movements. Therefore measures of angular distances during the lunar eclipse allowed the
determination of the celestial longitude of a star near to the ecliptic by linking it to the center of
the shadow. Timocharis found a longitude of 172° for Spica in about 273 B.C.E. while around 129
B.C.E. Hipparchus found 174°. He concluded that the vernal point had undergone a displacement
in the retrograde direction of 2° in 144 years with regard to the stars. The longitude of the same
star was 203°;08’ in 1950, hence a displacement of about 31° in 2222 years or 50.2”” in a year.”
Hipparchus understood the precession as a movement of direct rotation of the eighth sphere,
the sphere of the fixed stars, around the axis joining the poles of the ecliptic. The position of
these two poles was fixed with regard to the stars. Copernicus formulated the modern
interpretation: The direction of the rotation axis of the earth is not fixed in the space but its
angle with the ecliptic is constant. The direction of the rotation axis of the earth draws a
revolution cone around the axis joining the poles of the celestial ecliptic. The corresponding
trajectory of the northern celestial pole is a little circle of latitude 90° - € covered at the rate of

!See Bailly J.S. Histoire de I'astronomie Moderne depuis |la fondation de I’école d’Alexandrie, Paris 1779, Vol
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50.2" per year. The point y takes about 25816 years to cover the ecliptic. It is also the period of

revolution of the celestial poles (of the equator) around the poles of the ecliptic. At this stage, it
was considered until the first half of the 18" century that the ecliptic is a plane rigorously fixed.

Furthermore the scholars were aware that the angle € diminishes slowly and therefore the circle
described by the northern pole around the pole of the ecliptic is in fact, not a circle but an open

curve.

2. R. Abraham bar Hiyya ha-Nassi (? — ¢ 1136).
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About the movement of the fixed stars and the explanation of the different opinions about which the
scholars differ.

Ptolemy, Hipparchus and all the Roman and Greek scholars did all agree that the movement of the
fixed stars is one degree in 100 years and they cover the whole sky in 36000 years and they turn
around the pole of the ecliptic and therefore their latitude, the distance from the ecliptic, doesn’t
change. But the Arabic scholars had not the same opinion as Ptolemy and his colleagues about this
displacement and they contradicted the formers and considered that this movement is 1.5° in 100
years so that the stars complete the rotation of the sky in 24000 years. The Indian and Chaldean
scholars had another opinion in this subject. They considered that the stars don’t complete a rotation
around the sky but their movement is a movement of pushing ahead and turning back on 8° along

? Basilea 1545; with a Latin translation, Munster 1545 and with a commentary by R. Jonathan from Radunia,
Lithuania, Offenbach 1720. We used this last edition.



the ecliptic to the east and then to the west. The cause of this movement lies in the pole of the
ecliptic which turns on a little circle whose diameter is 8°," directed to the west and the east and the
pole of the ecliptic covers this little circle in 1600 years. Because of the movement of the pole on this
little circle, many people still thought that the stars cover the whole sky because they did not
understand the principle of the little circle which pushes the stars ahead on a distance of 8 degrees
during 800 years in one direction towards the east and then turns them back in the opposite
direction on a distance of 8 degrees during 800 other years while the pole of the ecliptic covers the
little circle and comes back to the initial point after 1600 years. And because the movement of the
stars derives from the movement of the pole of the ecliptic on this little circle and the latitude of the
stars does not change, this movement is a backward and forward movement. It is for this reason that
we speak of ‘fixed stars’ and in foreign language, Roman and Greek: ‘va et vient’ which means in their
language forward and backward. As if we spoke of uncivilized stars which go backward and
forward.... Then came al-Battani,” about 720 years after him (Ptolemy) and he found between his
measurements and those of Ptolemy 11°° and he concluded that the movement of the precession is
1.5°in 100 years. It appears thus that the stars advanced from the time of the observations of the
ancients until the time of al-Battani by 15°12””” in 1140 years.® Now according to the Indian
scholars... The great argument against them is that they claim that the stars move 8° backwards and
then 8° in the direct direction but we find that the stars moved always in one direction and since the
first observations of the ancients the stars moved by more than 15°. This destroys their claim.

2. Sefer)1"$'2"#$3()$' /43#$'567: chapter 17.
A" #8%

"# $%$ &'()*+, &((+ -"# &!. /$(% /%$&. -1.(-($0.& /1(# 2%$&. *,3(4 $) 2.56 -,+ *,%(% 2$&.
STXY 7N XN N0 RYE VA RYE9rom K7 1R, TRR Y 720 iy nirmin oikn "# $%& '( )%+ 1"'#
(22wn7 natan) "#$% &'()*+% ,-.)%'/$ #") I"# $%3$% &$'( |P)H&*+ ', &-&. &./% +0+ )"1+(
ITVYN DIMTRNI.QI7'N DIV 1A 'RXY Y7000 7V 1mDon (7101 wirmn nd7 010 p7nnd [nam'7 avnn]
vaw 2o n! ! 'E#S% 1&™ &S )+, )" )&+, 1" /01%& I"#1$% &'()*$ 1&+% $,'# -&+
7V 2V .00 TEN NYTI NIW QXN 722 NNR N7un 7Y 17 11'wyw Ni7a 2700 1770 1IN .Y D'YYI
...... "#$%! &$"#" '()*+ ,&%&%" &(-.# #.! 1$#/ 0+) #£-1) !  Inq7nn

* This cinematic movement is problematic because, in this model, the pole of the equator is a fixed point while
the pole of the ecliptic covers a little circle having a diameter of 8°. During this movement of precession the
latitude of the stars is constant but the angle of 23°;35’ between the equator and the ecliptic or between the
pole of the equator and the pole of the ecliptic, becomes now the angle between the pole of the equator, a
fixed point and the pole of the ecliptic, which covers a little circle. This angle varies between e + 4° and e - 4° if €
is the angle between the pole of the equator and the center of the little circle of the pole of the ecliptic. This
model is not satisfactory.

> al-Battani (c. 858 — 929).

® al-Battani writes 11°10’, see Nallino, al-Battani opus Astronomicum vol 1, p. .

"Fora span of time of 1140 years we should have a precession of 11.40 * 1.5 =17.10°. Apparently he refers to
the historical values: Timocharis: 172°, Hipparchus: 174°, Ptolemy: 176°;40" and al-Battani 187°;50’. Hence a
precession of 15°;50’ between Al-Battani and Timocharis. Abraham bar-Hiyya must have a value of 172°;40’ for
the time of Timocharis. According to the figures of Abraham bar Hiyya, 15°;10” in 1140 years correspond to a
precession of 1.33 °in 100 years. Now when we compare the value of bar Hiyya in 1104: 191°;14’ with the
value of al-Battani in 880: 187°;50’, we see that he practically adopted a precession of 3°;24’ in 224 years or
1.52 °in 100 years. In general the precession adopted by Abraham bar Hiyya is only 3°;20’ in 224 years or 1.49°
in 100 years.

® Between the observation of Timocharis (—272 C.E.) and al-Battani (880 C.E.) we have a span of time of 1152
years. al-Battani speaks of 1140 years and considers that the experience of Timocharis was in — 260 C.E.



Chapter 17.

The movement of the fixed stars rests on the pole of the ecliptic and the rate of their movement is
the same for all the stars whether on the ecliptic or with latitude. All the searchers, beginning from
the antiquity, found the precession with the same properties, moving from west to east’ [in the
direct direction, toward the diurnal rotation of the sky] like the movement of the planets and all
agreed on a constant movement of precession without variation. The ancients claimed that itis 1° in
100 years but other claimed that this movement is 1° in each 67 years. But we calculated the
movement of the stars according to the rate of 1° in 100 years like the opinion of the ancients. We
calculated also at the same rate the movement of the apogee and the perigee and the ascending
nodes of the five planets...

3. 8%$3()9'9'--6 : Tables of precession.

In his tables R. Abraham bar Hiyya wrote a table of precession based on the value given by Ptolemy: a
precession of 1° in 100 years. Nevertheless, at the end he wrote a certain number of tables giving the
correction in order to agree with al-Battani’s tables. This was also the case of the precession for
which he gave the correction allowing to agree with the precession of 1° in 66 years.

4. 8%%$3()99'--6 : Tables of stars.

Abraham bar Hiyya wrote three tables of stars, the first was devoted to the stars of the first
magnitude (14 stars), the second to the main stars of second magnitude (14 stars)'® and the third to
the main other stars (48 stars).' The abridged catalogue of R. Abraham bar Hiyya was constructed
for the beginning of the cycle 257, thus for his epoch of 21 September 1104.

The reference catalogue is the monumental catalogue of Ptolemy which contains 1022 + 3 = 1025
stars established for the date of 20 July 137 C.E."* These 1025 stars are divided into three categories:
360 stars belong to boreal constellations, 349 stars belong to zodiacal constellations and 316 stars
belong to austral constellations. According to al-Battani, the catalogue of Ptolemy was based on a
catalogue established before by Menelaiis™ in 92 C.E, which Ptolemy adapted and expanded.™
Although this attribution is contested, it played an important role in the interpretation and the
quantification of the precession.™

al-Battani established a comparable catalogue for the year 880 C.E.*®

® The diurnal movement is from east to west (the sun rises at the east and sets at the west). The movement of
the sun on the ecliptic is in the direct direction, from west to east, toward the diurnal movement of the sky.

% The last star of this second list is ‘khsil which is Sahil which is of the first magnitude’

' MS Malatestiana pp. 58b — 59b and MS Paris folio 35 a — 36a.

2 See Toomer pp. 341 —-399.

3 Astronomer who lived in Rome in the second half of the first century.

% See Nallino, al-Battani Opus Astronomicum, Milano 1903, vol. 1, p. 124 and p. 292.

13 See Nallino vol 2, pp. 269 — 270 and Abraham Zacut, ;' /:6;;%.)$' /<'=32, chapter 9, Salamanca 1478 (still in
manuscript).

'® See Nallino vol 2, pp. 144 — 177 and 274 - 277.



The stars of the first magnitude in the catalogue of Ptolemy.

Number Modern Name | Other name Reference Longitude Latitude
Toomer

1 a Boo Arcturus V,23 177° +31°;30’
2 a Lyr Waga Vi1 257°;20° +62°

3 o Aur Capella Xll,3 55° +22°%,30’
4 a Tau Aldebaran XXI1l1,14 42°:40° -5%10
5 a Leo Regulus XXVI1,8 122°;30’ + 0%10
6 B Leo Demebola XXVI1,27 144°;30’ +11°,50’
7 a Vir Spica XXVII,14 176°;,40° -2°

8 a Psa Formalhaut XXXI1,42 307° -20°;20’
9 a Ori Betelgeuze XXXV,2 62° -17°

10 B Ori Rigel XXXV,35 49°;50’ -31°;30°
11 O Eri Eridanus XXXVI,34 0°%;10 -53°;30°
12 a CMa Sirius XXXVII,1 77°;40° -39°%,10°
13 o CMi Procyon XXXIX,2 89°;20’ -16°%10
14 a Car Canopus XL,44 77°;20° —-75°

15 a Cen Bungala XLIV,35 218°;20° -41°;10’

Table 1. The stars of the first magnitude according to Ptolemy in 137 C.E. The longitude of 218°;20° of a
Cen seems to be a misprint in Toomer and it should be 188°;20°, thus Libra 8°;20’ instead of Scorpius

8°;20.

The stars of the first magnitude in the catalogue of al-Battani.

Number Modern Name | Other name Longitude Latitude
1 a Boo As-simak ar-ramih 188°%;10’ +31°;30’
2 o Lyr An- nasr (capra) 268°;30’ +62°

3 o Aur Capella 66°;10’ +22°%,30’




4 a Tau Aldebaran, ad-dabaran 53°,50’ -5%10
5 a Leo Cor leonis, Qalb al-assad 134° + 0%10
6 B Leo As-Sarfah, Dhanab al-assad 155°;40’ +11°,50’
7 a Vir Spica, as simak al-azal 187°;50’ -2°

8 a Psa Fam al-hul al-garnubi 318710’ -20°;20’
9 a Ori Mankib al-gawza 73°%10' -17°

10 B Ori Rigl al-gawza 61° -31°;,30’
11 O Eri Ultima stellarum fluvii 11°;20’ -53°;30°
12 a CMa Ash-shira al-yamaniyyah 88°;50’ -39%10’
13 o CMi Ash-shira ash-shamiyyah 100°;20’ -16°;10’
14 o Car= aNav Canopus, suhayl al yamani 88°;20’ -75°

15 a Cen Centaurus, rigl al-faras 199°;30’ -41°;10’

Table 2. The stars of the first magnitude according to al-Battani in 880. al-Battani counted an additional
star of magnitude 1 in the constellation of Sagittarius, long: 274°; lat: 6°;30°. It is certainly a mistake; this

star has the magnitude 5. See Nallino vol 2, p. 163, note 16.

The stars of the first magnitude in the catalogue of Abraham bar Hiyya.

Number Modern Name | Other name Longitude Latitude
1 H a Boo N1 XN ,AniNn Jnman | 191°;30’ +31°;30’
2 J alyr "#$ %&' ,()$' %* | 271°50 +62°

3 G o Aur 'y IN L1970 YW | 69°%;30° +22°:30
4 A o Tau NATIX NIDLMIWA Y | 57°%10 -5%10
5 L o Leo TOXNIX 277 ,"WNn A% | 137°,02’ + 0%10
6 B Leo Denebola, Dhanab al-assad 159° +11°,50’
7 | a Vir "#$ %$&' ,()"*+$! 1"#$ | 191°14 -2°

8 N a Psa "#3$%& '%& (| 321°;30 -20°;20’
9 D a Ori I"#$ %&'() X(*)* +¥)#!' .- 81°:30’ -17°

I"#$




10 B B Ori I"#$%! %$& ,'#()!* %$&| 64°20’ -31°30’

11 C 0 Eri "# $% !"# ,1$%$ &'|(# 14°;40° -53°;30’

12 F a CMa I"#$ %!1$& ,"() *'# 92°;10’ -39°:10

13 E o CMi NY™MA MYV L|Opa 2'D0 | 103°40° -16°;10’

14 N a Car [IWXY JWwnn '7'no XiIn1'7'od | 91°;40° -75°

15 M a Cen "#$% $&',()* 1+!, $&' 202°;40° -41°:10
"#$"

Table 3. The stars of the first magnitude according to bar Hiyyah in 1104 C.E. The star p Leo is not
mentioned in the list of bar Hiyya; we find instead a star with long: 277°;18” and lat: —6°;30° which is
unknown. It is certainly the result of a misprint anterior to the two manuscripts considered. In the third
Ms Malatestiana, there is an additional problem of the shift of a column of figures, but the two former lists
seem the most likely. We note also that Abraham bar Hiyya identifies the star 7°0owith the star Canopus
in the constellation of Argo.

The comparison of the list of al-Battani with that of Ptolemy shows that al-Battani adds 11°;10’ to the
longitudes of Ptolemy. In fact, this is explicitly mentioned by al-Battani in Vol 1, chapter LI.*” This
figure corresponds exactly to a precession of 1.5 degrees in 100 years. Indeed 880 — 137 = 743 years
and 7.43 * 1.5=11.15° = 11°,08’ which he rounds off to 11°;10’. Similarly the comparison of the list
of Abraham bar Hiyya to that of Ptolemy shows that Abraham bar Hiyya adds 14°;30’ to the
longitudes of Ptolemy. Now the span of time separating them is 1104 — 137 = 967 years. The
precession considered in the construction of this list of stars is then 14.5 /9.67 = 1.50°. Now if
compare the list of Abraham bar Hiyya with that of al-Battani we note a precession of 14°;30" —
11°;10’ = 3°%;20" in 224 years or 1.49° in 100 years. This is really surprising; Abraham bar Hiyya
championed a precession of 1 degree in 100 years in both the first part of his book i.e. the canons of
his tables and in the main tables of the second part of the book,)8%$3()%#9'--6 . Only at the end of
these tables he proposed a correction table for those following al-Battani. He followed also Ptolemy
in the last chapter of his book !-%.'()$' /0."(- . The position of Abraham bar Hiyya is difficult to
understand, it is a real conundrum. Of course the strict application of his opinion would have reduced
the difference with Ptolemy to 9.67° = 9°;40’ and his longitudes would have been smaller than al-
Battani’s 200 years before, by 11°;10" — 9°;40’ = 1°;30’. This could have been embarrassing! But he
had to make a decision and the present situation was certainly not more comfortable.

Conclusion. R, Abraham bar Hiyya was fully aware of the phenomenon of the precession and of the
different theories extant. In his different texts he champions the views of Ptolemy of a direct
movement of the stars of 1° in 100 years. However his table of the position of the fixed stars at his
epoch of 21 September 1104 C.E. was deduced from Ptolemy’s Catalogue of stars by the
consideration of a precession of 1.5° in 100 years.

3. R.Abrahamibn Ezra (1089 — 1164).

v Nallino, vol 1, p. 124.
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6()6-)HQ)6&)RR)E™.-G)0&=)3($".-)-'E)($'()6F)EHQ)6I&=)($6-) +3&(.35[65$")."-%2() 3B)[S"
2'+#)3B)'++%.'+E)3B)($")"PA".67"&('2) [E3R+(B(-7"&)+'&&3()=656=") @6($)A."+6-638)3&")="D."")6&(3)
(@3)A.(-G)T($".-)-((NE'0($".").")N@3)-7'22) @$"'2-)6&);3($)6&(".-"+(6&D)ABER(H')"U%' (3.
'&=)($")"+26AB&=)($"."B3.")($")B6D%.")-37"(67"-) -+"&=-)'&=)-37"(67"-)="-+"&=3)

3. Sefer$' /1'0'767 .2

I"HS G&™S! ()% " 14"& %, 1)*& (1)-#. ),), &/+0 &1 %&"H#I$ 282 %&/I1#+3. 4&5 ("$ (31)'# ./.]
I'HSHY &I'($) &* W *+SH+ |- $%.I"HS%& I'H# $%$& I'()$ FI1+,-' .-/0$ &#1 -0 *& 2$#$34 12. I(

8 Abraham lbn Ezra, V'B".)$/>;;%, ed. By S.Z.H. Halberstam, Lyck 1874, p. 10a.

'* This is another model trying to explain the phenomenon of trepidation. See details below in the chapter
about the Alfonsine tables.

%% |bn Ezra confuses Ptolemy, the Greek astronomer of the second century (about 90 — 168) with the
descendants of Ptolemy 1** (third century B.C.E), the Greek general of Alexander the great who became king of
Egypt and whose descendants were kings of Egypt during more than three centuries.

*! This text is unclear.

2 Abraham Ibn Ezra, BD"."(0)$ /VS';;'( ,in S.D Luzzato, 4"."&):"7"= 1V, 1839, Prague pp. 159 : 173 and in M.
Friedlander, Transactions of the Jewish Historical Society of England, 2, 1894/95, pp. 61 — 75.

2 MS Heb 1056 Bibliotheque Nationale de France, quoted from Shlomo Sela, Abraham lbn Ezra and the rise of
Medieval Hebrew Science, Brill 2003, p. 360.



" $%8&' $() *% +&&+(!, - ,.$'& [+, %01+ +2'# . (+'3*$+ . &&+(I' .(# 1+%64'S %5%5
1 B0 1S&MIH (8)"1& "HS %"&' ()% +,- (Y6#( . %/~ 1+"0)* 1"1212-+%

1$".")6-)'&3($".)+38&(.35" -E);"(@""&)($") &+6"&(-GWBB)($"7)'--".()($'()($")A32"-) 3B)($")C3=6'+'2)
CAS"")($")"6D$($)-AS".")3B)($")BEP"=)-( .-, ) -+"&=) &=)="-+"8=)J)="DIT($".-)-'6=)($' () ($".")".")
(@3)+6.+2"-)'()($")"U%6&3+(6'2) KY686&-6'8)-+$32" ) +#&3@2"=D"=)($'()($"E) @3.#'=)$'.=)'&=)

3;-". 5"=)($'()($")-('.-)3B)($")C3=6"+2)-A$".")=3)&3() 73BIX%()($")'&+6"&(-)'--".("=,)' &=)L(3E)
@'-)'73&D)($"7,)($'0($")-( ' .-)735")3&")="D."")HKK)E".-)'&=)($3-")@$3)'B(".)($"7)3;-".5"=)
@6($)A."+6-638&)B3%&=)($'()($")73(63&)6-)3&")="D."")6&)RR)E" .-G)!$")(.%")5'2%",)$3@"5".,)6-)3&")="D
6&)SK)E" )b

The value of 1° in 70 years is thus clearly a distinct opinion than 1° in 66 years, it is not as it could be
believed a rounding off of the older value of 66 years. The value of 1° in 66 years had been already
proposed by the Tabula Probata.” The value of 1° in 70.25 Egyptian Years comes from lbn Yunus and
is thus an independent value.*®)

4. Sefer 4"26)$9"$3-$"( .7

TNN MIPA DYDY L[1'7U0 2120 DI 72N0N ,NYYIY 17 ' DY NNd NYININ 72 NYT7 N'¥Y OX NN
"#$ %&'()" ,1* +")* %,$- ."/%0) -&"& '%0$ +1$' ,+ ,)2"3+) -*4 '%0$ %&'()" ,!/$*) /14 %0
JUH $%E&H (O)F 1+& I "#S 1"# $%&%'()*&Dnw A wr Ni7un Nnd YT, 'MANDY 10IDN

>B)E3%)@'&()(3)#&3@)$3@)7'&E)E".-)'D3)E3%.)"-(.32;") @'3;%662($")A2'+")3B(S")-%A".63.
-(.);E)A2'+6&D)($")A36&(".)3B)($")-(.)6&)($")."(")35".)($9263B)($)'5"&)3B)($")-(.32';")'&=)
233#)'()($")+3.."-A3&=6&D)C3=6"+2)="D."")6&)($")"+26A(6+)3B)($")."("G)V3)E3%) @622)#&3@) () @$6+$
'§=)68) @$6+$)C3=6'+'2)-6DBYS$H3:].)6-G)833#)($"&)'()($")A2'+")3B)($")-(.)($'()>)@.3(")(3)E3%G)
Y'2+9%62'(")($")=6BB+")6&)="D.""-);"(@"'&)($")(@3)7"-%."7"&(-G)?3%)-$3%2=)"-+".('6&)($')($")
-(.)735")3&")="D."")6&)SK)E".- 15

5. lbn Ezra’s commentary on Amos. 5: 8.%%
NY DYUN YIRND 19 7Y DOOY' D' N7 NN 'WNN N7 01 NImYY Rt 1901 7'0d01 nnd nwiy

IH'S %&'($ %"$ $)*+$ %S, I"H $%E&'() $)# F+H+, 196 #.H. $%&! %0 " ,1,2.) $)1,3 $3&
I"HB06& 'V6() *#"(+14 | #-.& [#+18& )0/ , 1$#2/# 314/ 5)#B) '+6' &7$! '0 )B.I"HS%& ()&* +#,- H&
" 454 %1"&" () +H)(,(1H) %! 1"HS %&'($ %&))") *&" +&, +.J0%& 1™ +1"  HE& ‘Yo' "HEY &'H

#$# ,(%:% #'&") '()&* &!+," #™*-. ['10 (- 1$ ,.1") +," "1& '1 /&&2"34." JHE% &M ()#
"#$ %3%&"#$%8n "#3% &'(% &% ,($"# :) *$+#) '+%+" -#./0 '%" $-1"+ 2#F-" 2"#S (+%H#H#( 1&%
"# $"%& '&() I'*+,+ "## ", (# #&(, "-. ) &," THS ' "HIHHS &M 1HS ' HS' I"HS

I"H$ #&'S( )*(Yo+# HHS, )(Yo+- H(/0* /1/1% )0 ' I 1"H# "$Y6&H' %(%() "$*SH( "$+*- .$/+$ .0+123
LS S0 (")) 2%, 1"HS 96&'("HSY6 &HE" (&S ¥+, - # I"#.9%/ #O#0 /1"2 '&%" 1"I&//

** See details below in the chapter about the Alfonsine tables, about a model explaining the phenomenon of
trepidation.
*see . S. Bailly, Histoire de I'astronomie modern depuis la fondation de I’école d’Alexandrie, Paris 1779.
%% see Nallino Al-Battani Opus Astronomicum vol 1, p. 293. See also J.J.A. Caussin de Perceval, Les Tables
astronomiques de lbn Yunus, Paris 1819, chapitre 8, p. 169 and p. 237.
%7 Abraham Ibn Ezra, V"B".)4"26)#8"$3-$"( , ed. Edelman, Koenigsberg 1845, quoted from Shlomo Sela,
Abraham |bn Ezra and the rise of Medieval Hebrew Science, Brill 2003, p. 360.
%% Traditional commentary on Mikraot Gedolot. See also:

SRS %&'( 1" HBWE' ()&!S) '$%) ()$& , *+$, #SH)! -L I+ &U()I0* #) 1,1 T &+$1&2 &3+
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1 $96&( )11 *+%6+ (+,1-1 /#) $0)(% 1" 12 .(+13,) 11" #B06& '(")* +,+%) )0%)-. "I [* *.%)
1"#$$%

I"HS0& HH HHI(&)* &+% H#- (,  THBW&'(1"6") (%" (+M(1, ", 1HS 196&'(1 )&+ -.&
" HE%&H 1 &() F$H, & %0 &' IHS %6&'()$"H+,- - (($.'$ (+0** -$12 '13%+ -10**
I Yt &'() K+~ .+, HIOH 1+ OB 2+8,+ 1), S&IS #"., #($-. +, 2B/ HHS S+ - 2/%.
IHS 0S8 )& (H#S & I HS%& I'()* '+, -,

M @$3)7'=")4 $'-62)'&=)4$67")'&=)(%.8-)($")=""A"-()=" #&"--)6&(3)73.&BEE)Y '#"-)($")='E)
= #"8)6&(3)&6D$()'&=)+'22-)B3.)($")@'(".-)3B)($")-"")'&=)A3%.-)($"7)%A3&)($")B'+")3B)($")".($.)($")
83.2)6-)$6-)&'71G

1$3-").")($")@3.2-)3B)0;.'$'7,)($") % ($3.G) 23%) 7%-()#&3@)($'()($".").")(@3)A2'+"-)6&)($")-AB".",
@3$6+93)".")($")A32)ZG-$0) @$6+$)6-)($")Z[ D3&0) &=) 6B 2"=0)6-)&".)(3)($§3.($".&)A32"G)
I$"."B3.")Z0-$0)6-)'2@'E-)56-6;2",)6&)-%77".)"-)6&) @6&(".,)6&) ($") @$32")&3.($".&)6&$'";6("=)A".()3B)($")
" ($G)0&=)($".")6-)");6D)-(.)&™.)(3)($")-3%($".&)A32",)&'7"=)Z\"&3)6&)0.":6+)6()6-) ZVBRHE)9".)
(3)6()($".").")26((2")-('.-) @$6+$)".")56-6;2")-37"(67"-)(3)'22)($3-")2656&D)&".)(3)($")"U%'(3.G)X%()($"-")
-(-).")6&56-6;2")(3)($3-")@$3)265")6&)($")&3.($".&)$"76-A$"."G)0&=) (RS RB-"6A (%) 7"=)

($"7)"="6 )"67'&,)($")+$'7;".-)3B)($")V3%($,);"+%-")($"E)".")6&56-6)83)($3-") 2656 &D)6&)($")
6&$6("=)A".()3B)($")".($G)0&=)Z0-$0)6-)-3)+'22"=):"+'%-")6()6-)=".65"=)B.37)($") @3.5)Z]-$%0) @$6+$
'M)-"5"8)6&-"A";2")-(.-G)0&=)@")'.")-(622)2"B() @6(3)($") (#DBRB&6&D)4"-62) &=)4J6T)G
3A6&63&)3B)3%.)'&+6"&(-)6-)($'()4$67")6-)($")('62)3B)($")+3&-("22'(63&)3B)0.6"-)'&=)($")$"=)3B)($")
+3&-("22'(638&)3B)!'%.%-)'&=)6()+3&-6-(-)3B)-6P)56-6;2")-(.-) 2($3%D$) (SR )BNEIEL3@4&)E)
6.."B%(;2")A.33B-)($'()($")C3=6HR +S$")"+26A(6+)+.3--"-)($")-%A".63.)HEBHAI%'(3.)6&)(@3)

A36&(-,) @$6+3$).")+'22"=)($")"U%6&3+(6'2)A36&(-G)!$ " 4BBA(BAP&+268"=)(3@".=)($")&3.($);E)
(@"&(E)($."")="D.")A298))$'2B)3B)")="D."")A2%-)($")$'2B)3B))-6P($)3B) YMDIQ})KG'Q)_) 0)a)
MAQb)®=)26#"@6-")(3@".=)($")-39&E)-3)($"E)$'5X$."" +3773&)A36&(MD&=)($")-%8&)735"-)
'23&D)($")"+26A(6+G)!$"."B3.")($")73.86&D) @622)(%.8)6&(3)=""A)="#& E)@EAH) F=4"&)6&(3)
&6D$()6&)'22)($")6&$;6("=)A".()3B)($" B 2=8R)B3.)+'226&D)($6-) AYB&E67'0)6-);"+%-")
4$67")@'-)23+'("=)'()($6-)A36&()6&)($")'&+6"& () (BBOB-);"+'%-")($")C3=6'+'2)-APEC)S") "6 DS($)
-A$".")735")B.37)@"-()(3)"-() 0($")."(")3B);3%()HG )="D.")B&)HKK)E"t5)0&=)($") @6-")L(32"7E)
B3%&=)($'()6&)$6-)="E-,):3%()($3%-'&=)E".-)'D3,)($")-(.) 8BS "$]Y3.)8"3&6-)3.)(3="ELeo])
@'-)23+'("=)'()MQ)6&)8)8:=)(3="E)6()6-)HIQ)6 &)B&) ($")&6&($)-AHG) X% () 66B)D &) ($'()e)8"3)6-)
"2@'E-)'(1QJB&)($")"6D$($)-AS],"6&)."2'(63&)(3)($3&-("22'(63&EK=)($")-(-)' -)6()6-)($")+-")6&)

% Three common points: the two equinoctial points and the same center.

% 0f the ecliptic with a longitude of 30°.

* See below in the paragraphs devoted to Maimonides. At the time of the Flood, the vernal point was at the
beginning of Taurus.

*2In the catalogue of Ptolemy established in 137 C.E. the longitude of Cor Leonis is 2°;30’ in Leo. Ibn Ezra
rounded off to 2°.

**In about 1150, the longitude of Cor Leonis is (in the ninth sphere, thus with regard to the fixed vernal point)
is 18°in Leo. This value is also a rounded off value. In 4"26)%#9"$3-$"( he gives 17°; 31’. This value seems
coherent with the value given by Abraham bar Hiyya for 1104: 17°;02’. With these value we find a precession of
17°;31’ = 2°,30’ = 15°;01’ in 1150 — 137 = 1013 years = 1.48 ° / 100 years, about 1.5° in 100 years but more than
1°in 70 years as championed by Ibn Ezra.

**In ancient astronomy the stars are fixed on the eighth sphere and the precession of the equinox was
understood as follows: The eight star is rotating in the direct direction at a rate subject to discussion, 1 degree
in 100 years (Ptolemy), in 66 years (al-Battani) or 70 years (lbn Yunus). This rotation is around the axis rut’,
where tand 1" are the poles of the ecliptic. This is the only way to explain why the latitude of the stars does
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($")"6D$($)-A$" 1):%()&3()6&)."2'(638&) @6($)($")A36&()3B)6&(".-"+(63&)3B)($")"U%'(3.) &=[6E)GR6A(6+,)
($")5".&'2)A36&(,)6()6-)($")+-")6&)($")&6&($)-AG."

Conclusion. Abraham ibn Ezra had the most complete view on the phenomenon of the precession.
We don’t know on which basis he preferred the rate of precession given by Ibn Yunus of 1°in 70
years with regard to the very similar rate of Al-Battani of 1° in 66 years. However the longitude of the
star Cor Leonis which he gave was deduced from the value of Ptolemy by the application of a
precession of 1°in 66 years® during 1000 years.>®

4. Maimonides (1138 — 1204). V"B".)$71'=" )f): 62#$3()?"--3="6)$3.'$ 3:6and 7.

" #$ #$%& '$(# 'B( B) .'B(*"% !+,"$ 1+ #-.'& 1+-)(& #&#'S(,$)& /0 1+'- O#H&" "#$% &'&'
JUHP%& (MHHE ("% +$" L (-( L) SR ) $&)%#H L0/M$ +) "0 $LI#H " $I"2 # %3
N7 1"#3% &$ #' ()& #*+,),)-.! $/$/.0)/1 )$1 )1/ ,.-" '2", ,0)34&* , n71Ma ,N"IX,|0N0 ,D'MIRN
"# $%&!"( $%")1)" nRI"W KIN 'YW 72722W D100 112N KR 21D K71 1TRD DNIXD 70 NIy
[AT2 X7X D'P'7N0N NIX TAD NP 1N X7 DNIX WY DU 1R 2" # #%3& '#1#(& ')*+'
"#$ %&%'(")")*(n!"#$#% &#' (& ,)*+ $", -"# %.% /+." &"0 !I"# $1%& (" I")( *#& "1+%(

not change with the precession. The stars and the position of the vernal point at a chosen initial date, remains
fixed on the eighth sphere. The ninth sphere rotates (the diurnal rotation) around the axis PP’, where P and P’
are the poles of the equator. But if we don’t consider the diurnal rotation or better if we observe it always at
the same hour, it is fixed with regard to the precession movement of the eighth sphere. On the ninth sphere
the vernal point is fixed and the virtual projection of the stars moves forward at the rate of the precession.
When the ancients gave the position of the stars on the ninth sphere, it means that they gave the true position
of the stars with regard to the true vernal point of the date. When they gave it on the eighth sphere that means
that they gave the position of the stars with regard to the position of the vernal point at the moment when the
eighth sphere coincided with the ninth sphere. It is thus fundamental to know the date of reference, when
both spheres coincided, in order to know at the considered moment the amount of shift between the eighth
sphere and the ninth sphere, which is the amount of the precession.

Ibn Ezra mentioned the longitude of 9° in Leo or 129° for Cor Leonis in the eighth sphere. This value is certainly
the rounding off of 9°; 08’ of Cor Leonis in the eighth sphere indicated in the table of the eighth sphere given by
Abraham Zacut in his Almanach Perpetuum (see further). It appears that during the middle ages, the scholars
referred always to the same table of the eighth sphere. It was in fact the list established by ibn al-Kammad
which became the standard list of the stars on the eighth sphere. But the date of reference of this table is not
known with precision. Abraham Zacut (see further) calculated that its date of reference was 563 C.E. but this
date has no real signification. Therefore others thought that the date of reference was 16 July 622, the date of
the Hegira. Others considered a date of reference of 581, 41 years before the Hegira. Anyhow the exact date of
reference of this catalogue is debated. From the text of Ibn Ezra, it seems that he thought that the date of
reference of this list of stars of the eighth sphere was the time when the vernal point was at the beginning of
the constellation of Aries so that the signs of the zodiac read on the ninth sphere coincided with the images of
the constellations (of the stars fixed on the eighth sphere). This must be the signification of the passage of lbn
Ezra telling that .I"#$%& !I'()* '+*, -. )" ,&"(/& '+*, 1(.0% 01! .0 '&2"-& #."' -(& 3.(0. 2, ,0('2( . Cor
Leonis is 9° with regard to the constellation (in the eighth sphere) but not with regard to the vernal point (in
the ninth sphere, where its longitude is 17°;31’ in Abraham lbn Ezra’s time). But this is difficult to understand
because the date of reference must be about 9°,08’ — 2°;30’ = 6°; 38’ / 1.48 = 448 years after Ptolemy, thus 137
+ 448 =585 C.E. We can perform the calculation otherwise: in 1150 the longitude of Cor Leonis was 17°;31’in
Leo. The longitude of Cor Leonis in the eighth sphere is 9°;08’. The eighth and the ninth sphere coincided
17°;31’ — 9°,08’ = 8°;23’/1.48 = 566 years before, in 584 C.E. This date is not far from the date of reference
given by Zacut. At this date the eighth and the ninth spheres coincided. It is much later than the accepted date
— 50 C.E. of coincidence. We know indeed that the coincidence of the signs of the zodiac and the zodiacal
constellations was before the Common Era somewhere between Hipparchus and his followers in about — 50,
when the image of the constellations were defined.

%°(1000/ 66.7) = 15° and 2°30’ + 15° = 17° but (1000 / 70) = 14°17’ and 2°;30’ + 14°;17’ = 16°,47’

%1150 — 137 = 1013. He writes 1000 years. It was perhaps 1140 instead of 1150.
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1$")86&($)-AS".") @$6E+6.+2"-) 22N 3($".)-AS$"."-,)($")'&+6"&(-)=656="=)6()6&) (@"25")A".(-)'&=)B3.)
"+$)3B)($"7)($"E)D'5"))&'7")B(".)($")&'7")3B)($")67'D")3B)($")-(.-)($' ) E3%)-"")%&=".2E6&D)($6-)
A'(G)I$"E).")($")-6D&-)3B)($")C3=6'+1)0.6"-,)!'06.%-,)<"76&6,)Y'&+".,)8"3,)g6.D83H63,)
V'D6((".6%-,)Y'A.6+IB)%'.6%-)'&=)L6-+"-G)I$")&6&($)-AS$".")6(-"2B)$"-)&"6($".) =656-63&)&3.)67'D"-)3B)
($")=6BB"."&()B3.7-)7"&(63&"=,)'&=)6()=3"-)&3()6&+2%)B()3&2E)($.3%D$}EB6D%. (63&)3B)
(8)- ) [68)(3")6DBEAS". SO @")+'8)-")($")67D")3B)($"-")B3.7-)= @&)E)(S"D."(0-(-)
3B)($"-")+3&-("22'(63&-)3.)-6762".)(3)($"7G)0&=)($"-")(@"25") EFEI($)) "6 DS ()-ASN@".") &3()6&)
A"B"+()+3.."-A3&="8+")@6($)($")(@"25")=6 FTBEERIR6&($)-ASNI&2E)' ()($"K7")3B)($")h233=
@3$"8)($"-")&'7"-)@".")D65"&)(3)($"7G)X%()&3@ ,ERRP™)($"E)$'5")'2."=E) 735"=) [B3.@".3)
-26D$(2E,);"+%-")'22)($")-(68)($")"6D$($)-A$])1"5325")-6 76 2E)(3)($")-%&) &=)($") 73ERB7
@"-()(3)"-(]G)X%()@)."5325")$" 56283 ($")[ &D%2])=6-('&+")+35"."=); H}b")-%&)6&)3&")="E) @622):")
+35"."=);E)"+$)3B)($")-('.-)6&)";3%()-"5"&(E)E" )} G

Maimonides’ exposition is certainly the clearest possible. However Maimonides’ affirmation that the
zodiacal signs of the eighth sphere coincided with the zodiacal constellation at the time of the Deluge
is problematic. It is generally accepted that the vernal point will, in its movement of precession,
reach the constellation of Pisces in 2100 C.E. That means that with a rate of 360°in 25800 years or
30°in 2150 years, the vernal point was at the beginning of Aries in 2100 — 2150=—-50 C.E. and in
1658 A.M = — 2103 C.E.* the vernal point was in about 29°; 20’ of Aries , I"# $%&$at the limit of the
beginning of Taurus.

5. R. Moses Cohen and R. Isaac ibn Sid in the canon of the Alfonsine tables (1276).

The theory of the trepidation was introduces by Thabit ben Qura. It was introduced and developed in
Spain by Arzachel in its Toledan tables. It was adopted in the Alfonsine tables, in the Castilian
Alfonsine tables and in the Parisian Alfonsine Tables, in a mature form, a compromise between the
ancient theory of the trepidation and the classical theory of the precession. In the ancient theory of
the trepidation, the vernal point advances at the rate of one degree in 100 years during 800 years
and then comes back backward at the same rate of one degree in 100 years during 800 years. In the
Alfonsine tables the precession is the sum of two functions p; and p,. The first function is:

p1= 360 t/49000. p, is proportional to the time; it reaches 360° after 49000 years and 1° after 136.11
years. It is thus less than half the precession given by Al-Battani. The second function is the periodic
function p2= arc sin (sin 9°* sin (360 * t /7000). After 7000 years, t=7000 and sin (360 * t /7000) =0
and p2=0.Ift=3500 p2 = 0. If t = 1750, then sin (360 * t /7000) = sin 90° = 1 and arc sin (sin 9°* sin
(360 * t /7000) = arc sin (sin 9°) = 9° and if t = 5250 then sin (360 * t /7000) = sin 270° = -1 and

arc sin (sin 9°* sin (360 * t /7000) = arc sin (— sin 9°) = — 9°. This function p2 has thus a sinusoidal form
but the tabulated function does not confine itself to the simple function p2 = 9° sin (360*t/7000) but
to the more complicated function p,= arc sin (sin 9°* sin (360 * t /7000).>® The precession evolves
thus always in the same direction but at a variable rate.

* The date of the Flood according to the traditional Jewish chronology.
%% See José Chabas and Bernard Goldstein, A Survey of European Astronomical Tables in the Late Middle Ages,
Brill 2012, p. 51.
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Figure 1: The precession according to the Alfonsine theory. To a linear term p; we must add a periodic term
P2.

cquator

Figure 2: The model of the trepidation. This model was introduced by Thabit and Ibn Ezra mentions it in
his writings (see above). O is the center of the small circle. Arcs MO and AO have 90°, angle MOA is ¢
(23°;35’ for Al-Battani and followers but 23°;33’ in the Alfonsine tables). Y is Aries 0° (sidereally fixed in
the eighth sphere) and V is the vernal equinox. The amount of trepidation AL is the arc YV; the variable
obliquity is angle YVO; the mean motion i is angle VOY and YH is called the equation of the radius of the
small circle OY. The present figure and the former were borrowed to J. Chabas and B.B. Goldstein, A
survey of European Astronomical Tables in the Late Middle Ages, Brill 2012.
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6. R.lsaac Yisraeli (? —1317): Sefer ?"--3=)T2'7 (1310)*° in Ma’amar Sheni, chapter 6.

I"H$" 1068 %" ( H0)(H() $*HE&H +"H, |)- H#&Y%.]) HY6)OHL "$# #2(- )%)* 3%I. "4"4.] 5#, #'2/, "4"4
4S9 &' ($)*+! #',% -.+& /03 &"1 -"1, 10. ,21#0(3% #)+4! .&"1 &40 (.% /%(% ,+4 &($0 0.
45968 () ($H( 1+ 1" #$%& () (HH&(&* ) %o+%0+) -,.) +)/" #& 0™ )" 2(#'%3*% )A()(

NN MNRL... MW 7 DA nrtn M LHTHS %&! '($& N)*$ &S+ .+ 1%-1& . 1T I"#$"%& $"'$'$()
"#$% &'()(" %*"+*'+ #",- "/ "#-$' "*%0)#0. L.#-% (1 *%, (/" "(1B( (1% "/2% '3(,
" #5%$ &'()F)(F HHE T IS $%& 1OM+$( 1M H)$ -1& |1, J(0*1$ 02 (+),2( 3)45&

TR 71ma 'va nt v npni onyo 2102 DN Ik MR Y $%& 1H#S'()( *)+,-(# *+&%#%) *#.( [#&0-&
"#$% #& ™()" "% ,*%#'+)," %,) #-., "#%/ *H-##$(% )" 0&'1)" O"#(,21 #-"#S$, *-"#$ ",/ '+)"
'#P %&!" #(' )(* +%,1($( %!($%P( +%#-.) #/#/# 0! )112&%HYN D AXINI DN7 TV MNAXRD AW NNI
NI7TN 1TO 71 D19 970 INPNYN RN NYIT 21 N7 DYD KR "#$%! &!I#'()$ $*%* I'+ ,(I-( ,#./
...N17TMN 1TO 7Y X7WI1 NINK 97D 1120122 YOI PNy TIN KIN YIT AINK 21 [ATI DINK DYSI

1$")C3=6'"+'2)-8".")735"-) 2@'E-)".3%&=)6(-)+"&(".)'&=)6(-)A32"-G)>()735"-)B3.@".=-,)5".E)-23@2E) @6($)
6(-)-(.-)'0($").'(")3B)3&2E)3&")="D."")6&)HKK)E" .-G)0;3%() S KBE")L(32"7E,)($")-+$32".)' 2)

X((86) &2EC=)(8")-%;F"+(G):") D."'=) @6(§2"TEB&)(S)A368()(S'()(8")735'7"&)3B)($)-(-)6-)
2@'E-)(B@'.2)($")"-(;%()$")A.35"=);E)$6-)"P'76&'(63&-)($'()($") 735"7"&()6-)HG )="D.""-)6&)HKK)
E™.-G)OB(".)($'()+7")&"@)-+$32".-)B.37)($")0.")-+$32".-)26#")6;&)* #26)'&=)$6-)+322"BIF))
132'=3)'8)3$")(3@&-)3B)VA'68.) &) @$"&)(§ E)-' @)($")=6-A%("):"(@""8)($') &+6"&(-) &=)($")
73=".8-)'&=)($")D."()."-%2(6&D)=6BB6+%2(6"-)B3.)="(".76&6&D)($")23&D6(%="-)3B)($")-(.-)($"E)"P'76&
($")-%;F"+()@6($)($")D." ("-()'(("&(63&)'&=)+37A"."=)($"6.)3;-".5'(63@)$3-")3B)L(32"7E) &=)
{BAA’+$%-)'&=)($"E)+38&+2%="=)B6&'22E)($'()($") 735"7"&()3B)($")-(.-)6&+2%="-) &) ++"--)'&=)")
1+--G)1$")735"7"&()3B)($")C3=6'+'2)-A$"62)5". E)-23@):%()6()6-)&3()'2@'E-)B3.@".=-)"-):6AA".+$%-)
'&=)L(32"7E)($3%D$();%()=%.6&D))2IEA>)6()6-)B3.@'.=-)6&)($")=6."+()=6."+(63&)3B)($")C3=6'+'2)
-6D&-);%()($"&)2'(".)6()6-)B3.))23&D)A".63=,)."(.3D.'=")'&=)6&)($")=6."+(63&)3AA3-6(")(3)($")3.=".)3B)($"
C3=6'+'2)-6DR-G

R. Isaac Yisraeli devotes then two pages to describe more deeply this alternative movement known
by the name of trepidation. Undoubtedly, it is this theory that Yisraeli champions. It was indeed the
theory accepted by the Alfonsine tables and which brought us many years backward.

7. R.Ovadia ben David: Commentary on the Astronomical chapters of Rambam*° (c.1340)

22720 1'7'N 1P DN 72K 77D 001D 12 'R RINT 070K 797K INT 121 700 g Kinw wrwn Y]
NP1 .NI7yn "7 770 70 .0 n 2", 'w'wnin 72720 NNN RKINW D'ROIN 00N 1R D T E#SI%
I"# $%&'( )(& *&+ &$!), -&./# D¥IA'P N'N DYDY 7N INIKAW DDA YIA'PNA NP7 DY 770 ‘704
MH#HS% &'()*&'% +)- ). )&% "#I* %0 &-$& 1"1'2% &'()3#. 1"1'2 " "$"-4% '3'3% &1'2&
" #3$ %& %'! (') 1%* %"+ %' %' !,,- .,'/ .+01 2)%&+ '% !,,- [+/\] &3#% 4.1/ 34#' 1.1+,
Jr

1$")86&($)-AS".)@$6+$)"&+6.+2"-) 22i JEHES") &6&($)-AS".",)6()=3"-)&3()6&+2%=")'&E)-(".);%()($")
<."4)-+$32'.-)=656="=)($")"6D$($)-A$".")6&) @$6+$)@")$'5")'22)($")-('.-,)6&(3)(@"25")A".(-G) +$)A".()
$-)"K)="D.""-)'&=)($"E)D'5")(3)"+$)A".())& 7")'=3A("=) ++3.=6&D)(3)($")B3.7)3B)($")D.3%A)3B)

-( -G)V37"(67"-)($")D.3%A)3B)-(.-)$'=)($")-$'A")3B)")D3'()3.)");%22)3.)-6762".)(3)6(G)!$"E)=656="=)'2-3)
($")&6&($)-A$".")6&(3)(@"25")A".(-)6&)B'+")3B)($")B6.-)A'.(-G)0&=)($"E)=6=)-3)B3.)"=%+{BB&'2)."-3&,)

*R. Isaac Yisraeli,)V"B".)?"--3=)T2'7, ed. Baer Goldberg, Berlin 1848.
* Hikhot yessodei ha-Torah 3; 6.
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735"7"&()3B)($")-(".-) [3B)($")"6D$($)-A$]C)X%() 73.")."+"&(2E)($")-+$32".-)3;-".5"=) )$" Bl

735"7"&(,) 3B3&")="D."")6&)";3%()"+$)SK)E™.-G)!$"."B3.",)-6&+")($")(67") 3B 3 &(62)&3@))($

-('.-) [3B)($")"6D$($)-A$],)@$3-")+3&-("22'(63&-)@".")"P'+(2E)6&)+3.."-A3&="8&+") @6($)($")=656-63&-)3E
($")-'7M&'7")  [6&)($")&6&($)-AF))$'5")'2."=E)735"=G)?3%)+3%2=)($"&)-'E)($'())-(.) @$6+$)@'-)
'0($")(67")3B)($"M2336&)($");"D6&&6&D)3B)($")-6D&)3B)!'%.%-)6-)&3@)' )MK)="D.""-)6&)($")-6D&)3B)
<"76&6BB)($")&6&($)-AFEY

.D10P 191 |'K11 DI'RY D107 N2 N DI W'Y 197 O'RIIN K DI [N W' L,0'R1IN 0dDN 7D
1AW DR L[IYRIN 7700 070 nwwh nil! "#$8%" &'()") ()" *$! +," 1.8 "$) +'10-1 &'()")1"
JHS %& 1'H# ()*+ ,-./* O(/'#'+ 11 O(-#%2

022)($")56-6;2")-(}37")3B)($"7GB) @.3(")k56-6;2);"+'%-") 7'&E)26((2")-(.-)".")&3()56-6; 2"
+06-")3B)($")-7'22)-6C"G))!$".")"."YHKBEB-6:2")-('.-G)!$"E) @".")=6566&)-6P) D.3%A-G)!$")B6.-()
6&+2%="-)($");.6D$("-(-("&F)($"&) @")$'5"))-"+3&=)D.3%A)'&=)-3)B&G

8. R.Abraham Zacut (1452 — ¢.1515) in his book 717an 21a'Nn or NIDT MPDN
I"#$ %&'() *(' +, +"-.& "(*/&0 *1*,1 2'3

07 20D 'Th DWTIF DX DNANNA D YTY? 017 0NY RE,DAN Dt M"E#S%$& Y% (%0)( *+", &-.'$
"#$%B& %™ ()( *($# &+%I( "#"$ %& '$ ()* .+,% +-.& [+01! %&2 +*#3# () #,*+ (4& 2! +2%$*
"L "H#S "%&%0'( &)*%#* "%&+, *- "%.[*1H# *0-1 "%2/*)# Yl .| #* 3*$'&H +*.[#( "#S "%-*+4 &)* %t
N'NY 112V ,UN TIONA X' L,MIR IY'YWAY 9"YXR ,NMIRND 27 DNNL[IWRIN TIAONN IR D2II1D
N2 D1 IYRIN 2702 017020 D70 T NWRY ' "9 RO L IRID TN n! Y TEHS %# &
.02 21 97X 72 17 2MDK 190N 91021 .0 NIND 72V TINY'? 1701° X7¢ 'l n7un TV 0TI ToN
NN NXINW 201D AT 'R YT DXON IWKDILL'0N 72727 A"VNK MY XY DT AT DN ') DIvNnl
'TA DT 'RNIX 'NT IR 119X KIN DX NIANNDNI 12NN D) L,XIN NN 727300 0'7un nTRal RN T2 0T
" #8% '& '()* 'H+ *,-0 )M [,$5.0 11 %2+, 172101 NI72 012NI KINN 22120 OW N ,N27 20D
NN 72720 7Y oI R

"H#1$ %&'()* Yo&+*,- %&S$./ "#3"% %&# %'% (% )*+ %,-% .)#+!+% $!/I0bT7 n¥ N DX DINX
NT IR nwIy "#$ DM 192 1W1AI97R [IT 71710 120N NXTA N¥jPA JAN0IW 9"VUNI 7'71TR DNIX
D'V D NNKX N7XRNAI D70 UKD NIN 1IAYa D K78 D197 'Nin 1710 D71V7¢ MIR XD D .NNRNN nang
D"'YNANI D'YIWN NWY DT 112V DAL D700 N Nnnn 0Mys?i 17n 3" it KN 72737 nwiy Xin
'9021 1IX¥N DAl NPT X7 ,0197 K71 INKT7 'Nn 72720 7710 DR D 'on 72727 1D70mn nd7 1o 't

“ Slow.

*Thus a precession of 50°, 30° of Taurus and 20° of Gemini. This amount of precession makes sense. Indeed
the flood was in 1658 AM = — 2103 C.E. R. Ovadia lived in the fourteenth century and wrote his commentary in
about 1340. The considered span of time is thus 3443 years. With a precession of 1° in 70 years we get a
precession of 3443 / 70 = 49.19°.
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"#$! %&' .(")* +"&, -,&./ 0" 1&!/ $,!' ("2' 3"), 4&$ (V' ,'2,5&$ *. ,$&2"/ "M/ 1" ("2'V/
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JR7IN M IR M'HS%& #BHS (#)"F+, "%- 4% (,% H#, "%-" .(#)"*+% "//0 }"Mw] I"H$% ' "HS %&'$S
1"H3%E& '$ ($%' %)%

"#$ %&'()* )N& ,$*+ $, (-1. ,'(/) )$&0% 1!$ #') 213#)3 1"+0, )(/-$,3 "+% !0, /,&
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** This proves that the Hebrew):" /:6;;%.)$' /<'=32 was written in 1478 although the radices of his tables were
calculated for the epoch 1473 as indicated in the first page of the Almanach perpetuum, Leira 1496.

* The area included between 120° and 150° on the mobile eighth sphere counted from its vernal point taken as
point of reference corresponds to the sign of Leo in the mobile eighth sphere. Thus 9°;08’ in the zodiacal sign of
Leo = 129°;08’ on the eight sphere and it corresponds to 23° in the zodiacal sign of Leo on the ninth sphere or
143° counted from the fixed point of reference, the vernal point. The precession at that moment was 13°;52’.
Now what is the meaning of I"#$%&X? The stars are on the eighth sphere and the ninth sphere is empty. On
the ninth sphere we compare the fixed vernal point with the projection or the virtual representation of the
stars and the vernal point of the eighth sphere in their relative position as at the time of reference. The
distance between the fixed vernal point and the projection of the mobile vernal point of the eighth sphere is
the precession. This virtual representation of the stars and the mobile vernal point allows defining the area
included between 120° and 150° counted from the projection of the mobile vernal point. This is probably what
Zacut names the ‘designed’ sign of Leo.

** Menelaiis.
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*®In the sixth degree of the sign of the zodiac of Gemini on the 9™ sphere, thus at the longitude 65.5°.

*In the beginning of the sign of the zodiac of Taurus on the 9™ sphere thus about.

8 R. Abraham Zacut (Salamanca 1452 — 1515) composed his :6;;%.)$' /D'=32in 1478 (still in manuscript) and
his 0Z ' &'+$)L". A" (%% Fvas published in 1496 in Leiria with the collaboration for the composition into Latin
of Joseph Vincinho. The chapters 9 and 10 were published by Berthold Cohn under the title.)ym".)027'&'+$)
L".A"(%%7des Abraham Zacuto. j6&)X"6(.'D)C%.)<"-+$6+$(")=".)0-(3&J&)'16(("2'2'von Berthold Cohn,
Schriften der Wissenschaftlichen Gesellschaft in Srassburg 1918. In fact this tittle is incorrect because the
Hebrew)$' /:6;;%.)$' /<'=32is more detailed and not identical to the later published Almanach Perpetuum.
The Hebrew composition is extant in three manuscripts in the Libraries of Lyon, Munich and Vienna. A Spanish
translation of these two chapters is also extant. See Cantera Burgos Fransisco, j2)F%=63)-'27'&(6&3)0;.'$'7)
*'+9%(, Madrid, Bermejo, 1931, and Fransisco Cantera Burgos,)0;.'$'7)*'+%(,)-6D23)ng Miranda de Ebro, 2008.
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[[33#]0T&)($6-)7'&&".)@")D3)%&(62)($")-6P($)+'("D3.E);"+%-")6()6-)&3()A3--6;2")(3)-"")-('.-)-7'22".)
($'&)($'()+'("D3.EG)0()($")"&=)3B)(#3¥)>) @622) @.6(")6&)="('62)'22)($") HRRNH-]26-()3B)
L(32"7E)+2"--6B6"=)'++3.=6&D)(3)($"6.)A3-6(633@BEES)6-)($")E". ) HWED6($)."D'.=)(3)($")
&6&($)-A$". Y$"&)E3%) @6-SHRK3@)';3%()')-(.,) @%'()6-)6(-) 7' D&6(%=")'&=) @$'()6-)6(-)23&D6(%=")
38)($")-A$".", " Y@$'()6-)6(-)2'(6(%=")B.37)($")"+26A(6+,)6-)6()&3.($".&) 33 TUZB) @B6-E5]%.")
3B)($")-"5"&)A2'&"(-)6()‘6(',#")($")&'7")3B)($")-('-)6&)($")(':2")'&=)6&)B'+")3B)'53%)@62ﬂ2)BG&=)'22)@$'()
E3%)&"'=)(3)#&3@G)>)(33#)($6-)(';2")B.37)($") @3.#)3B)\G)N%="$);"&)0-$".,)3B); 2"--)6{JBJ 3.Ef
-"=)3&)($")"6D$($)-A$"."E)93@)6B)E3%) @'&()(3)#&3@)($")A3-6(6IRFFEHGISK) ($") &6&($)

For a comprehensive analysis of the work of Abraham Zacut and a comparison of the contents of $' /:6;;%.)$' /
<'=32 (Hebrew manuscript, 1478)and the Almanach Perpetuum (Latin 1496), see José Chabas and Bernard R.
Goldstein: Abraham Zacut (1452 — 1515) y la astronomia en la Peninsula Iberica, Ediciones Universidad de
Salamanca 2008. At about the same time (a year before the expulsion of the Jews from Portugal) a version of
the Almanach Perpetuum was also published in Catalan. The title of the Latin version is: Almanach Perpetuum
Celestium Motuum (radix 1473). Tabulae Astronomicae Raby Abraham Zacuti, Astronomi Johannis Secundi et
Emanuelis Serenissimorum Regum Portugaliae, in Latinum translatae per Magistrum Josph Vizinum, discipulum
autoris. The latter remained in Portugal and was compelled to convert to Christianity in 1497.

'y good catalogue of stars allows finding easily the longitude of a planet in conjunction with a star.

* Two contradictory readings between the extant manuscripts.

> Date of the radices of his tables, although his Hebrew canon, 71Tan 71a'nn or I"#$ 1%"#! could have been
written later, until 1478.

> Taking the precession into account. The ninth sphere is not affected by the movement of precession. Its
rotation corresponds to the diurnal rotation that it imposes to the other 8 spheres. But it is stationary with
regard to the precession. The vernal point is fixed in this ninth sphere and the longitude of the stars increases
with the time. Thus this list of stars must be similar to the catalogue of Ptolemy after addition of 20.5° as
explained by the author. The span of time between 1478 and 133, the date of Ptolemy’s list of stars is
according to Zacut (the generally accepted date is in fact 137) 1345 years and 1345 / 66 = 20.38° which Zacut
rounded off to 20.5°.

> Later the author will explain how to calculate the coordinate of a star when it falls in conjunction with a
planet, sun and moon included. Indeed, thanks to the cinematic models of their movement, we can calculate
their coordinates at any moment, thus in the ninth sphere, with regard to a fixed vernal point. The star
occulted by the planet has the same coordinates. Once we have a catalogue of the stars, we can use it in the
opposite direction to find easily and without great calculations, the coordinates of a planet occulting a star or
passing near to it.

>* Each star is associated with a planet about its nature; it is an astrological concept.

>>R. Judah ben Asher was the Rabbi of Toledo and the great grandson of R. Asher ben Ephraim, the Rosh. He
was the friend of R. Isaac bar Sheshet of Valencia. He died in 1391 as a martyr during the riots. Although a great
talmudist (according to Zacut in his Sefer ?%%$6& he was a good astronomer and wrote a book about the fixed
stars. See Hershman: ha-Rivash, Mossad ha-rav Kook, 1956.

*® The eighth sphere is the sphere of the fixed stars. Its direct movement corresponds with the modern
precession. In the modern precession the vernal point has a retrograde movement and the sun reaches the
vernal point before reaching a fixed star. The tropical year is therefore 20 minutes shorter than the sidereal
year. In the conception of the ancients, the eighth sphere rotates in the direct direction. The sun will reach the
vernal point fixed on the g™ sphere before it reaches the same vernal point fixed on the stationary ninth
sphere, thus the true vernal point. Thus apparently the list of R. Judah ben Asher took the precession into
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consideration only until the date of reference and Zacut used it and added the precession between the date of
reference of R. Judah ben Asher and 1478 in order to establish a list corresponding to the ninth sphere.

>’ The ninth sphere is the superior sphere imposing the diurnal rotation to all the internal spheres. It is not
affected by the precession. We can at any moment of the history, “photography’ on it the eighth sphere and
measure the precession with regard to the fixed vernal point of the ninth sphere. Rambam had expressed it
otherwise: we can draw on it the !-%.3(, the representation of the zodiacal constellation of the eighth sphere
at a particular moment of history, like the 1';%2, the Flood, when, according to Rambam, the zodiacal signs
coincided with the zodiacal constellations. In fact this statement must be corrected: at the time of the food, the
vernal point was at the beginning of Taurus.

*% Ibn Zarqali (1029 — 1087) or Arzachel was a champion of the theory of the trepidation i.e. an alternation of a
slower and a faster precession. In fact Arzachel considered even an alternation of direct and retrograde
movements so that in the long range there is no movement at all.

*% See the figure explaining this alternative movement above, in the chapter of the Alfonsine tables.

% This text seems confuse. Apparently in the system of Arzachel, the trepidation was an alternative movement,
eight hundred years in one direction and then eight hundred years in the other directions and finally no
movement at all. Because of this complication, the radices and the elements of the movement of the planets
were connected to the ninth sphere. King Alfonso corrected the importance of the trepidation and
acknowledged that the rotation of the eighth sphere is always direct. The effect of the trepidation limited itself
to slow or to accelerate this movement, thus an alternation of a slower and a faster precession.

*!In 1256.

®21n 1252.

® |t is probably the book of the fixed stars written by al-Sufi also called Abul al Hussin (903 — 986) called “the
wise”, a Persian scholar and astronomer of the tenth century, who took the longitudes of Ptolemy, increasing
them by 12°; 42’ and noted the magnitudes of the stars after careful observations by himself.

64 Apparently according to the calculations of Abul Hossein and Zacut but not of Alfonso, who used an average
precession of only 1°in 136 years.

®° 1478 — 1256 = 222 years. 222 / 66 = 3.36° = 3°; 21’. Hence: 19°; 38’ + 3°; 21’ = 22°; 59’ rounded off to 23°.

o6 Again in the ninth sphere. The longitude of a Leo in the eighth sphere is 9° ; 08’ therefore the movement of
the eighth sphere is 23°-9°; 08’ = 13°; 52’.

& Apparently for astrologic purpose, the 360° are divided in 28 stations of 12.86° = 12°; 51’. The distance
between the eighth and the ninth sphere is 13°; 52" = 12°; 51’ + 1°.
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® On the eighth sphere. He doesn’t explain us wherefrom he knows this figure in the ninth sphere. See below
how this figure was deduced. In the Almagest (Toomer p. 367) we find for a Leo the longitude of 2.5° in the sign
of Leo.

% We admit today that it was composed in 137 C.E.

%1478 - 133 = 1345.

711345 / 66 = 20.38° = 20°; 22'<20°; 30'.

7> Roman astronomer who observed in Roma in about 92 C.E. See See A. Pannekoek, A History of Astronomy p.
145. The span of time to consider is thus 1345 + 41 = 1386 and 1386 / 66 = 21°. But, as he states, Ptolemy had
already added 25’ and therefore Zacut added 21° - 25’ = 20°, 35’ which he rounds off to 20°; 30’. All this
reasoning is based on the data given by Al-Battani (Nallino, Al-Battani Opus Astronomicum, Vol 1, p. 124).

> Menelais.

" The precession of Hipparchus and Prolemy.

”>The period of the Alfonsine tables is: 49000 / 360. The signification of the different figures 80, 100, 150 and
200 is unclear.

7% More exactly: 1256 — 92 = 1164.

771160 /66 =17.58°=17°34".

’® See Toomer p. 367, the longitude of a Leo was 2°;30’ in the Almagest. As Zacut explains we get the value
found by Menelalis by subtracting 25’ from the longitudes of Ptolemy’s catalogue. The longitude of Menelalis
was thus 2°;05’.

79 19°; 38’ according to what he wrote above. We ascertain that 2°;05’ + 1160 / 66 = 2°;,05’ + 17°;33’ = 19°;38’.
¥ |n the Alfonsine tables the precession is 360° in 49000 years or 1° in 136 years. Thus in 1160 years they
considered a precession of only 8.53° = 8°;31’. Zacut doesn’t explain how they justified the difference between
their value of 19°;38’ and the value of Ptolemy of 2°;30’ or the value of 2°;05’ ascribed to Menelais.

¥ He seems to say that the true precession is 1° in 66 years. But this is not the position adopted in the
Alfonsine tables where the average precession is 1° in 136 years or 360° in 49000 years with addition (or
subtraction) of a periodic term (period of 7000 years).
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82 7acut will establish later that the year 563 of the Christians is the year of coincidence of the eighth sphere
and the ninth sphere. It is the date of reference of the calculation of the coordinates of the stars in the eighth
sphere, performed by ibn Al-Kammad. The difference of 13°;52’ reached in 1478 between the eighth sphere
and the ninth corresponds to the precession counted from 563 onwards until 1478, counted at the rate of 1° in
66 years. Indeed (1478 — 563) / 66 = 13.86° = 13°; 51’. But Zacut adds that the precession should have been
taken into account, at the same rate, before 563, between Menelalis in 92 C.E. and 563 C.E. It is not clear for
me to whom this reproach is addressed. Zacut’s own correct calculations will be given below.

® Berthold Cohn had in his German translation, understood this sentence as follows: 0B(".)($")(67")3B)02B3%-3
6&)($")E".)’ RM3B)($")0Y$.6-(6[&I)26 7)) ) @$6+$)6-)($")E™.)oWKKKHR)[6&)($")N"@6-$)+'2"&=")3.)HMWK)6&)
($"Y$.6-(6'&)+'2"&=])($"E);"D'&)(3}".")B3.)($"-")+3.."+(63&-); %6 "E)-$3%2=)$'5")+"."=)B3.)($"-")+3.."+(63&-)
B.37)($")(67")3B)1"&"2'q-)3.)L(32"7E)3&@"' Ghe text is certainly corrected but his explanation is
problematic. The year 563 of the Hegira does not correspond to 1240 C.E but with about 1168 C.E. This year is
certainly not after Alfonso. The number of corrections necessary is important and the mistakes, for example
the confusion between Christian and Muslim calendar, do not correspond to the mistakes of a copyist.

® That the precession is constant and its value is 1° in 66 years.

¥ In the ninth sphere. The measure of the ecliptic coordinates of the star is very difficult; it is difficult to fix the
vernal point in the stellar sky or to relate the stars to the vernal point: However the occultation of a star by a
planet or the moon allows the calculation of the ecliptic coordinates, in the ninth sphere, of the planet or of the
moon, and by the same occasion, of the occulted star. The correction of 10’ instead of 7" was introduced in
order to make the calculation fit.

® This value is given according to a table of the eighth sphere, established for a fixed reference time, in use at
his time; this date of reference is 563 C.E. Indeed the difference between the eighth and ninth spheres is
13°;52’ and 13.87° / 66 = 915.2 years. The reference year was thus 1478 — 915.2 = 562.8 years. In his Latin
Almanach Perpetuum, published in 1496 in Leiria we find a table of the brightest stars ‘ad octave sphere’
according to the eighth sphere (magnitude 1 and 2) on fols. 164v and 165r or, 320 — 321 in the reproduction
fac-simile of 1915. In particular on fol. 164v we read Libra 3°;18’ for Spica and Leo 9°;08’ for the heart of Leo or
Regulus.

¥717°,10’ - 3°;18’ = 13°;52’

% n the Almagest, (XXV, 8) the longitude of a Leo is 2°;30’. Thus 1'D6+ seems to count the longitudes of the
eighth sphere and reproduces exactly the table of the Almagest.

#1478 - 133 =1345. 1345 / 66 = 20.38° = 20° ;22’ which he rounds off to 20°;30".
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% Astrologic book composed in Hebrew by ibn Ezra: version 1 written in Béziers in 1148 and a version 2 written
later in France in about 1148- 1149. See Shelomo Sela: Abraham ibn Ezra and the Rise of Medieval Hebrew
Science, Brill 2003.

! There are 28 stations of 360° / 28 = 12.86°. The 14th station begins at 167,14° and the 15th station begins at
180°. If Spica is at 3°,18’ in Libra = 183°;18’ it is in the 15" station. The whole passage is problematic because
the longitude of 3°;18’ in Libra of Spica is calculated in the eighth sphere and corresponds to the situation in
the year 563. We don’t see why ibn Ezra is concerned with the year 563. It seems more logic to consider that
ibn Ezra considers the situation in the ninth sphere in his time or in the time of Ptolemy as some astrologers
prescribed. If we consider the year 1125, we have then 1478 — 1125 = 353.

The shift is 353 / 66 = 5.35 = 5°;21’. The position of Spica in the ninth sphere in 1125 was: 17°;10’ - 5°;21’ =
11°49’ in Libra or 191°49’ in the 15" station and with the same interrogation as that of Zacut. If, by contrast,
we refer to the value of Ptolemy, (XXVII, 14) we find Spica in Virgo 26°;40’ or 176°;40’ and now we are indeed in
the 14" station.

The division of the 360° into 28 stations for the study of the moon is already mentioned in the commentary of
R. Ovadia ben David on Rambam, V"B".)$/1'="$,):62#3$3()?"--3="6)$'/!3.'$ 3:6.

2 The coordinates of the planets, sun and moon included, are calculated through the theory of their movement
with regard to the vernal point in the ninth sphere. ‘Today’, in 1478 the longitude of a star in the ninth sphere
is 13°; 52’ greater than in the eighth sphere, which represented the situation in 563, i.e. 915 years before.

% 1°/66 = 54.55"/ year.

** The gap between the 8th and 9th sphere is 13°; 52’ = 13.87° in 1478 C.E. = 5238 A.M. Now 5238 / 66 = 79.36°
=79%21’. The position of the vernal point on the ninth sphere was thus at the era of the creation: — 13.87° +
79.36° = + 65.49°. The distance between the ninth and the eighth sphere, which was — 13.87° in 1478 was at
the creation 65.49°. The vernal point was thus in the ninth sphere in the sixth degree of the sign of the zodiac
of Gemini.
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Figure 3: The position of the vernal Point in the ninth sphere: Zacut and the Moderns.
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The present figure summarizes the calculations of Zacut. It is based on the following assumptions. -
1. The ancients considered that the stars are fixed in the eighth sphere which moves forward. By contrast the
vernal point is fixed in the ninth sphere. The longitude of the projections of the stars of the eighth sphere on
the ninth sphere increases with the time. Here, for easiness, Zacut considered fixed stars and a vernal point
moving backward as we do in modern astronomy; hence the denomination: precession of the equinox.

2. The precession is of 1° in 66 years and 3. Zacut calculated that the date of reference of the eighth sphere is
563 C.E. That means that in 563 the eight and the ninth sphere coincided. Moreover Zacut admitted (as did
already lbn Ezra) that in 563 the zodiacal signs (ninth sphere) coincided with the zodiacal constellations
(eighth sphere). Therefore the vernal point was at the beginning of the constellation of Aries. On the figure
the left scale is the time in A.M: Anno Mundi of Beharad, the second scale is the time in C.E: Common Era.
The third scale gives the position of the vernal point with regard to the zodiacal constellations according to
Zacuto’s assumptions. The fourth scale gives the position of the vernal point with regard of the zodiacal
stellar constellations according to modern assumptions: a precession of 360° in 25800 years and a
coincidence of the zodiacal signs and zodiacal constellations in -50 C.E. We did not consider the secular
variations of the precession.

3B)($")5".&'2)A36&()3B)($")"U%)B)E' () (67")($"E)@".");"D6&&6&D)(3)+3%&()($")-6D&-)3B)($")C3=6'+)
"-A"+(65"2E)B.37)<"76&6)'&=)B.37)!'%.%-)6&)($")-'7") @'E) XRRE)+3%&()($"7)B.37)0.6"-)"-)
0;%2):3--"6&)($")0.";,)@.3(")6&)$6-) @3.#G)>QRRUK)2"-- ) RK)E" - ) ($")"6D$($)-A$".")'=5'&+"-);E)
($.")-6D&E)$"."B3.")6&) W) 3B)($")+." (63&,)($")$""=)3B)0.6"-)3B)($")"6D$($)-A$".")+36&+6="=) @6($)
($")A3-6(63&)3B)($")5".&'2)A36&()3&)($")"U%' ()\BE-) (6 7'1)($")"'6DH($)'&=)($")&6&($)-A$"."-)
+36&+6="DW6.($".73.")@$"§'6DSOE".-)2'(".)($".") @"-)")+3&F %&+(63&)3B) N&AB(%.&)'&=] ()

($'067" 18"[1%$7'= "](%D$Y$")8'@)(3)($")0.";-b)($6-)@'-)3&) 1" +$)MEB P/ SHE )'$")
+3&F%&+(638&);"(@""&)NYBABY"(%.&)3++%.."=);" (@™ &)")'&=)"J) 76&%("-)'()($")"&=)3B)($")
-"5"&($)="D."")3B)V+3.A@B562")g"&%-)@'-)6&)($"); " D&RY3B)($")-6D&)3B)Y'A.6 H36&ME S
48&3@)'2-3)($'()($"6.)735"7"&()6-)."2'("=)(3)($")A32"-)3B)($") "6 D$($)-A¥}-)L(32"7E)@.3(")6(G)
1$")2'(6(%=")($'()@")B3%&=)6&)($")027BB:{($")$'&=)3B)g6.D3)6&) MRIBINS")-6D&)3B)§¥Y.D3,
"73%&(-)(3)MQb)MKO)-3%($".&)(3)($")"+26A(6+G)[ ") B3I EIB)$!$6D&)3B)86 (% () @")

> The year of the Exodus is 2448 according to Seder Olam. It means that Adam was 2448 years old. The event
was in 2449 AMII (Weyad) corresponding to 2450 A.MI (Beharad) =—1310 C.E. thus 1478 —( — 1310) = 2788.
The shift of the ninth sphere with regard to the eight sphere, during this span of time is 2788 / 66 = 42.24°. In
1478 the distance between the ninth and the eight sphere was —13.87°, in — 1310, it was —13.87 +42.24 =
28.37°. The vernal point was thus at the very end of the sign of the zodiac of Aries, nearly at the head of the
sign of the zodiac of Taurus.

%5940 / 66 = 90°

°7 In 1478 the difference between the two spheres is 13°;52’=13.87°. Now 13.87 * 66 = 915.2 years. The two
spheres coincided,(their point y coincided) 915 years before in 1478 — 915 = 563 C.E. = 4323 A.M.

*® He was born in 570 C.E.

24323 +8=4331 A.M. =571 C.E.

190 | checked these data with the tables of B.Tuckerman: Planetary, Lunar and Solar Positions A.D. 2 to A.D.
1649, The American Philosophical Society, Philadelphia, 1964. We note that Saturn and Jupiter were near to
each other during winter and spring 571. There was not a true conjunction. On March 28, the difference of
Longitude was about 1.5° and in latitude 1.3° and Venus was in Aries. The two planets were the nearest on
March 6, the difference of longitude was about 0.5°and the difference in latitude about 1.2°; Venus was in
Pisces.

9 The poles of the ecliptic.

For the star Spica.

We must add 20.5° to the values of Ptolemy to get the modern values on the ninth sphere.

Thus 26°;40’ + 20°;30" = 47°;10’ Virgo = 17°;10’ Libra or about 17° in Libra.

1% On the ninth sphere.

102
103
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1% 1 fact the list of stars published in his Almanach Perpetuum refers to the eighth sphere.

The movement of the ninth sphere corresponds to the diurnal movements. The poles are the poles of the
equator.

7 The poles of the equator.

Zacut refers to an unpublished table of transformation of ecliptic coordinates to equatorial coordinates.
If A =90° and B = 90°then a = 90° and the distances of the star to the equator, measured on a circle of
declination are 113°;33 and 66°;27. The declination is of course the smallest distance, it is 66.67°. Zacut
considers that the angle € between the ecliptic and the equator is 23°;33’

"% The table is unknown to us. It allows transforming ecliptic coordinates into equatorial coordinates.

If z is the zenithal distance at the moment of the transit, then:z=¢@ ! §andh=90°-2=90°-¢! !.

If we are on the equator §=0and h=90°-1! .

1.1f 6 >! : The culmination happens south to the zenith, the zenithal distance z and the altitude are
respectively: z=! —! andh=90°-2=90°-¢ + 4.

106

108
109

111

112

2.1f6=! :z=9p -8 =0andh=90°-2=90°- ¢ + .= 90° The culmination happens at the zenith.

3. If 6 < ¢: The superior transit happens north to the zenith. The zenithal distance and the altitude are
respectively: z=8 — @ and h=90°-2=90°+ ¢ — 6.
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Additional remarks about the conception of the ancients.

The 8™ sphere is the sphere of the fixed stars. It is affected by the precession and it moves forward at
the rate 360° in 25800 years or 1° in 71.67 years, according to the modern astronomy. Ptolemy had
fixed its value at 1° in 100 years and Al-Battani at 1° in 66 years. lbn Ezra preferred the value of ibn
Yunus of 1° in 70 years. If, at a fixed date, the reference date we consider that the eighth sphere and
the ninth sphere coincide. The vernal point is the point of intersection of the equator and the
ecliptic: The eighth star is sphere of the fixed stars. The vernal point and stars are fixed on this
sphere. It moves slowly around the axis passing through the poles of the ecliptic in the direct
direction at the rate of the precession. We can note the longitude of all the stars with regard to this
vernal point as the origin of the longitudes and the zodiacal signs of the eighth sphere. The longitude
of these stars will remain immutable on this eighth sphere. The rotation of the eighth sphere during a
span of time of Y years will be (Y / 71.67) in degrees.

The ninth sphere is the sphere of the diurnal movement around the axis passing through the poles of
the equator. But it is fixed with regard to the precession. We must only look at it once a day at the
same hour. On this fixed sphere the vernal point is fixed. The stars of the eighth sphere move
forward at the rate of the precession and can be projected on the ninth sphere. Their longitude on
the ninth sphere measured with regard to the fixed vernal point, increase proportionally to the time.
Thus for the moderns, the star are fixed and the vernal point moves backward, hence the expression:
precession. For the ancients, the vernal point is fixed and the stars move forward with the eighth
sphere. Practically we depart from a reference date. At this moment both spheres, the eighth and
the ninth coincide. The eighth sphere begins then to turn and the stars and the vernal point remain
fixed on this eighth sphere and turn with it. The ninth sphere and the vernal point are fixed with
regard to the precession in such a way that the projection of the stars on it, move forward at the rate
of the precession and their longitude increases at the same rate.

4. At the moment of the inferior transit: z=180°- § —! andh=6-(90°-! )= @ +! —I"#.
BF181<90° -1 @1, then the star rises and sets. If it is at the equator, & = 0 it rises exactly at the east and sets
exactly at the west. If 6>0 it rises at the north-east and it sets at the north-west. If 6<0 it rises at the south-east
and it sets at the south-west.

If181>=90°-lg |, its celestial parallel "#$%'tIcross the "#"$%&MHorizon! lIf § > 0 the star will always be
above the horizon. If 6 < 0 the star will always be under the horizon and necessarily invisible.
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Thus after the date of reference the coordinates of the stars on the ninth sphere are always greater
than on the eighth sphere, but before this date of reference, the coordinates of the stars are always
smaller than on the eighth sphere. It is also important to make the difference between:

! The signs of the zodiac used to measure the longitude of the stars from the vernal point on
the eighth sphere. If, for example, a star has the longitude 129°;08’, the ancients said 9°;08’
in Leo.

I The image of the constellations of the stars on the eighth sphere, which have the same
names as the sign of the zodiac.

Now the coordinates of the star on the eighth sphere don’t change with the time. Thus any catalogue
of the stars, with their longitudes could be used for the eighth sphere on the condition that we know
the date of this catalogue. Nevertheless, it would make sense to adopt as reference time, i.e. the
time when on the eighth sphere and the ninth stars coincided, the moment when the vernal point
coincided with the beginning of the stellar constellation of Aries. On this way, at the reference time,
the twelve stellar constellations of the eighth sphere will coincide with the twelve zodiacal signs of
the ninth sphere. The sky and the stars at the moment of reference will thus represent the situation
of the sky at the end of the Hellenistic period, when the concept of the Zodiac and it signs were
conceived, when the stellar constellations coincided with the zodiacal signs. As the coordinates of the
stars in the catalogue of Ptolemy were established for 137 C.E these coordinates corresponding to
the ninth sphere in 137 C.E. must not differ substantially from the constellations and the signs of the
eighth sphere. If we consider according to modern data that in 2100 the vernal point will reach the
beginning of Aquarius, then the vernal point was at the beginning of Aries 25800 * (30 / 360) = 2150
earlier, in — 50, thus 187 years before the date of Ptolemy’s catalogue. In The Tables of Moon and
Sun, Meeus 1962, it gives for Regulus in 1950: 149°;08’. Going back to the year — 50, we find 149.13 —
(2000 / 25800)*360 = 149.13 —27.91 =121.23° or Leo 1°;13’ and in 137 we would have 1.23 + 2.62 =
3.85° =3°;51" instead of 2°;30’ in Almagest. Such a difference is perfectly likely when we consider that
the table of Ptolemy was probably derived from a former table based on observation by the addition
of a precession of 1°in 100 years instead of 1.52°.
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Let us now come back to the text of Zacut. He writes notably ™" that

I Today, in 1478, one must add 20.5° to the values of Ptolemy’s catalogue to get the longitude
in the ninth sphere.’™

I In 1478 the shift between the eighth and the ninth spheres is 13°;52’. That means that the
longitude of a star in the ninth sphere is 13°;52’ greater than in the eighth sphere.

I The position of a Leo in the eighth sphere is 9°;,08’ in Leo and in the ninth sphere, in 1478 it
was 23°.'°

I The position of Spica in the eighth sphere is 3°;18’ in Libra and in the ninth sphere, in 1478, it
was 17°10’ in Libra.'”’

1% After several corrections of the corru pted text.

Ptolemy gave for Regulus 2° ;30’. Zacut gave for its position in the ninth sphere 23°.
In the Almagest, the longitude of a Leo is 2°;30’. The position in 1478 in the ninth sphere is 2°;30" + 20°;30’
=23° and the position in the eighth sphere is 23° - 13°;52" = 9°,08’.

115
116

28



Figure 4: The first page of the Almanach Perpetuum printed in Leira (Portugal) in 1496. Fac-simile
edition of 1915 by the Portuguese Government. Xerox copy of the exemplar belonging to the Library of

ALMANACH PERPETUUM
CELESTIUM MOTUUM

(RADIX 1473)

TABULAE ASTRONOMICAE

RABY ABRAHAM ZACUTI

ASTRONOMI JOHANNIS SECUNDI ET EMANUELIS
SERENISSIMORUM REGUM PORTUGALIAE

IN LATINUM TRANSLATAE PER
MAGISTRUM JOSEPH VIZINUM

DISCIPULUM AUTORIS.

REPRODUCTION FAC-SIMILE
DE L’EXEMPLAIRE APPARTENANT A LA
BIBLIOTHEQUE D’AUGSBOURG.
EDITION 1496 LEIRIA.

J. B.OBERNETTER ~ MUNICH 1915.

ETH Zurich.
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in 1478 in the ninth sphere is 26°;40" + 20°;30’ =47°;10’ Virgo or 17°;10’ Libra and the position in the eighth

In the Almagest, Toomer p. 369, Constellation XXVI 14, the longitude of Spica is 26°;40" in Virgo. The position

sphere is 17°;10’ - 13°;52’ = 3°;18’.
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Figure 5: First part of the table of the stars in the eighth sphere in the Almanach Perpetuum. The first
column from left gives the magnitude, the second the zodiacal sign, the third, the longitude in the sign, the

fourth, the latitude, the fifth, latitude north or south, the sixth gives the associated planet (astrology).
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Figure 6: The symbols of the zodiacal signs. Leo 9°;08° means A = 129°;08’, the longitude of Regulus in the
eighth sphere.
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Figure 7: second part of the table of the stars in the eighth sphere in the Almanach Perpetuum. We note
on figure 5 the stars of first magnitude Regulus: Leo 9°;08° = 129°;08° and Spica: Libra 3°;18> = 183°;18’
considered by Zacut in his Hebrew canon.
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Figure 8: Last page of the Almanach Perpetuum: a table about the mobile Christians festivals with the
colophon mentioning Raby Abraham Zacut, ‘Astronomer Royal’ of Portugal. This title did not exist at
that time; I borrowed it to the title created in 1675 by the king of England for the director of the new
observatory of Greenwich. Flamsteed was the first to be called by this title.

The checking of these figures in the preceding notes shows that they are coherent. The only question
is: how and why did Zacut choose his eighth sphere in the year 563. Apparently it does not
correspond to anything; no star catalogue corresponds to this period. His eighth sphere, with
reference to the year 563 C.E. was probably deduced from the catalogue ascribed to Menelaus and
deduced from that of Ptolemy. The procedure was probably the following:

Span of time between 563 C.E and Menelaus 92 C.E.: 563 — 92 = 471 years. Shift: 471 /66 =7.14 =
7°,08’. But in fact Ptolemy had already added 25’, and rounded it later off to 30’ for the period 92
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C.E. to 133 C.E."® therefore 7°;08’ should be reduced to 6°; 38’ if we refer to the values of Ptolemy.
Apparently the astronomers of the Middle age lost sight of this point.

Spica. Almagest: 26°;40’ Virgo. Ascribed to Menelaus by Zacut: 26°;10’. In 563: 26°;10’ + 7°;08’ =
33°;18’ Virgo = 3°;18’ Libra

Regulus or Heart of Lion. Almagest: 2°;30’ Leo. Ascribed to Menelaus by Zacut: 2°;00’. In 563: 2°;00" +
7°;08’ =9°,08’ Leo.

The theory of Zacut is thus perfectly coherent but the reason of the choice of the year 563 for his
eighth sphere remains a conundrum. An explanation could however be as follows: Zacut noted that
the precession in 1478 with regard to the catalogue of Ptolemy is 20.5° and he noted also that the
difference between the ninth and the eighth sphere is 13°;52’. Hence the difference between the
ninth sphere of Zacut (1478) and the catalogue of Ptolemy is 20°;30" and the difference between the
eight sphere (563) and the catalogue of Ptolemy is 20°;30" — 13°;52’ = 6°;38’. This can be checked in
the table of the 56 brightest stars given by Zacut in his 027'&'+$)L". A" (%%7according the eighth
sphere Spica is given as 3°;18’ Libra and Regulus is given as 9°;08’ Leo. In the catalogue of Ptolemy we
find Spica: 26°;40’ Virgo and Regulus: 2°;30” . The difference is indeed 6°;38’. Now It appears that the
Andalusian astronomer ibn al- Kammad'"® constructed a table of 30 stars which differs from the
catalogue of Ptolemy by the same difference of 6°,38’. The table of Zacut would then be an
expansion of that of ibn al-Kammad. As for the date of 563 for the table of ibn al-Kammad
constructed in the second half of the twelfth century, Goldstein and Chabas'® have made the
assumption that the author, using a slightly different value of the precession, could have constructed
this table for the date of the Hegira, in 620. This does not yet explain on which basis this astronomer,
ibn al-Kammad, established that at this epoch the vernal point was at the beginning of the
astronomical constellation of Aries i.e. that at this epoch the zodiacal signs of the ninth sphere
coincided with the zodiacal constellation of the eighth sphere. It is not excluded that this coincidence
had also a religious and cosmic signification.'”* What a symbol if at the day of the Hegira, the vernal
point was at the beginning of the constellation of Aries and the stellar constellations of the eighth
sphere coincided with the zodiacal signs of the ninth sphere!

The several mistakes in the Hebrew manuscript and the complications due to the conception of the
ancients complicated the good understanding. We see that while other important astronomers of
that period and even later, like the great Copernicus were still mixed up in the theory of the
trepidation; Zacut had definitively broken with the theory of the trepidation and he came back to the
theory of Al-Battani, near to the modern values. This was a century before Tycho Brahé, but it was
only the latter who determined the exact value of the precession. The notion of the nutation would
only become known much later.

87acut considers that the date of Ptolemy’s catalogue is 133 C.E.

Ibn al-Kammad, died 1195. Andalusian astronomer born in Seville, al-Andalus and educated in Cordoba by
the students of Al-Zarqgali. He composed different zys (Arabic astronomical tables), which influenced later
astronomers. See Comes, Mercé (2007): ibn al-Kkammad in Thomas Hockey. The Biographical encyclopedia of
Astronomers, New York, Springer, pp. 559 — 560.

120 Goldstein and Chabbas (1996), ibn al.Kammad'’s Star List, Centaurus 38: 317 - 334. Carvalho, J de (1927),
Dois ineditos de Abraham Zacuto, Revista de Estudios Hebraicos 1 : 7 — 54.

2! The exact appreciation of this coincidence was very difficult to observe and had probably a subjective
character. The mstake is about 9°.
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9. The word of the end.

The problem of the precession was a fundamental problem in the middle age astronomy. We have
seen in this paper how important Jewish personalities were involved in its elucidation and
participated to the general scientific debate which it arose. Some streams of the Jewish elite opposed
the study of philosophy but apparently there was never any objection against the study of natural
philosophy (today we say physics) and especially astronomy. It was certainly considered as the study
of the natural divine rules, parallel to the religious divine rules. Even such an :'2'#3$6-( as Rambam
could spend time to the study, besides the medical sciences for professional reasons, for making a
livelihood, of natural sciences for purely speculative interest. As | suggest such a study could also
have a religious signification'?* and therefore it did not arise any objection.'®® The same can be said
of personalities like R. Levi ben Gershom who had a life of a professional astronomer parallel to that
of a Bible commentator and a Talmudic scholar or Abraham Zacut, whose book was published a year
before the expulsion of the Jews from Portugal with the mention of ‘Raby Abraham Zacuti’. This spirit
will survive in the sixteenth century in the schools of Maharal in Prague and of R. Moses Isserles in
Cracow. But in general this spirit will decline because of the conjunction of two concordant factors.
First the disappearing of the liberal spirit of the Renaissance, which was of nature to suppress the
material boundaries between the cultures and the religions, because of the Counter-Reformation, a
movement of counter-attack after the successes of the Reformation introduced by the Protestants.
This Counter-Reformation was marked by the Council of Trent (1545), the reorganization of the
inquisition (1542)*** 125
Index of forbidden books and finally the interdiction of the stay of the Jews in the Pontifical states.

and the watching of the impression of books (1543)"“> with publication of an
The result of this new situation was the greater difficulty to gather scientific knowledge and the
resulting greater danger for Jewish students of external influence and pressure for conversion and
apostasy.’?® Even if we had still in the seventeenth and the first half of the eighteenth century, a
number of rabbis'?’ graduated from the University of Padua or later some Jewish doctors graduated
from Leiden and Utrecht universities, where Jews were tolerated, the exercise was not without
danger. The graduated doctors exerting in the European towns were often among the most liberal
and enlighten spirits, the most removed and the weakest member of the community, the firsts to
break away with it and to convert to the state religion. The second factor, a consequence of the first,

122 These principles of astronomy are expounded in :62#%3()?"--3="6)$!3.'$ , chapter 3.

Nevertheless, in a wonderful letter addressed to R. Jonathan ha-Cohen from Lunel and to his friends,
Rambam presents these different branches of science, as concurrent to the Torah. He devoted much time to
them at the expense of the Torah study. See Isaac Shilat, >DD".3()$\'7;'7  , Jerusalem 5747, vol 2, p. 502. It
is possible that astronomy has, for Maimonides, a special connection with the knowledge of the divine and has
therefore a special status because it reveals the infinity of the universe.

124 Giordano Bruno and Galileo must have been well informed about it.

Jewish books must now be controlled by a censor having knowledge of Hebrew.

Rabbi Joseph Solomon Delmedigo (student in Padua in 1609 — 1610) in his book j267 (Amsterdam 1629),
warned parents against sending their sons to Padua before ‘the light of the Torah has shined upon them.... in
order that they not turn away from it’. Similarly, Tuvia Katz (student in Padua in 1678 — 1679) wrote: ‘ No one in
all the lands of Italy, Poland, Germany and France should consider studying medicine without first filling his
belly with the written and oral Torah and other subjects’. See Ruderman D.B. Jewish Though and scientific
Discovery in early Modern Europe, New Haven, Yale University Press pp. 239 — 242.

27 Among them R. Samson Morpurgo (1681 — 1740), R. Isaac Lampronti (1679 — 1756) who are still considered
as <"=3267(rabbis whose halakhic responsa are universally recognized), R. Joseph Solomon Delmedigo (1591 —
1655) and R. David Nieto (1654 — 1728). The two latters also appear in V$"7)$' /<"=3267(Hida, Livorno 1774)
through their book.
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was then a new attitude of the Jewish community which became frankly negative to the study of
sciences. Still today the rightest streams of the Jewish community behold this position and raise it
into an ideological and religious principle. The existence today of scientific faculties in Israel, allowing
acquiring knowledge, at the highest level, without the former problems and dangers, without the
new political hostility against the Jews, should remove this traditional hostility, which has lost any
justification. The ‘religious signification’ of scientific studies and research should assert itself again in
the image of our greatest scholars and at their head, Maimonides.
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