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Introduction

I. Some biographical elements.

Joseph Solomon Demedigo (1591 — 1655) was the son of Elijah Delmedigo, rabbi at
Candia. He was given a thorough Jewish and classical education. At the age of 15 he was
admitted at the University of Padua. He studied there mathematics and astronomy,
medicine and philosophy. In the same time he continued his Jewish studies. We know
that he attended the lectures of Galileo during the years 1609 — 1610. He was also in
contact, during this period, with Leone Modena, whom he visited in Venice. In 1613 he
completed his studies at the University of Padua and he returned to Crete where he
married and practiced medicine. After a few years he left his homeland, never to return.
He passed through Cairo and Constantinople where he was in contact with local
Karaites.He probably shared with them an interess for secular learning. He later went to
Poland where he was practicing medicine in Vilna in1620. He stayed about five years in
Poland. In 1621 he was in Lublin and in 1624 he was twice in Krakow.

He went then to Hamburg where he remained shortly and then for a longer period to
Amsterdam. In these towns there were many Jewish physicians, of local and mostly of
converses offspring. It seems that he could not earn his living as physician and was
obliged to turn to a rabbinical career. In 1629 he printed his first book Elim. It was
published by Manasseh ben Israel. His other printed books were issued at the same
period. His disciple Samuel Askenazi edited his book Ta’alumot Hokhmah in Basle:
Mazref la-Hokhmah in 1629 and Novelot Hokhmah in 1631.

In about 1630 he settled in Frankfort on the Main where he became the communal
physician.

In about 1648 he settled in Prague where he resided until his death. Here he could again
have choosen the rabbinical career in order to earn his living.

His books denote his ideas and ideal of popularization of scientific knowledge.

However, his contemporaries R’ Yom Tov Lipman Heller and R’ Yair Hayim Bachrach
spoke of him in the highest terms and praised his piety and his vast erudition.

Because of the involvement of Delmedigo in the general evolution of sciences and ideas,
the following time table could be useful.

General History.

1580 defeat of the Armada

1598 Edit of Nantes

1610 Assassination of Henri IV
1618 Begin of the thirty years’ war
1628. Descartes in Holland

Jewish History.



1571 Birth of Leone Modena

1611 Death of Samuel Archivolti, rabbi of Padua

1622 Manasseh ben Israel preacher in Amsterdam

1625 R’ Saul Morteira becomes Hakham in Amsterdam

1627 R’ Yom Tov Lipmann Heller becomes chief rabbi of Prague
1628 Portrait (and its engraving) of Delmedigo in Amsterdam
1629 Arrest of of R> Yom Tov Lipmann Heller in Vienna

1629 Sentence and Grace of R” Yom Tov Lipmann Heller

1648 Death of Leone Modena.

1650 R’ Samuel Aboab Rabbi in Venice

History of Mathematics and sciences

1579 Canon mathematicus of Francois Viete

1591 Algebric revolution, Viete uses letters in Algebra

1593 De Varorium: Viete discovers the fundamental formula of spherical triangles
Leading to the formulas of transformation of astronomical coordinates

1594 First works of Napier on logarithms

1603 — 1610 J. Burgi discovers independently the logarithms

1609 Kepler: Astonomia Nova

1610 Galileo discovers the satelites of Jupiter

1614 John Napier: Logarithmorum canonis descriptio

1616 First trial of Galileo

1624 Henry Briggs improves the logarithms

1632 Galileo: Heliocentrism

1633 Second trial of Galileo

I1. Delmedigo and Hilkhot Kiddush ha-Hodesh.

In the book: Yoseph Shelomo Delmedigo (Yashar of Candia), his life, works and Times,
by Isaac Barzilay, Leiden 1974, we read page 63 about his two visits to Krakow in 1624.
In a letter written to Zerah mi-Troki, at Vilna shortly after March 1624
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When | was in Krakow, some of the wise and noble people of the land gathered around
me to listen to my exposition of Maimonides tractate concerning the laws of the
sanctification of the new moon. And in order to get a better understanding of the subject,
| composed a small essay explaining the words of the master to which | also appended
tables. However all these pamphlets remained together with the rest of my books in
Krakow. Barzilay refers to Ha-Carmel, VI, (1867) p. 390, col. B.



In the same book the author mentions all the unpublished works that Delmedigo claimed.
He mentioned those books according to the list in Mikhtav Ahuz, the list published by
Shmuel Ashkenazi (introduction to Mazref la-Hokhma) of Delmedigo’s published and
unpublished works that Yashar mentioned in his writings. In this last list we find (9)
Essays on Maimonides’ Hilkhot Kiddush ha-Hodesh with reference to Ha-Carmel, VI,
(1867) p. 390, col. B.

The present manuscript seems indeed to belong to Delmedigo. There are many references
to his printed books in sentences written in the first person:

QW MPn 1902 °NRAAY

QWM UV 902 77T HY 2N027 120
aw 1P°Y ,°N2ART 7TI0°7 710 7190
QW MM2A 790 710 °1502

At the end of the manuscript, the epoch of Delmedigo is examined but the text does not
speak in the first person but about the epoch of Yashar.

It seems that the present version of the commentary on Hilkhot Kiddush ha-Hodesh must
be a longer and more elaborated version than the version written in Krakow for didactic
purpose. Indeed the present version represents, in an important part, a supercommentary
on the commentary of R. Obadia ben David: corrections of the text or of misprints and
elucidations of the text. The commentary includes also mathematical developments about
the examples of the Mefaresh. Delmedigo devotes many explanations about the
properties of the equality of two fractions, about the multiplication of two trigonometrical
functions and especially long considerations about the evaluation of a number of natural
days (sunset to sunset) in mean time.

In his commentary Delmedigo uses at one occasion one of the formulas of the spherical
rectangular triangle. Note that Delmedigo never mentioned or used the general formula of
the spherical triangles that Francois Viete had discovered and published in his De
Varorium, 1593. He was therefore not aware of the formulas of transformation of the
astronomical coordinates. By contrast Delmedigo used the tables of Viete published in
1573: Canon Mathematicus. Delmedigo knew about the recently discovered logarithms
but he did not use them practically nor in Elim nor in the present manuscript.

Despite the knowledge by Delmedigo of the last, or at least, the recent mathematical
developements, this commentary on Hilkhot Kiddush of ha-Hodesh remains a book of the
past. It is still written in the same spirit as the commentaries of R.Obadiah ben David,
Ralbah and Levush. Delmedigo is attached to details about calculation, about the passage
from true time to mean time. But the great problems of the book of sanctification, the
sense of the whole procedureof the calculation of the arc of vision, escape to him. In the
discussion about the definition of the arc of vison between the Mefaresh against Ralbah
and Levush, Delmedigo did not react. He had nothing to argue and he clearly by his
silence supported the position of the Mefaresh. More generally Demedigo has nearly
nothing to add about the last chapters of Kiddush ha-Hodesh, the most difficult and
challenging chapters. When he addresses the problem of the quota of the geographical
latitude (p. 338, left column, 16™ broad line in the Vilna edition) he discusses the details
of the numerical calculation. But he never questions the formula itself.



Books mentioned in the manuscript.
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Personalities mentioned in the manuscript.
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Ptolemy, Rheinhold, Euclides and Regiomontanus.

Our manuscript has the numerotation Ros 255 (n° 3908). It does not appear in the list of
manuscripts ascribed to Demedigo available on the web site of the Hebrew University.
The manuscript was already briefly described by Tsi Langerman Kiriat-Sefer Vol 58
(1983) pp. 199-200.
Delmedigo in his commentary generally does not refer to the classical references, chapter
and halakhah, but to the numerotation of the pages.
It is then important to examine to which edition of Mishneh Torah he referred.
The first edition of Mishneh Torah appeared in Soncino in 1490 by Gershom ben Moses.
In 1524 Bomberg printed the first classical edition of Mishneh Torah.
In 1550, Alviso Bragadini issued a new edition of Mishneh Torah. It included the text of
Maimonides, the commentaries of Kessef Mishneh and Migdal Oz and in Hilkhot
Kiddush ha Hodesh the text of Maimonides was completed by the commentary of R.
Ovadia ben David but without the different drawings belonging to the text although the
empty spaces in the text seem to correspond to reserved places for these drawings. It
included also for the first time the annotations of R. Meir Katzenellenbogen of Padua.
In the same year, Bragadini’s competitor, Marco Antonio Giustiniani published also his
own edition, including the full text of Maimonides’ code, with commentaries of Kessef
Mishneh and Migdal Oz and in Hilkhot Kiddush ha Hodesh the text of Maimonides was
completed by the commentary of R. Ovadia ben David but without the different drawings
belonging to the text. It included also an abridgement of R. Meir Katzenellenbogen’s
commentary and was published without Katzenellenbogen’s knowledge. We note that the
chapter 5 of Hilkhot Kiddush ha-Hodesh correspond to folios 202 a and 202b while the
manuscript refers at that place for the first time to page 278. Delmedigo does not seem to
have used this edition.
This second edition resulted in a celebrated dispute between the two printers followed by
a decision of R. Moses Isserels in favor of Bragadini. But it led a prolonged feud and
denunciations to Pope Julius 111, who eventually decreed the burning of all copies of the
Talmud in 1553. It is only in 1564 that Alvise Bragadini’s press resumed its activities.
The second edition of Mishneh Torah by Bragadini was published in 1574-1575 in
Venice. In the front page it is stated:
WD MANITIT MIYAN DY 1100 T WIAT WITR MY WD MIMWI MNANT YR PN NwTm
201 "% "nn
It is to this edition and to its pagination that Delmedigo refers in his manuscript.
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! Hilkhot Kiddush ha-Hodesh 1: 3 in Mefaresh

Z Eccentric.

3 own 117.

* pxm means the center of the circle, the trajectory of the sun or of the moon; it is a synonymy of 2.

This word was used in this meaning by Ibn Ezra; see in his introduction to his commentary on the Torah:
PIRT PXIMD 2T PR WR KX 9323, See more details in n 5w n°72yn 111902 Fp0ANNRT HNR ONDIX AY-12 TA
o137, R’ Ovadiah the Mefaresh, uses also this word with this meaning, for example in his commentary of
H.K.H.5, 2.

® Apogee.
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® Perigee.

" The words 3y and 9393 seem to be synonymies. However Delmedigo uses 323 for the main circles and
the eccentric circles while is uses 2avn for the little circles and the epicycles.

® The explanation is not clear and not convincing. The movement of the celestial body on the eccentric
circle is uniform but because of the eccentricity the angular velocity measured from the earth in the point is
non uniform. When the body is nearer to the earth the angular velocity is greater.

° The diurnal movement of the celestial bodies is clockwise or retrograde; it is for the observer in the center
of the celestial sphere from east to west. The annual movement of the sun and the monthly movement of
the moon are direct movements, counterclockwise or from the west to the east.

1% The movement of the moon on the epicycle is clockwise or retrograde, thus from the east to the west.

! There is a lapsus calami in the manuscript.

2 There is a lapsus calami in the manuscript.

3 The moon will easily recapture the sun. Despite his Sephardic origin and education, seems to take the
same grammatical liberties as his contemporary fellow rabbis of Europe. He seems to forget that n is
masculine.

 The movement of the moon on the epicycle is clockwise and we have the impression that its movement is
in the same direction as the center of the epicycle. Thus their movements combine and the apparent
velocity is maximum.
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> However, according to the theory of Ptolemy, which was still followed at the author’s time, the mean
moon or center of the epicycle is at the apogee at the conjunction and the opposition. Therefore only the
four last cases of these 8 possibilities must be considered and it is the case 5 which gives the longest time of
recapture of the sun by the moon.

16 Apparently he means that these 8 cases are purely theoretical and in the reality there are less cases
because some of the cases are not met in the reality.

" This book is mentioned a few times in this manuscript. | cannot identify it; it could perhaps be the
surname of Ptolemy’s Almagest.

'8 THE Geography of R. Abraham bar Hiyya.

9 According to the model of Ptolemy, the center of the epicycle, which is the mean moon, is at the apogee
of the eccentric at the moment of the conjunction and the moment of the opposition.

? The text is not clear. This situation happens at the first and the last quarter.

21 At the moment of the conjunction the center of the epicycle is at the apogee of the eccentric. The mean
sun has thus a slow velocity. However if the moon is in the lower part of the epicycle, the velocity of the
center of the epicycle and of the moon on the epicycle have the same direction and add together so that the
moon recaptures the sun in a short while especially if the sun is at its apogee. It corresponds to the case r; it
is the shortest possible at the conjunction. Indeed the case x is not possible according to the model of
Ptolemy.
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%2 He refers here to the four cases considered by the Mefaresh, these four cases do not apparently refer with
the order of the cases considered above.
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2 The author refers to passages of the Mefaresh; he does not give his reference by the chapter and the
halakhah but by the page of his edition of the Rambam, which he does not precise. Apparently he used the
edition of Venice 1574-76, apparently the first edition with the commentary of R. Ovadia ben David on
Hilkhot Kiddush ha-Hodesh and its drawings.

* HKH 4; 6 at the end of Mefaresh.

% HKH 4; 6 completely at the end of Mefaresh.

HKH 4; 9.

" HKH 4; 12.

% We don’t know what was printed in his edition and what he suppresses in the commentary of the
Mefaresh.

2 HKH 4;12, in Mefaresh.

0 HKH 4; 13.

S HKH 4;14.

%2 HKH 4; 15. o"193= in the text of Maimonides.

% The glose of Remah in HKH 4; 2.

% Mefaresh on HKH 5:1.
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% Mefaresh on HKH 5;2.

% Delmedigo corrects a mistake still extant in our text (edition Vilna-Warsaw). However the mistake was
corrected in the edition Shabtai Freankel.

%7 The following of the text is coherent and I don’t see any reason to erase it.

% In the Vilna-Warsaw edition on p. 316, 3 lines from bottom.

% probably mwp n.

%% The explanations are confused. The true conjunction in Tishri can follow the mean conjunction by 6
hours maximum and precede the mean conjunction by 14 hours maximum. Thus if the mean conjunction is
Tuesday after noon, it is certainly before 6 p.m. and the true conjunction is the latest on Tuesday evening
before midnight and certainly not at the end of the 4™ day. On this assumption the earliest vision of the new
moon will be 20 1/3 hours after the true conjunction, thus on Wednesday evening ( 71 2°?) the earliest, or
Thursday evening or only on Friday evening.

*! See Hilkhot Kiddush ha-Hodesh al-pi ha-Rambam, J. Ajdler, 1996, pp. 225-227.

20



PRI OV MR AART 01 W 1PN KDY YIIPT OV 2109 WXART T o 429 mmw an At
n PR 39" B MR IR 01 W WORY T 10 '3 DY AYTApT pionw Nva KYR
W' WK RW 20D JpnY

9a 11

1A% 9120 DaR XI[PTA] AT 927 2" WHRY IR0

92 MR AYAPAW) YOAPT TIN NIWA PRY 9"YK MR 279107 1w NIXIRD NN T “ow Ty

NRRY NI DARY NITA NW2 D3P 932 NPINWH 7RI D"YRY A7RIT 780 KOR (Mmpnn

I TR IR 279902 7ONW IR O 0N DNWW IR DO AR ROW A AR N°2YHaw N0
X237 0" PR]PER AR W T 09WR L YEARD IR NRYAW R YW 29503 TR 'R 1T
W [R]PWIP 7N %7 IR 2171 "R RN 10ROV PROYY 997 MR 27¥n2 KOTW MPTn Ywn

"R 27912 IRII DK T2 NDIR RD ORI T RIT WA D" NINWR AR IYARW NRA wpn
5"} 797 °"R NPRI2 KX XD PIOY PRW °100m [W] 729991 2°"'RA 71277 WP 2792 MR w1 00
9222 NORIW INRA ORI WAIR DOWTPAY M7 X1 R2W WD 71207 [2]7279n N aaw [nmpnn
2171 NP2 INY AW NMIXIRD 127 °"R2 D2TW 0107 ROX

9902 .71 Y awn [an]7? Rk YR 212 17aR0 1" arw *89"S[Ara yara pawnn] e a1 A7 ow T
T WY RS 739051 5" 202 A"1p nxnn

9"V NY 2P 1A72 2aR 2"1.0°7910 1277 AT 112 7" HWw aw 0™ 9ORY (' 12°0 0°192 aw T

TN AR PWIYY D27 ROR [PWRI] 0" 7 R MID0Y 2™ 1111 195 138m1 WPV 03w O 700 ORI
A APN1R 373 W "2 DM PR RN YR T

799 1ORAY AR A°TR PAvVa 7P BV 1R NooNn

M3 PYRAR? TP NN PIPI I ORIN DY ROR Y°2R7 NATIP ORI 7PN XYW IR 20D
X177 IWORW 77 212 V2P 1T 9702 AR AN 'Y O MIRA R 70 OVEARTY D"YRY "A-17 7072
2" OVRARTA AR W [29"X] PrONn SNYMART PI2RAWw 3-17 T7T7 NIRRT 2952 10 AR
1A% PINR R OR 2aR "7 992 1797 AR KD DIXA AR OYIART QY TR VA2 7777 2NOIRT 19RY

SR NoN PIMAY PRY 2192 ARIIT POV POV IR NN WI292 pmin.'T 292 aORW WO 727712 2TIpw
5097 '3 7772 12 SYRAR? QTP NARAY ORIN DY ROR ORI OV MR 7Y°2p0 21 Y R? "M
PYADKR AT 777 [12]°OKY) 17 ar2 Avapm 7 902 RN

9b "5

SPIRD DTIP OVIARIWD 1299K 7Y°2P7 0¥TPN TORITY WK WARN ORT (2R IR WK "R 27917
1M (NPARD DT OVEARAW 7711 OR 2" OVINRTA WMRNY SNMART TIOPAY IR AW MWL 1)
TRW 1NN NPARTY 2 QY MM NN 7377 VXAKRIY W12 1502 IR [1P]NW M1 2oL w7172
MW NP AT 1907 K AN "7 9992 5% 2070 OKRIW 7101 .7 2 TV YA MnTo 20912 R
SWXNRIW DA 317 7772 RAOWA AP 0192 179992 ORI 1971 PR TR MIET R VAR

“2 At the end of Halakhah 2.

*2 In Mefaresh p. 317 of the edition Vilna-Warshaw, on top.

“ End of the commentary of the Mefaresh on HKH 5;2.

** This adverb is surprising.

“HKH 5; 13.

*" The whole remark is surprising: it is true only if the witnesses did not arrive on the evening following the
29th day. Then the first day was kept because they were waiting for the arrival of the witnesses. But after
Minha, when the witnesses did not arrive, they kept it only for rabbinical reasons and the day of Rosh ha-
Shanah was postponed to the next day. All this of course only in Jerusalem. Often they kept only one day
in Jerusalem and outside of Jerusalem they considered the first day as the true day for the counting of the
10 days of Tishri and the fixing of Kippur.
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“® In the Mefaresh, at the end.
%% See Hilkhot Kiddush ha-Hodesh al-pi ha-Rambam, J. Ajdler, 1996, pp. 225-227. This situation is
exceptional, but it can happen in Israel as this was the case in 4683 (p. 226).
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% Mefaresh on HKH 6;3, in the middle of the right column p. 318 (edition of Vilna).

*L An hour is 2.5 parts (minute) or each part of the day is 24 minutes. One minute is 2.5under-parts or each
under-part is 0.40 minutes. 29d 31° 50°” = 29d 12h + 1/60 + 50 /3600 = 29.5 d + 24m + 20m = 29d 12h
44m = 29d 12h 720 halakim.
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1080 — 264 = 816

%225 * 60 = 150.

%% 1hour = 150 / 3600 days. Thus (110 / 150) * 60 = 44 minutes. Delmedigo writes: 110” = (2/3) * 150 >+
10” = (2/3) hour + 10 * 0.40 minutes = 44 m.

> In the margin it writes 720 + 72 = 792.

% Mefaresh on HKH 6:3, 5 lines from bottom of the right column (edition of Vilna). According to al-
Battani the tropical year is 365.25 d — 3 2/3 of 360 in a day = 365.25d — [(3 2/3) / 360] * 25920 = 365.25 d
— 264 halakim = 365d 5h 816 halakim.

%61 /360 of a day = 1 /15 of an hour; thus the difference is also (3 2/3) /15 of an hour or 3 /15 hour + (2/3)
/15 hour. The first term is then (3/15) * 1080 = 1080 /5 = 216 halakim. The second term is (2/3) / 15 hour =
(2 /45) * 1080 = 48 halakim.

> There is confusion in the manuscript. We are no longer dealing with the tropical year of al-Battani but
with the opinion of those who consider that the tropical year is 365.25 d + 0.2 hours + 0.02 hours = 365.25d
+ 216 halakim + 21.6 halakim = 365.25d + 237.6 halakim..

%8 An astronomical fraction.

%300/24=125

80 1 /300 day = 1440 m / 300 = 4.80 minutes = 25920 halakim / 300 = 86.40 halakim. The tropical year of
Ptolemy is then 365d 6h — 86.4 halakim = 365d 5h 993.6 halakim
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®1 HKH 6:8 at the beginning, on top of p 318, left column.
%2 HKH 6;8.
%32687 d 6h 883 hal
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7392071 M2V PN 7315057 9PN MW PN 73505 %P RN AR
1 18 21 378 41 738
2 36 22 396 42 756
3 54 23 414 43 774
4 72 24 432 44 792
5 90 25 450 45 810
6 108 26 468 46 828
7 126 27 486 47 846
8 144 28 504 48 864
9 162 29 522 49 882
10 180 30 540 50 900
11 198 31 558 51 928
12 216 32 576 52 936
13 234 33 594 53 959
14 252 34 612 54 972
15 270 35 630 55 990
16 288 36 648 56 1008
17 306 37 666 57 1026
18 324 38 684 58 1044
19 342 39 702 59 1062
20 360 40 720 60 1080
14a 191
muws 2™ 4252d 9h 792 hal
mwn't 2687d 6h 883 hal
73397 naw on 6939d16h 595 hal®
Tann N v™on 6939d18h
1h 485 hal®™
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206d 17h 151 hal

1h 485 hal
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% In the manuscript it wrote 18h 595.
% In the manuscript it wrote 1 — 585.
% This correction appears in the edition of Shabtai Fraenkel. It is difficult to know if his corrections in the
text of Maimonides’ are based on his own logical appreciation or if he had a manuscript at his disposal.

Anyhow he certainly corrects the text of the Mefaresh according to his understanding.

67 1x 7"7 moon
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8 HKH 6;1, in Mefaresh

% Mefaresh p. 319 right column line 37 in the Vilna-Warsaw edition.

"0 Mefaresh p. 319 right column line 51 in the Vilna-Warsaw edition.

™ The whole figure is difficult to understand; similarly the relative position of Babel and Israel is surprising
as Babel is at the east of Israel.

30



1997 AW X DTIPIR PR IR XV 73277 TP ) NTIPI2 12 2002 »"'T [ v O"R 0125w R TIm
DRV N MYWI MYY 2" AT POIX NN 7ONW Q1YR 29V 300 2TR IPWD 20Tp0° I 9102
,T2°RY 3 DTIRAY OUR 9127 RN KDY WAwh 21797 0P 77 7700 3 NTIPI2 12 0192 apDIR DY nTwa?

15a vo1o

Q177 °¥7 NTIRI ROAW 2 NTIRI TV 0T MR DWW Ww TV WAw? N 217 7000 29YIw 19w 9on
WAWTA T PRON T ANRY "R 2137 1Won n0n abva mvw o™ on .19 [](1)an 7aw "Ra
aN01 WINAR MIYY wWw 1170 "R 2127 931 '3 9% nmn L n DI Anws 29v Nk 9" nww Y nR)
'3 %D 3 NTIPI TV 0T 09 AR T POV 2 1AW IR PV X7 922 01291 'R 2120 jwnn '™
MYW WW I°°707 B 7Y 3 -1 200 3727 RITW 2" % DRI R 70N TY W aYa ownl o2 nvw
312 POIN? WAIWOW 57 922 121 MYW 1 TIW 01 K37 WHAwnn 71010 B NTIPIA pATIY NN WO
QW 077 YPWW WAwhn prani K21 5Wn 17 DWW ' P 79102 102V ROW JOR PUTY 00 2 27vna D22
X177 5770 1NN IR XY D°W PRI DA 707 NP INRY INYORW 2TIP NN IR KPI 7297 X TP
AR PO DY WnAwn M1 MYw " R MYw "D T MY A Ypww TR DY xn , myw 2™ ooyl
TR 922 °12% wIAn MYw 0" oaw A DTPIY YWY Wiawma Pran MYY '3 M Pk 77 922 0125
SIRI27 9071 9K 21291 H22 0125 a7 RN

15b 519

29195 13 9993 WA R TR DWW

IR KT 227 9RY AAY PYP PR MIZA AR 7 ORI 2" 9" WK 3799 77 ke aw T
NYOPWY A0 27¥n2 AR WINT NPIN2 7700 9" OWR 2709 7771 R\ TR0 00 T OR LPYVapY
TV MR DR 2R 12 KIT 21PW 2"YR MYW WW IR 12 29912 0nw 'K 212 DR 2P " annd
Y2777 X071 2 [N]PAwnY 18D 1oYW KO [N]PWn R0 NOYea77 4 100 . wawi 1 8207 pronw
1XYW AT MYVY WW RDR 7277 WA M paan1 Xow 9"vRY 9" T RanY Py R Ry 2''en
AT %P 7Y NWONI Y22 MY NART *59 YaR 295 W' 21w Yo venrn sovuw 5"vR 2"1 923

"2 Mefaresh p. 320 right column line 2 in the Vilna-Warsaw edition.

® Mefaresh p. 320 right column line 11 in the Vilna-Warsaw edition.

™ It corresponds to the longitude 90°, 24° east of Jerusalem. The inhabited world was considered from o°
till 180°. Bagdad was thus to the west of the center of the world.
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> Mefaresh p. 320 right column line 8 from bottom in the Vilna-Warsaw edition.
’® Marginal addition.

" Mefaresh p. 320 left column line 2 in the Vilna-Warsaw edition.

"8 Mefaresh p. 320 left column line 4 in the Vilna-Warsaw edition.

" H.K.H. 7:7. Last words of the gloss of Rabad.

81 don’t understand this abbreviation.

8 Mefaresh p. 321 right column line 4 in the Vilna-Warsaw edition.
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8 Mefaresh on H.K.H. 7:8.

8 | ask myself if it should not be o»w Mo°.

8 We are back in chapter 7 in the manuscript.

®HKH.7:3.

8 Mefaresh 7 : 1. P. 319 right column, line 9 in the Vilna-Warsaw edition.

8 Mefaresh 7: 1. P. 319 right column, line 31 in the Vilna-Warsaw edition.

8 Mefaresh 7: 1. P. 319 right column, line 34 in the Vilna-Warsaw edition.

8 Mefaresh 7: 1. P. 319 right column, line 43 in the Vilna-Warsaw edition.

% Mefaresh 7: 1. P. 319 right column, line 50 in the Vilna-Warsaw edition.

% Mefaresh 7: 1. P. 319 right column, line 65 in the Vilna-Warsaw edition.

% Mefaresh 7: 1. P. 319 right column, line 68 in the Vilna-Warsaw edition.

% Mefaresh 7: 1. P. 319 right column, 6 lines from bottom in the Vilna-Warsaw edition.
% Mefaresh 7: 1. P. 319 right column, last line from bottom in the Vilna-Warsaw edition.
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% Mefaresh 7: 1. P. 319 left column, line 33 in the Vilna-Warsaw edition. Perhaps: R. Hanael whom the
Mefaresh mentions twice.

% Difficult reading. Mefaresh 7: 1. P. 319 left column, line 4 in the Vilna-Warsaw edition.

" Mefaresh 7: 1. P. 319 left column, line 68 in the Vilna-Warsaw edition.
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% H.K.H 6; 1 in the main text.
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% Delmedigo tries to prove that the delay of 22h 540h can be reached if the Molad is at noon. In this
calculation he takes into account a distance of 1h 622h between Jerusalem and the center of the world, the
“tibbur ha-arets”. Thus according to Delmedigo the mean equinox in Jerusalem occurs at Molad + 1h 622h.
WHKHS; 2.

YIHKHE; 7.

2 HK.HB; 1.

1% HK.H6;2.

104 9% avn.

% H.K.H6; 3.

108 Mefaresh p. 318, right column, line 19.
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97 The text is clear but the drawing much less.
1% 1 our printed editions : paragraph 3.
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19b 91

1% The real meaning of this calculation is unclear: 12 Jewish months are 354.37 days to compare with a
year of 353, 354 or 355 days. 13 Jewish months are 383.90 days to compare with a year of 383, 384 or 385
days. 235 Jewish months are 6939.69 days to compare with 19 years of 6939, 6940, 6941 or 6942 days. It
only after 689,472 years that we get the equality between 8,527,680 Jewish months and 251,827,457 days
giving an average year of 365.246822 days. This year is 0.00462 days to long with regard of the tropical
year. The explanation of the author that Tishri is made full because 29 — 12 — 793 is greater than 29 is not
convincing; it is rather than we want the two months before Tishri and Nissan to be defective that Tishri
and Nissan are full.
"9 H.K.H 8; 5, line 6.

1| ast lines of the right column p. 321.

Y2 p 321, left column line 2.
13 p 321, left column, line 8.

1% | ine 18.
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118 Undefined reference.

17995 mxn &9 ox7.

118 (12 - 793) — (1 - 1050) = 10— 823.

19 \We say : omavn.

120p 321, left column, 8 lines from the end of the commentary on paragraph 5.

121 (29 — 12 — 793) * 235 = 6939 — 16 — 595. The three following lines :114 * 30 = 3420 ; 114 + 29 = 3306
and 7 leap months = 7 * 30 = 210 thus 6936 days in total.

122 ppparently it is a variant proposed by Delmedigo: the 19 years are 12 years of 12 months and 7 years of
13 months thus a total of 235 months.
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3035 * (29.5) =117.5 * 59 = 6932.5 days and 235 * 793 = 186355h = 7 — 4 — 595.
* Mefaresh on H.K.H 8; 6.

*H.K.H 8 ; 10.

®p. 322 right column line 41.

"P. 322 line 45.

8 p. 322 left column, line 4.

9 P. 322 left column, line31.

O p. 322 left column, line 39.

1 p. 322 left column, line 44 or line 33 from bottom..

2 P. 322 left column, line 25 from bottom.

® Incomprehensible.

*P. 322 left column, line 23 from bottom; in both printed version the text is: oy “x or».
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135p 322 left column, line 17 from bottom.

136 p 322 left column, line 15 from bottom.

1375085 = 267 * 19 + 12. See p. 322 left column, line 12 from bottom.

138 p 322 left column, line 10 from bottom.

139p 322 left column, line 7 from bottom.

14016 * 247 = 3952,

“LEnd of HK.H9; 3.

142 Mefaresh on H.K.H 9 ; 3, line 6.

3 In the Vilna and the Fraenkel editions : 27 120 see p.323 line 11.
144365.25 — 12 * (29 — 12 — 793) = 365.25 — (354 — 8 — 876) = 10 — 21 — 204.
45 p_ 323 right column, line 22.

148 Jup .

147129 * 19 = 2451,

148 p_323 right column, line 7 from the end of the commentary of paragraph 3.
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19 Mefaresh on H.K.H 9; 4 p. 323, right column, line 7.

150 Mefaresh p. 323, left column, line 25. In both Vilna and Fraenkel: 2>p5n 1"yp.
51 Mefaresh p. 323, left column, line 39.

152 Mefaresh p. 323, left column, line 48.

153 Mefaresh p. 323, left column, line 51.

>4 Mefaresh p. 323, left column, line 53.

155 Mefaresh p. 324, right column, line 10.

156 Mefaresh p. 324, right column, line 17.
157
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365 —5-997-48
91 -7-519-31

88 — 14 —

2-17-300-31
91 -7-519-31
30-10-533-10

29 12 793
21 - 82010

29 12 793

7

206 — 18 — 636
206 — 17 — 151
1 485

16010 - 21 - 204
19
206 — 17 — 151

158 Mefaresh on H.K.H 10; 1 p. 324, line 6 of that paragraph.

9t is unclear why this name of R. Adda.
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1% pifference between 365.25 and 354 — 8 — 876, thus difference between the year of Samuel and 12 lunar
months. When we multiply by 19 we get the difference between 19 years of Samuel and 228 months. If we
subtract the 7 lacking months we get the final difference between 19 years of Samuel and 235 jewish

months.
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Anno Mundi 1'%
Date Day
30 Shevat Tuesday
1 Adar Wednesday | Molad Adar 2 — 20 — 929
22 Adar Wednesday | Tekufat Samuel 4 — 0 — 0; 22 — 3 — 151 after Molad Adar
29 Adar Wednesday | Tekufat Adda 4 — 0 —0; 29 — 3 — 151 after Molad Adar
1 Nissan Thursday | Molad Nissan 4 — 9 — 642
1Elul Thursday | Molad Elul 5 -1 — 287
27 Elul Wednesday | Tekuf Samuel 4 — 15— 0; 1 — 23 — 0 before Molad Tishri
1 Tishri AM2 | Saturday Molad Tishri on Friday 29 Elul 6 — 14
5 Tishri Wednesday | Tekufat Adda 4 — 14 — 1038 — 62
5-0- 1038 — 62 after Molad Tishri.
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L n fact it is 919% 12
162 |n the manuscript it writes errouneously 4 — 10 — 438.
163 Explanatory note: The first year of the Jewish calendar.
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164 Mefaresh p. 324, right column line 15 of parapraph 1.
185 Mefaresh p. 324, right column line 30 of parapraph 1. The Mephresh counts the hours of the day
independently and calls the Molad 6 —14:2—1

166 Mefaresh p. 324 last line of right column.

167 Mefaresh p. 324, left column, line 23.

168 Mefaresh p. 324, left column, line 24.

169 Mefaresh p. 324, left column, line 32.

170 Mefaresh p. 324, left column, line 36.

71 Mefaresh p. 324, left column, line 43.

172 Mefaresh p. 324, left column, line 49.

173 Mefaresh p. 324, left column, line 50.

174 Mefaresh p. 324, left column, line 62.

175 Mefaresh p. 324, left column, line 50.
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178 Unclear. The year of Samuel exceeds 12 lunar months by 10 — 21 — 204 and after 19 yras this excess
reaches 206 — 18 — 636. After introducing 7 leap months, this excess is reduced by 7 * (29 — 12 — 793) =

206 — 17 — 151 and becomes 1 — 485.
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Y7 Thus in contradiction with the Vilna edition n~»m wnwn belong to paragraph 12.
8\efaresh p. 325, left column, line 7.

179 Mefaresh p. 325, left column, line 9.

180 Mefaresh p. 325, left column, line 8 from bottom at the beginning of paragraph 7.
8\efaresh p. 326, left column, line 1.

182 Mefaresh p. 326, left column, line 2.

183 Mefaresh p. 326, left column, line 3.

184 Mefaresh p. 326, left column, line 11.

185 Mefaresh p. 326, left column, lines 16 and 17.

186 Mefaresh p. 326 begin of parapraph 16.
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187 |n the Vilna edition this figure is lacking, in the Freankel edition it writes ' and our author writes .
188 There is a great discussion among scholars whether the date of the Hidja is Thursday July 15 = 2 Av
4382 or Friday July 16 = 3 Av 4382. The Mefaresh adopts the second solution which corresponds to the
cyclic calendar of the astronomers. The reading of the Freankel edition is incorrect because 3 Av was
Friday. This date was also adopted by R” Abraham bar Hiyya and by R. Isaac Israeli.

189 Mefaresh p. 326, begin of paragraph 17.

1901 don’t see to what it refers.

91 Convexity.

192 Concavity
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WHKH12; 1.

HKH12;2.

% 1dem in Shabtai Fraekel edition.

196 Mefaresh p. 327, right column, line 38.
97 Mefaresh p. 327, right column, line 41.
198 Mefaresh p. 327, right column, line 46.
199 Today we call it the sidereal time.
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20 Apparently the signs of Cancer (90°) corresponding to the summer solstice and Capricornus (270°)
corresponding to the winter solstice.

201 Mefaresh p. 328, left column, line 9 and not as in the Warsaw edition and the Shabtay Frankel edition
e

22\efaresh p. 328, left column, line 10 and not as in the Warsaw edition 7x:1. Same correction in the
Frankel edition.

203 Mefaresh p. 328, left column, line 12. The author refers to the pagination of the edition that he used.

204 Mefaresh p. 328, left column, line 26 and not as in the Warsaw and the Shabtay Freakel edition o°p5n.
The quota of the solar anomaly [ is given by tg B = ep *sin o/ (1 + eg cos a). B is extremum when

Cos a + ep= 0. According to Al-Battani, whom Maimonides follows, = 0.0347, thus P is extremum when
A =91.99° and 268.01°. The longitude of the apogee was at Maimonides epoch 86° 45” 08”’. The values of
a when f is extremum are thus 178° 44’ 27°” or about 29° in Virgo (versus 3° in Libra) and 354° 45 49’
or about 25° in Pisces (versus 29° in Pisces of Mefaresh). The maximum value of B, the quota of the sun’s
anomaly, is 1.98856° or 1° 59° 19°°. The value 2° 30’ is incomprehensible; the extremum of B according to
Ptolemy is 2.3876° = 2° 23’ 15” but the apogee of Ptolemy is 65° 30 corresponding to o = 157° 53” 15’
or about 8° in Virgo. Anyhow the reference to Ptolemy seems completely anachronistic. The value of
Delmedigo of 2° 30”’ is thus much better and is the result of a calculation imprecision. We must not forget
that even Delmedigo was not yet aware of the differential calculus and they proceded by trial and error for
finfing their extrema.

205 And not as in the Warsaw edition and the Shabtay Frankel edition nmyun n">.

206 And not as in the Warsaw edition and the Shabtay Frankel edition >7x.

27 in the Warsaw edition and the Shabtay Frankel edition ar7.

208 Mefaresh, p. 328, left column, 2™ broad line.

29\ lefaresh, p. 328, left column, 6" broad line. In the printed editions 13°°, which seems correct.

219 |n the Vilna edition, incorrectly 26° instead of 86°.

21 |n the Vilna edition, incorrectly 28°”. Thus a = 329° 34° 587> and p= — 0.98° = 0°; 58’ and L = 57° 18’
13>

212 Mefaresh, p. 328, left column, 8" broad line.in the Warsaw edition and the Shabtay Frankel edition "1
0°pon . Delmedigo is right: the formulas are: tg o =tg A * cos g, sin = sin € * sin A, sin A = tg ¢* tg  and
Matala = a — A = arc of the equator rising together with the arc .. We find o = 55.01° and A= 11.87° and
Matala = 43.14° = 43°; 08’ very near to Delmedigo’s value 43°; 05°. A= 11.87° represents 11.87 / 15 =
0.79 hour, it is the difference between the true time of setting and 6 p.m. and between the true time of rising
and 6 a.m. Thus sunrise at 5h 13m a.m. and sunset at 6h 47m p.m.

213 Amiti = 5h 13m a.m. and Emtsai = 6 a.m. The reasoning of the Mefaresh is subtle. Mean longitude of
the sun. = 56° 20” 13"’ and true longitude = 57° 18 13*’. Matala = 43° 08’ and A = 11.87° = 53m. During
these 53m ,between 6 p.m. and 6h 53m p.m the mean longitude of the sun increases by (59’ 8°*)* 53/1440
=2’ 11"’ and the mean longitude of the moon increases by (13° 10* 35.03”*) * 53/1440 = 0.48°=29°6"’

52



216.n 215, 214,

SRR T NI XA (2172 2"%) 1M1 2™ v RUYORDA P2 M0 A" A R SN0 R
0"2 X" 79U1 2" IRW? "2 WawT 21701 119 XYY A 2" "D RIT 7247 137 YA N0 AR Ywn o
"D RIM 7T an ¥ 2800 (B 0™ )’ K’ 1" )im ik wn 2 s wawa opn an
HaR op7 -1 1w o7 Z2anawny 220 00phn s mhyn n'w v avorun AR 12 20GM) o' At
DPARA WK K17 1D VIART NOOIN 172 W M9maw ¥ 2220007 ownm mbyn 1w R PNawn

N2 71377 1°727 DY P12 3w 09 191 1127w IARM™Y 1™ 790 WX DR 7791 9P R 300 TR 9o
N2 W DIPn YRRLAY MW SVRART 1w

X2 77 727 A"

26b 1511

7I0Y VYA NV R DPYT 2-1 P YW WAYT IYIIN SIIW B D27 RIW 97 ,wnwa 12 wIinn

IR MO AT 7 ARW N2 PARWA IR W LAYY 0T IR 0T 1477 °PW 70 IN90IT IR 100
223 95 TR WI7°92 D 1A 30AaR 99177 2177 90 N2 YW XN nn

N"y q"’
DY 9P 13- MY '7 M3 YXART 11 P0M N3 WA YEAR T XY 224w o mn man
15— 10° 22’ = 4° 38’. Aries 15°°°.0opbn i"™ 071 15w mma

during this span of time. However the mefaresh considers that the span of time to consider is Mean
longitude — matala = A, — (0. — A) = (A, — o) + A=A — E0T. This seems difficult to understand, the
difference to consider should normally be Maghreb — mean longitude = a + A —Am = A + EoT with
EoT or E is the equation of time.

2% Mefaresh, p. 328, left column, 10" broad line, 100 days after the epoch.

215 1 dem Freankel edition.

218 | dem Freakel edition.

17 I the Freankel edition 202° 29’ 18”". In the manuscript the "> is erroneous.

218 | ast example in detail: 300 days after the epoch. The epoch was 7°; 03’ 32°, the displacement in 300
days is 295°; 41° 39”’, the apogee is 86°; 45” 53”’, the mean longitude of the sun is 302°; 45’ 11”’; a =
305.0488° and 6 = — 19.5939. A= —11.8597° and Matala=a — A= 316.9085° =316°; 54°. Mean
longitude — Matala = 302°; 45” 11”° — 316°; 54° 31>’ = — 15°;50” 40”’.Sunset is before 6 p.m. modern mean
time or the span of time is less than 300 mean days by 63 m.

219.86°; 45° 53" is the correct value after 300 days. The correct value is in brackets in the manuscript.

220 Corresponds to the Vilna edition. In the Fraenkel edition 316° 50°.

221 T don’t see whose opinion he mentions.

221 found 316°; 54°.

228 This is the first reference to R. Levi ibn Haviv. Ralbah begins his remarks by the interesting information
that he did not learn astronomy from a master but only by reading during his spared time. Note that
Demedigo did not yet react to the objections made by Ralbah. Those objections are: first Ralbah seems
(with good reasons) not to understand clearly the relation (mean longitude — matala) ;— (mean longitude —
matala), and its connection to our problem of evaluation of the distance of true sunset to the epochand
second he objects that the mefaresh does not take into consideration the situation at the epoch. Note that in
this discussion between mefaresh and Ralbah it is completely forgotten that Maimonides neglected the
difference between span of time expressed in true time and mean time and he even neglected the fact that
the epoch is not exactly at the equinox.

224 Mefaresh p. 329, right column, line 4.

%2 When A = 15°, then a. = 13.81° and & = 5.92°. For ¢ = 30° A = 3.43°corresponding to 13m 43s.
Matala=a— A=10.37° and A — Matala =4.62° =4°; 37’. In this calculation we neglect the quota of the
anomaly of the sun and consider that true sun coincides with mean sun. In order to make thinks more
comprehensible, let us develop this example. From the value of A we deduce that sunrise was at Sh 46m
17s true time and sunset was at 6h 13m 43s. E = o — Am = — 1.19° = — 4m 45s. Therefore, sunrise was also
at 5h 41m 32s modern mean time and sunset was at 6h 8m 58s modern mean time. The difference Am —
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Aries 30°: 30°— 21° 9 =8°51°
Taurus 15° : 45° —32°45° =12° 15’

Taurus 30° : 60° — 45° 32’ = 14° 28’ 8°53° -7°30° =1°20’
Gemini 15° : 75° — 59° 47> = 15° 13’ 12°31°-7°30°=5° 1
Cancer 0°; 90° — 75° 28’ = 14° 32°%%7 14°31°-7°30°=7° 1

Cancer 15°: 105° —92° 20’ = 12° 40’
Leo 0°: 120° — 109° 56° = 10° 04’

1" 212
Taurus 30°: 60° —42° 18°=17° 42’
Gemini 15° 75° — 56° 04> = 18° 56°%%®
Gemini 30° : 90° — 71° 35> = 18° 25°%%
Cancer 15° : 105° — 88° 38’ =16° 22’
Cancer 30° :120° — 106° 42> =13° 1§’

matala is the difference between the arc of the ecliptic yYSm between the point y and the ecliptic mean sun
and the matala, the arc YE of the equator which rises together with the sun. It is worth Am — (o — A) =

A — E. It represents in modern astronomy the distance between true sunrise and 6 a.m.mean time; if A>0
sunrise is before 6 a.m. and if E is >0 the advance of sunrise before 6 a.m. diminishes. In our case sunrise is
at 5h 41m 32s in advance of 18m 28s with regard of 6 a.m. Am — matala = 4° 37’ = 18m 28s.

226 Mefaresh p. 329, right column, line 9.

221 Then 0=90° and 0=23.5° A=14.54°=14°; 32’ and A, — matala = A because o = A. It corresponds to about
58m. With a latitude of 32° we get A= 15.77° corresponding to 63m. During this span of time Amean
increases by 2.58’ for the sun and by 34.59’ for the moon and the elongation increases by 32°= 0.5°.

228 ) =75°, then a=73.71° and & = 22.65°; A = 17.65° corresponding to a difference of 70m 35s. Matala=
oa—A=56.06°and A — matala=18.94°=18°56".

2290 =90°, then a = 90° and & = 23.5%; A = 18.42° corresponding to a (maximum) difference of 73m 39s.
Matala = 90° - 18.42° = 71.58° and A — matala = 18.42° = 18°; 25’
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Taurus 15° : 45° — 30° 21’ =14° 49’

A
Taurus 15° : 45° — 32° 45° = 12° 15°%%°
27b v
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1 15 1 15 31 8 45
2 30 2 30 32 0
3 45 3 1 45 33 15
4 60 4 0 34 30
5 75 5 15 35 9 45
6 90 6 30 36 0
7 105 7 2 45 37 15
8 120 8 0 38 30
9 135 9 15 39 10 45
10 150 10 0 40 0
11 165 11 3 15 41 15
12 180 12 30 42 30
13 195 13 45 43 11 45
14 210 14 0 44 0
15 225 15 4 15 45 15
16 240 16 30 46 30
17 255 17 45 47 12 45
18 270 18 0 48 0
19 285 19 5 15 49 15
20 300 20 30 50 30
21 315 21 45 51 13 45
22 330 22 0 52 0
23 345 23 6 15 53 15
24 360 24 30 54 30

25 45 55 14 45

26 0 56 0

27 7 15 57 15

28 30 58 30

29 45 59 15 45

30 0 60 0
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20 Already calculated above.
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8! Delmedigo comes back in detail to the examples developed above by the Mefaresh.

#%2 Thus matala is here 43°; 10” instead of 43°; 05°. T found 43°; 08’

%3 Delmedigo proves that there is an internal contradiction in Mefaresh and that his oblique rising must be
43°; 05’ instead of 43°; 50°. The difference mean longitude — matala = 13°; 15 03’ of Mefaresh. It
corresponds to 53m.

56



56 20 13
43 50

12 30 13

TV AT IO SYRARA 9V 5°0IN DR WK DY MR 1T 0w i 1w avwn 24w an
[w]'0) Y2 [ywa 1 (2 Y3 LA ") anim -1 3= 19K 119°01n T 2 annn nypw
NMN90I POV AW MWHT RPN "-w NYTY 120w 77 TNanow MY 0T DY Mk IR 7°onR xw
TNV WHaWwT YEINN 2°P7 A"1-7 1R LYW PR 0 0" 2opT A" (12" M7 IR1an Dom avw R
AP0 X 1o%A 27 2777 207772 150 avwar 'o v A INYNNY 07 3w 0%pT "2 1
YPWI o7 WA yeak 56 20 13 2ipn pITPT2 110 REOY ARIN IWRD WA YXRR DY 7 INyun
770 02 297 101 PO A 2 10 TYPWH DYWA wnwn

P77 AV Pwa wnwn vInk 56 22 23
28b 1910

X177 [2]1°2 7297w 991 AW OpT A1 HW T 112 ToNw 1 SYRART 7090 DY 901 1702 wvl 1o
01w "0-1 0" YW HWw opT A" IMIRA Ny [7]°00 2P0 2"9-n 0 aywa wra7 [nhbvn A-n ne
S0 DYOPW NYwA [1]@pn 77 XY 000 YAR Y 92010 IR 19K 2170p2

WAWT YERA YWY [N19vn 18- 7210 AmpYi e 21902 13" SRR wawa 2pn 1w dwn

WA YIAN 105° 37° R
231 oy 94° 31° P57 2™-5 AT AT 2P 2™ R
288 nnmo 11° 6 RN 7YY 5w 4/5 R0 9" M9

SYXNART 109271 DY 1197010 713297 70 7D 191 OVEART 79777 9V 970107 AT 12 Ana 790 and
JTAMT NYOPW DYWA PITRT CVIART ARIPn 7 701 R

2y 770 35w 0991 205° 44”7 ™ 2mn2 1nHY R 7" naRm A" K™ 71 wawn v ) Hwn
wnawn venk 204° 11° A" 'R OVINRT
239 10 33 AT I A WA VYRR 1 71 DD TR

2% Mefaresh and Delmedigo calculate mean longitude of the sun — Matala= Ay — (0 — A) = An— ) + A=A
— EoT = according to our modern understanding. This formula is adapted for sunrise but for sunset because
the equation of time should have the opposite sign in the evening. This perverts all the calculation.
However we must observe that (mean longitude — matala), was neglected. Indeed Ay, = 7°; 03’ 32°°, A= 9°;
00° 17, o= 8.2687°, &= 3.5782°, A= 2.0690°, matala = oo — A = 6.1997° and A, — matala = 0°; 51* 33*” and
corresponds to 3.44 m, it was considered as negligible. Again this approximation is valid on the day of the
epoch in the morning because sunrise is very near to 6 a.m. modern mean time but at sunset the effect of A
and of E are cumulated and sunset is 8m 16s + 4m 50s = 6h 13m 06s modern mean time.

% This is very clearly enunciated. The true days are longer and therefore we must add this difference to get
the length of 50 natural days in mean days.

% The mean movement of the sun is 59° 8’ in a day or 147.83°’=2.46’ per hour. The mean movement of
the moon is 13°; 10’ 35”” in a day or 1976.46°> = 32.94’ per hour. The value of Delmedigo 2’ 2>° 20" =
147.33”’/hour is erroneous and should be 2° 27°° 50°”°.

37 The oblique sunrise matala = o — A.

28 105°; 37" — 94°; 31° = 11°; 06°. It corresponds to 44m 24s.
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9 The difference Am — matala is negative, thus the span of time in true time is shorter than the span of time
in mean time.

0 Mistake in the manuscript.

1 This sentence is unclear and already puzzled Ralbah. Let us consider the fundamental relation (mean
longitude — matala) ;— (mean longitude — matala), = (span 01 in true time +A; — Ag) — (span 01 in mean
time) where 0 is the epoch and 1 is the moment considered. We neglect the term (mean longitude —
matala), Now the difference is negative and (span 01 in true time +A; — Ag) < (span 01 in mean time). We
must subtract 61 m from the span of time of 300 mean days to get the moment of sunset. The sentence 5%
SYXNRTN NV NnRT 7200w is misleading. According to our modern understanding true sunset occurs at 4h
59m p.m. mean time or (300 days — 61m) after the epoch.

2 It is then called Maghreb.
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243 Here Delmedigo reacts to the objections of Ralbah in chapter 12.

244 9 1% X,

%% From the span of time in mean days, after 200 or 300 mean days.

248 |t should be corrected: and we find the true sunset a little before the end of the last mean day.

7 Reinhold, Erasmus (1511 — 1553) German mathematician and astronomer. Professor of Higher
Mathematics at the university of Wittenberg, colleague of Rheticus. Author of a commentar on Purbach’s
Theoricae novae planetarum and of astronomical tables called Prussian tables or Prutenicae Tabulae.

248 |n fact Maimonides and the Mefaresh neglected the problem at the epoch. In fact this difference was
neglected although it was not negligible. At the epoch A= 7°; 0332 and A=9°; 00" 17’; o = 8.2687°
and 0 = 3.5782° (See Ajdler 1966, pp. 94 and 116-117) A =2.2394° and Matala= 6°; 01’ 45°’. Sunset is at
6h 9m p.m. However at a latitude of 30°, as in all the calculations of Mefaresh A= 2.0690°, matala = o — A
=6.1997° and A, — matala = 0°; 51 33”” and corresponds to 3m 26s, it was considered as negligible.

9 Because he considers that the advance of sunrise in the morning is equal to the delay of sunset

in the evening. Therefore if Am is greater than the matala sunrise is before 6 a.m. modern mean time and
sunset is after 6 p.m. in the evening. The natural days are longer than the mean days and therefore

we must add the difference to the number of mean days. It remains incomprehensible why they want to
work with matala. This perverts the results.

50 1n all the examples he used the Matala or oblique rising = o — A instead of the Maghrab = a + A.

! Delmedigo doesn’t apparently see the error of this method because of the erroneous sign of the equation
of time in the calculations.

%2 See above a detailed justification of this because the term A, — matala = 0°; 51° 33°” at the epoch.

3 See above the first example 50 days after the epoch. A = 11.87°, sunset was at 6h 47m 28s.

2% See two notes above. The true position of the sun was 9°; 00’ 17°” and the matala was 6°; 11°. A=
2.2394° and sunset was at 6h 09m p.m.

5 It is an arc of the equator, the difference of the oblique setting after 50 days with regard of that at the
epoch: (o —A); — (0 —A)o.
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%56 The mean movement of the sun during 50 days : Ay — Amo.

BT\ — matala); — (A — matala), .

%58 Mean longitude of the sun as calculated above by Mefaresh.

%9 Oblique rising.

290 Difference : mean longitude — matala at the end of the span of time. We note that 13°; 10° 13" = 52m
41s; 12°; 17° 41> = 49m 10s.Thus a difference 3m 31s to compare with 3m 26s that we calculated for the
difference A, — matala at the epoch.

281 |n the first calculation (according to the astronomers) we subtract the difference of matalas from the
mean movement in longitude during 50 days ; in the second calculation (mefaresh)we subtract the matala
at the end from the mean position of the sun. See appendix, both calculations are erroneous.

%2 He subtracts the difference of matalas from the mean movement in 100 days.

263 The Mefaresh subtracts the matala at the end of 100 days from the sun’s mean longitude after 100 days.
%4 Here he calculates the difference of matalas at the end of 200 days of true sun and of mean sun.
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%5 Difference of the matalas. From this difference he subtracts the mean movement in longitude during 200
days. This is the method of the astronomers, which does not neglect the starting point at the epoch..

%6 gnset is after 200 mean days — 9.5 minutes.

%7gee appendix for an appreciation of the calculation.

2%8 The difference between the two calculations must remain near to 3m 30s as in the first example.

%9 Here Delmedigo invokes another element explaining the difference between the declination table of the
Mefaresh and the astronomers. I don’t know the subject of this great divergence. Anyhow it appears that
the astronomers don’t perform such a calculation. It is rather aDemedigo’s more precise calculation “on the
manner of the astronomers”. But all these calculations are perverted by a principle error: the equation of
time is always taken into account with bad sign. See appendix.
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2% As mentioned above when A — E>0 sunrise is before 6 a.m.mean time and when A+E>0 sunset is after 6
p.m. It is uncorrect to study the situation at sunset with the matala. If we forget the effect of E the statement
of Delmedigo means that when A >0 the arc of the ecliptic Am > Matala in the morning and Am< Magreb in
the evening. As we are dealing with sunset, the true days are now longer than the mean days and the
difference must be added to the mean days when we want to calculate the span of time in mean days.

™ 1t would be so much easier, when we deal with sunset, to consider the Maghrab = o + A = Ts — 90°.

272 see J. Ajdler: Hilkhot Kiddush ha-Hodesh al-pi ha-Rambam 1996, pp. 118-119. The calculation is
practically the same.

" If we consider a mean value of A — matala = 7.5° = 0.5 hour then the mean movement of the moon is
32.94°h *0.5=16.5"~15".
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2 see J. Ajdler: Hilkhot Kiddush ha-Hodesh al-pi ha-Rambam 1996, pp. 118-119. The calculation is the
same.
25 See preceding note.
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27® The arc 72 is 180° of the ecliptic and the arc 71 is 180° of the lunar orbit. Points > and 7 are the nodes,
> is the ascending node. In triangle the angle is right; tang 73 = tang 5° * sin x> . Delmedigo writes the same
formula: sin 3 /tang 73 =1/tang 7.
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2" Considerations about the lunar model and the principle of the double elongation. The end of the last
sentence is unclear;

2® The x is partial and uncertain.

279 perhaps yma.

280 Under brackets in the manuscript.
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81| could not find a reference about this book. This whole quotation is related to the description of the
cinematic model of the lunar movement according to the ancients. See a clearer description in J. Ajdler:
Hilkhot Kiddush ha-Hodesh al-pi ha-Rambam, 1996, pp. 53 — 61.

282 Mefaresh H.K.H 11 ; 16.
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285,

8 Maimonides® epoch was the beginning of Thursday 3 Nissan 4938= Wednesday evening 22 March 1178
or JD 2151403. The epoch of Mefaresh was the beginning of Tuesday 1 Nissan 5101 or Monday evening
19 March 1341 or JD 2210936. The interval was 2210936 — 2151403 = 59533 days. In fact this interval is
also 163 Julian years — 3 days = 163 * 365.25 — 3 = 59535.75 — 3 ~ 59536 — 3 = 59533 days.

8% |n fact between 1180 and 1340 we have 40 intervals of 4 years and 41 extremities. Thus 41 leap years
ans 163 — 41 = 122 normal years. Hence 41 * 366 + 122 * 365 = 59536 days — 3 days (20, 21 and 22
March) = 59533 days.

%85 Mefaresh p. 338 left column 14 line from bottom. The formula of the Mefaresh is
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sing / cos@ = sin (b — A4) /sin B. The first word 2m7 must be suppressed and the word 7213 must be replaced
by a™a. This formula is slightly different than the better formula: (b — A4) = tange * B, / cos awhere o is
the variable angle between the direction of the ecliptic and of the equator. The whole examination of
delmedigo concerns the detail of the calculation.

%86 Arabic word meaning sine. See Gad ben Ami Serfati p. 107 bottom. Of course the sine of the
complement is the cosine.

See: ['3,1"1] T"own 10°1 PYAT A7 Py 'vpa' men

870: 51, 47, 41. Cos 60° = 0.8660 = 0; 51, 57, 41 in sexagesimal notation.

288 25.05° 30 30”*’; in fact Sin 30° = 0.5 thus 0.5 * 4° 11° 7°° = 2.09263888 ° = 2°;05° 33’ 50°>* = 125’
337507,

28 Tang 30° = 0.57735026 thus tang 30° * 4°; 11° 07°” = 2° 24’ 59’

2% gee preceding note.

1 |n sexagesimal notation it is 0.8660231481 ~ cos 30° = 0.86602540.

292125731732

2% Thus sin 34° = 0.5592 ~ 0;33. 07

2% 49.47.32 instead of 49. 44. 32.

2% Sin 34° = 0.55919290 = 33, 33, 06

2% gjn 56° = cos 34° = 0.82903757 = 49.44.32 in sexagesimal notation.

27 Gin 34° * 4° 11° 7°° = 2.34037763° = 2°;20°.257.21°7°. 34> ~ 140° 257 22°°’; slightly different than
the author.

28 Tang 34° *4°; 117 7 = 2.823005° = 2° ; 49> 22> 49"

2% Sin 36° = 0.58778525 = 35, 16,01

%% Sin 54° = 0.80901699 = 48, 32, 28

%L Sin36° *4°; 11’ 7 =2.46004455° = 147" 36 09°>* 37>

%2 Tang 36° * 4°; 11° 77 = 3.040782297 = 3° ; 2° 26°* 497>’

308 Cosg = sing / tange = cosq = 11Tan vp2 = latitude.

%04 Johannes Miiller called Regiomontanus.

%% Non identified. Apparently one of the multiple commentators of Tractacus de Sphaeara of Sacrobosco.
%06 Treatise of the Sphere by Johannes Sacrobosco (John of Holywood, professor at the Sorbonne, died
1256).
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%7 Sjn 20° = 0.34202014 = 20. 31.16

%8 Sin 70° = 0.939692 = 56. 22. 53.36

39 8in20°*4°; 11’ 77 = 1.4314493° = 85° 53°°13°°3>>

310 Tang 20° * 4°;11° 7 = 15233165 = 1°; 31° 237’56’

311 Sin 48°= 0.74314482 = 0;44. 35. 19.

312 Sin 42°= 0.66913060= 0;40.8.52. Thus a mistake in the text which must read :2"1'n '.
33 5in48°*4°; 11’ 77°=3.11026752 = 186’ 36>°57°°47>>>

314 Tan 48° * 4° ; 11° 7°°= 4.64822188 = 4° ; 38 53°° 36>’

315 Mefaresh p. 339, right column, halakha 17, 2™ line.
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322,

316 Mefaresh p. 340, left column, 22 lines from bottom.

3171 don’t see to what he relates as he is between siman 6 and siman 10 of chapter 18 in Maimonides’ text.
318 Mefaresh, p. 342, left column, line 8.

319 Mefaresh , p. 342, left column, line 27.

¥%perhaps 87 X1 93 Mefaresh p. 342, left column, line 42.

%21 Mefaresh, p. 343, right column, beginning of halakha 16.

%22 Mefaresh, p. 343, left column, beginning of halakha 9.

%23 Mefaresh, p. 343, left column, beginning of halakha 10.

%24 Mefaresh, p. 344, right column,end of linel.
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%25 Mefaresh, p. 344, right column, line 4.

326 Mefaresh, p. 344, right column, line 9.

%27 Mefaresh, p. 344, right column, line 15.

%28 Mefaresh, p. 344, right column, line11 from bottom.

%29 Mefaresh, p. 344, right column, line 8 from bottom.

%30 Mefaresh, p. 344, left column, line 1.

%31 Mefaresh, p. 344, left column, line 4. 2° 26 in Vilna edition and 2° 56 in Freakel edition

%32 Mefaresh, p. 344, left column, line 19.

%33 Mefaresh, left column, line 23.

%4 Mefaresh p. 337, right column, line 14. It relates to line 5 before the bottom of this paragraph.

% In the printed editions, Freakel included, v"o.

% Delmedigo comes back to Mefaresh on p. 338, left column, 14 lines from bottom.

zz; Sin @ / cos @ = tang ¢ = sin (b — A4) /sin B. This formula was already examined in detail above pp. 44-46.
Sine.

%9 The half of the rope of the arc.

0 Apparently the Mefaresh worked with the complement of the arcs.
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1 Sin (b — A4) = tang ¢ * sin B = tang 30 * sin 4° = 2° 18’ 29”". Delmedigo writes 2° 19”.
¥23/6=4/8hence3*8=6*4.

3 Sine

¥4 5in 30° = 0.5 = 0; 30 in sexagesimal notation.

%% Cos 30° = 0.8660 = 0; 51, 57, 41 in sexagesimal notation.

0 Gin4°==0;4,11,7.

7 Second example of the Mefaresh. Tang ¢ * sin B = tang 34° sin 4°= 2.6968° = 2° 41° 49°. Delmedigo
develops the calculations in sexagesimal notation and he finds 2°; 49’ 23,

8 Tang 36°* sin 4° = 0.0568 = arc sin 2.905054° = 2°; 54’ 18’ to compare with 2°; 49° 23’

%9 We find 2.2.90505° =2°; 54’ 18"
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%0 We find 1.45485° = 1°;27° 17

%1 We find 4°; 26°.

%52 Mefaresh H.K.H 17; 17, p 339, right column, 3 lines from bottom. The Mefaresh develops an example
of visibility calculation 6 months or 177 days after his epoch. It was at the beginning of Tuesday 1 Nissan
5101 or Monday evening 19 March 1341 and the visibility calculation was at the beginning of Thursday, 1
Tishri 5102 or on Wednesday evening 12 September 1341.

About the epoch of the Mefaresh: see H.K.H 11, 16; H.K.H 12 at the end: p. 329, right column, 3 lines
from bottom until line 2 of left column; H.K.H 14, 4 p. 331, right column, linesl —4; H.K.H 16, p. 333,
right column, lines 16 — 20.

%3 6 months, 3 full of 30 days and 3 defective of 29 days give 177 days.

%4 Mefaresh p. 329, left column, 2™ line.

%55 Mefaresh p. 340, left column, 1% line.
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%8 |n our printed editions it writes 152°; 30° 11°".
%7 Mefaresh on H.K.H 17 ; 17, p. 340, left column, line 5.
%8 |n the Vilna edition 13° ; 52° 13’ but in the Freankel edition 13° ; 52> 11°".
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%9 Calculation of the epoch and radices of Demedigo. The epoch of Delmedigo was at the beginning of the
evening of Thursday 1 Nissan 5394 or Wednesday 29 March 1634=JD 2317964. The interval with regard
to the epoch of Maimonides was 2317964 — 2151403 = 166561 days.
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Appendix: The Equation of Time.

Because of the importance that the Mefaresh and Delmedigo give to the notion of natural
days, true days and mean days in chapter 12 of H.K.H | propose the following appendix
in order to clarify the subject.

I. The Equation of Time

Today, we are accustomed to the uniform time of our watches (mean time), and it
is difficult to understand the concept of true time. In ancient times, it was just the
opposite, as people were so accustomed to the true time (or apparent time), which is the
time indicated by a sundial, that it was difficult to understand and to use the mean time.
Until the end of the eighteenth century, the official time was the true time. It was only
then that England and the Republic of Geneva officially put mean time into use, and only
in the beginning of the nineteenth century the mean time of Paris became the legal time in
France. This change was necessitated by the increasing use of watches of ever better
precision, but the change was not easy to implement. Indeed, in the eighteenth century,
true time regulated civil life and it was common to transform the results of astronomical
calculations into true time.

%0 pid Delmedigo call himself on this way or is it an adaptatation of the copier ?
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To explain the difference between mean time and true time, we define a day’s
length as the time between two consecutive upper or lower passages of the sun*®* at the
meridian. An important achievement of Greek astronomy was the discovery of the
variation of the length of days. Today, the length of a day is 24 hours on February 11, on
May 15, on July 27, and on November 4; but it exceeds 24 hours by 13 seconds on June
20, by 29.9 seconds on December 23, and it is less than 24 hours by 18.4 seconds on
March 28 and by 21.4 seconds on September 17. These differences seem negligible, but
in the course of the year, these insignificant differences accumulate and become
significant.

For example, if we consider the time span of 100 days beginning on November 4
(when the true longitude of the sun is about 320°) and ending on February 11 (when the
true longitude of the sun is about 210°), the total time exceeds the length of 100 mean
days by 30 min 41sec®? and therefore represents 2400h 30m 41s in total. The inverse is
also possible. If we consider the time span of 265 days beginning on February 12 and
ending on November 3, it is 265 mean days minus 30m 41s and therefore represents
6359h 29m 19s in total. These two examples represent the extreme cases. Ptolemy had
already observed that this maximum difference between true days and mean days of 30m
41s is only important for determining the moon’s longitude. During this time span of 30m
41s, there is a variation of 18°=0.3° of the moon’s longitude. The effect on the sun’s
longitude is only 1’=0.017° and is therefore insignificant. Therefore, ancient astronomers
accounted for this phenomenon only for the calculation of the moon’s coordinates.

Il. The Equation of Time in Modern Astronomy

The modern definitions of the mean time and of the equation of time are based on
the Astronomical Dissertation “De Inaequalitate Dierum Solarium”, published in 1672 in
London by Flamsteed. Astronomers quickly accepted his conclusions, and the rest of
society did so only much later, after more than a century. Flamsteed calls the difference
between mean time and true time “time prosthaphaeresis” or “equation of time,” in which
the words “prosthaphaeresis” and “equation” mean ‘“correction”. Before Flamsteed,
astronomers used the expression “Aequatio dierum” (translated as “the equation of the
days”), signifying the correction between the span of true and mean days.

To define the concept of mean time, consider two fictitious mobiles (suns):

1. The ecliptic mean sun or the mean position of the sun. It is the same mean sun as the
one from the Almagest, Al-Battani, and Maimonides. Today, it is called the fictitious sun.
It moves on the ecliptic at the mean solar velocity of 360° per tropical year, and it
coincides with the true sun at the perigee (currently January 3) and at the apogee
(currently July 4). Its mean longitude increases by 0°; 59° 8.33”” per day.

%1 Ancient astronomers used two consecutive upper passages, and the day began at noon.

%2 The main differences between Ptolemy and Al-Battani come from the differences of the characteristics
of the sun’s path: eccentricity and the sun’s apogee. The maximum difference is 33m 20s for Ptolemy,
while for Al-Battani it is 31m 12s; in modern astronomy, it is 30m 41s. The daily motion of the moon is
13°:10° 357, 03534. The motion during 33m is then 13, 1763987056*(33/60)*(1/24) =0:30°=0°:18".
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2. The equatorial mean sun (also called the mean sun today), which moves uniformly on
the equator at the same mean angular velocity as the ecliptic mean sun.

Both of these mean suns — the mean ecliptic sun and the equatorial mean sun —
coincide at the equinoctial points, which are the vernal and the autumnal points. At each
moment, the right ascension o, of the equatorial mean sun is equal to the longitude A, of
the ecliptic mean sun: am =Am. Only four times a year, both the ecliptic and the equatorial
mean suns have the same right ascension at the moment of the passage of the ecliptic
mean sun through the equinoxes and through the solstices.

Today, the beginning of the mean solar day is at the inferior passage of the
equatorial mean sun at the meridian (midnight). The mean time T, is the hour angle of
the equatorial mean sun Hp, + 12h. Until 1925, the astronomical day began at noon (in the
middle of the civil day, at the upper passage at the meridian) and the astronomical mean
time t, was then the hour angle of the equatorial mean sun Hy, expressed in hours.
Therefore, the equation of time is the difference E= Ty, — T = ty, — t, where t, is the mean
time, t is the true time, Ty=ty, + 12h and T=t + 12h.

We know that the sidereal time T (the hour angle of the vernal point) has the
following property: Ts= o+t = am+ ty. Therefore: E=ty —t =a — am. « is the right
ascension of the sun (x-coordinate measured on the equator from the vernal point), and
om IS the right ascension of the equatorial mean sun.

Smart (1931) defines the equation of time as Es; =t — t, = —E, and his definition is
now the standard one used in English papers. However E seems more convenient for the
treatement in ancient astronomy.

Therefore, we have the equation: ~-Es=E=tn—-t=a—-on =a—An=C +p,
where:

C = A —Am. C is the equation of the center (or in ancient
astronomy, the quota of the anomaly), which is the
difference between the true sun and the ecliptic mean sun. A
is the true longitude of the sun and A, is the longitude of
the mean sun (or the mean longitude of the sun). C
accounts for the sun not moving uniformly on the ecliptic.

p = o — A. p is the reduction to the equator. It accounts for
the sun moving on the ecliptic, while time is measured
along the equator, so that even if the sun moved uniformly
on the ecliptic, true time would not be uniform. L is the true
longitude and | is the mean longitude.
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Ultimately, —Es = E = o — Ap = (o —A) + (A-Am) = p + C. In modern astronomy, E
is calculated as a function of An,, the mean longitude of the sun. By contrast, ancient
astronomers calculated E as a function of A in a common table with the calculation of the
right ascension.

On February 11, Es =—14m 25s. At true noon, it is 12h 14m 25s.
On May 15, Es= 3m47s. At true noon, it is 11h 56m 13s.
On July 27, Es= —6m 20s. At true noon, it is 12h 06m 20s.
On November 4, Es= 16m 22s. At true noon, it is 11h 44m 38s.

I11. The Equation of Time in Ancient Astronomy

Modern people no longer know “true time” in their practical lives. They only use
their watches, and they have little direct contact with nature. They do not know the time
of daily sunrise and sunset, and they certainly do not know the time of daily moonrise
and moonset. By contrast, ancient people knew only the local true time and they did not
have the notion of uniform, or mean, time, unless they used astronomical tables.

The Greeks had already recognized the two causes for the non-uniformity of true
time:

1. In the ecliptic, the movement of the sun is non-uniform.
2. Even if the sun moved uniformly in the ecliptic, the true time would not be uniform
because equal arcs in the ecliptic do not correspond to equal arcs in the equator.®

Modern astronomy makes it possible to know the mean time and the corresponding
true time at any moment. Therefore, it is possible to convert the true time as read on a
sundial to the mean time one would read on a watch. Ancient astronomers did not have
this problem because they did not use the concept of mean time.

Ancient astronomers, however, faced another problem. At a certain moment of the
day, they wanted to calculate the moon’s coordinates. Generally, this moment was
calculated in the units of temporary hours. They performed a first operation, which is
beyond the scope of this paper, to transform the time expressed in temporary hours into a
time expressed in equal, or equinoctial, hours.

After this first operation, they would have a certain moment of day and would want to
find the corresponding moment in the astronomical tables of the Almagest. As we already
know, the length of a true day is never different from the length of a mean day by more
than 30s, so we can neglect the fraction of day and think in whole days. The problem is

%3 Therefore, even if the movement of the sun in the ecliptic was uniform (i.e. that the diurnal increase of
the longitude AA was always equal) the length of the true solar day would not be uniform. Indeed, near to
the equinoxes the arc AL, projected on the equator gives an increase of right ascension Aa smaller than AX.
In contrast, near to the solstices, Aa is greater than AL. Now, as the length of the days depends on the
length of the arcs Aa of the equator, it appears that length of the true days would not be uniform even if the
movement of the sun was uniform on the ecliptic.
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then the following: we have a certain time span expressed in true days that we want to
express in mean days. The radices (fundamental parameters at the epoch) are listed at the
head of Ptolemy’s tables, which give the variation of these parameters for different time
spans. In other words, the beginning of all of the considered time spans is always the
epoch. Nevertheless, Ptolemy explains the problem generally speaking without taking
into account the fact that the beginning of the time span is usually the epoch.

As a first step, we calculate the true and the mean position of the sun at both
extremities of the considered time span, ignoring the difference between the true and
mean times.*®* Then, we calculate the right ascension of the arc of ecliptic included
between the two true positions of the sun (the projection of the arc of ecliptic on the
equator, from the Northern Pole). This arc of the equator measures the interval of time
expressed in true time; its length is a — ap depends on the effect of the equation of the
center and the reduction at the equator at each of its extremities. We then calculate the
length of the arc of ecliptic included between the two mean positions of the sun. This arc
measures the interval of time expressed in mean time; its length is Am - Amo. It is strictly
proportional to mean time elapsed.

The difference between the arc of right ascension and the arc of the ecliptic is then
AE = (o — ag) — ( Am — Amo) is called the equation of the days and it corresponds to the
difference between the time span expressed in mean time and the time span expressed in
true time.

If this difference is positive (E>0) and thus the arc of the equator is greater than the
arc of the ecliptic, it means that the time elapsed between the passages at the upper
meridian of the two true positions of the sun is longer than the span of time elapsed
between the two mean positions of the mean sun on the ecliptic.**®In other words the true
days appear to be longer than the mean days.Therefore If we want to express the span of
time between the two passages at the upper meridian of the true sun, we must add to the
the number of mean days corresponding to the shorter arc of the ecliptic a correction
which is precisely the difference between the two arcs.

Hence the relation Tm=T + AE=T + (a0 — dg) — (Am — Amo)

According to the concepts of modern astronomy we can write:

Th=T+AE=T+ (a—ao)—(Xm—Xmo) = ((X—Xm)—(ao—l,mo) =E-Eg

If this difference is negative (AE<0) and thus the arc of the equator is less than the arc
of the ecliptic, it means that the time elapsed between the passages at the upper meridian
of the two true positions of the sun is shorter than the span of time elapsed between the
two mean positions of the mean sun on the ecliptic.**®In other words the true days appear
to be shorter than the mean days.Therefore If we want to express the span of time
between the two passages at the upper meridian of the true sun, we must subtract from

%4 This calculation is made with the time span expressed in true time, as if it was mean time. The error, due
to this approximation, on the position of the sun is negligible.

%> This time is calculated by dividing the length of the arc of the ecliptic by the mean movement of the sun
i.e.0; 59’ 08.33” per day.

%8 This time is calculated by dividing the length of the arc of the ecliptic by the mean movement of the sun
i.e. 0; 59’ 08.33”” per day.
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the the number of mean days corresponding to the shorter arc of the ecliptic a correction
which is precisely the difference between the two arcs.
Hence the relation T, =T + AE =T + (a0 — 0p) — (Am — Amo) Where AE<0

According to the concepts of modern astronomy we can write:

Tmn=T+AE=T+ (a— ag) — (An—2Amo) = (@ —Am) — (0o — Amo) = E —Eq,
The relation is thus true in all cases. But the meaning of this relation must be correctly
understood. We are speaking about one span of time and the relation means that this span
of time expressed in mean days is the same as the span of time expressed in true days to
which we add algebraically AE = (o — 09) — (Am— Amo) or AE = (o0 — Am) — (0o — Amo)-
This explains why we must increase the nuber of mean days if the true days are longer
and diminish the number of mean days if the true days are shorter.

The letters with subscript O correspond to the beginning of the time span and those
without subscripts correspond to the end of the time span. These formulas demonstrate
the procedure of Ptolemy and show that we can easily obtain the result of Ptolemy’s
calculation by calculating the modern equation of time at the extremities of the time span
and their difference is AE.

IV. Modern appreciation of the problem of the ancients.

If S is a position of the sun on the ecliptic, Sy the mean position of the ecliptic sun, K the
point of the equator with the same right ascension as S and and M the point of the equator
having a righr ascension oy = Ay, the longitude of the ecliptic mean sun. The point M is
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the equatorial mean sun. Its introduction must be ascribed to Flamsteed. The hour angle
of point M is the modern mean time. The equation of time is

E=Tm-T =a—- Au= o —Ayv. Mean time = true time + E

On our drawing: a — o <0 and Mean Time < True time. If true time = 12h mean time

will be less than 12h, for example 11h 45m. On the figure we see that when K is on the
superior meridian, at 12h true time, M has not yet crossed the meridian and it is indeed

11h 45m.

If So and S1 are two positions of the sun, SOM and S1M, the corresponding mean
positions, KO and K1 the points with the same right ascention, MO and M1 the
corresponding equatorial mean suns Then the equation of time according to the ancients
is the difference KoK1 — SomSim = (01 — 0lg) — (A1 — Ao) = (011 — ag) — (Ot1m — Olom)

= (01 — a1m) — (00 — atom) = E1 — Eo.

On our figure E1 = (01 — agm) >0 and Eg = (0o — agm) <0 thus E = E; — E; >0

When K, passes at the meridian My is delayed, mean time is less than 12h.

When K1 passes at the meridian My is in advance, mean time is more than 12h.

The true span of time KoK is longer than the mean span of time MgM; = SomSim. This
can be because of the effects of the equation of the center or of the reduction to the
equator. This can also result from the fact that we are dealing with a natural day longer
than a true day (see further). In other part of the year, the the true span of time KyK; can
also be shorter than the mean span of time MoM31 = SpmSim.

Therefore if we want to mesure the interval of time KoK3 in mean time, we must add to
the interval of time SomSim =MoM; the quantity E = E; — Eo.
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V. Mean days and natural days in Mefaresh and Delmedigo.

In chapter 12 of H.K.H. the Mefaresh considers natural days, true days and mean
days.The Natural days begin at true sunset and end at the next sunset. The true days begin
at 6 p.m. true time and end the next day at the same moment. These days are similar to
the generally accepted true days. The mean days begin at 6 p.m. mean time and end the
next day at the same moment. These mean days have exactly the same length as the
generally accepted mean days.

If Ag and A are the sun setlag at the initial moment 0 and at final moment of the span of
time of the number N of the natural days considered, the length of the N natural days is
N true days +A — Ao. The span of time expressed in true days is thus N +A — Aq,

[The same span of time expressed in mean days] is then:

[The span of time expressed in true days N] + A — A

= [the number of Natural days] + E—Eo + A — Ao,

=N+ E—E0+A—A0:N+(d—ao)—(xm—xmo)"_A—Ao

=N+ (00— Am) — (00 — Amo) T A—Ag=N + [ — A TA] — [0 — Am +A]o

=N + [~ Am + Maghreb] — [~ Ay +Maghreb]o. With Maghreb = a + A.

V1. Examples.
The four examples considered here are the four examples of Mefaresh in his commentary
at the beginning of chapter 12. They are deeply examined by Delmedigo.

First example: 50 natural days after the epoch.

Modern astronomy.

At the intial moment O or the epoch:

a =8.2687°, L =57.3036°, Amg = 7.0589°, 6 = 19.6069° and Ao = 2.0690°. Sunset is at 6h
08m 16s true time.

Eo= 0o — Amg=1.2098° = 4m 50s.

Tm =T + E Thus mean time at sunset is 6h 13m 6s mean time.

At the final moment after 50 days:

a=155.0098°, A =9.0047°, Am = 56.1205°, 6 =3.5782° and A = 11.8684°.

Sunset is at 6h 47m 28s true time.

E=0o — Am=3.5346° = — 4m 26s.

Tm =T + E Thus mean time at sunset is 6h 43m 2s mean time.

The span of time considered of 50 natural days is also 50 true days + 39m 12s and it is
finally 50 mean days + 29m 56s.

Ancient astronomy.
[The same span of time expressed in mean days] =N + [a. — Ay +A] — [0 — A +A]o

[0 — Am +A] = 10.7577°
[0 — Am +A]o= 3.2788°
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[0 —Am +A] — [0t — Am +A]o= 7.4789° = 29m 55s.
[The same span of time expressed in mean days] = 50 mean days + 29m 55s.

Second example: 100 natural days after the epoch.

Modern astronomy.

At the intial moment O or the epoch:

ap = 8.2687°, A =105°, hmg = 7.0589°, 6 = 22.6538° and Ag = 2.0690°. Sunset is at 6h
08m 16s true time.

Eo=ap — Amg=1.2098° = 4m 50s.

Tm =T + E Thus mean time at sunset is 6h 13m 6s mean time.

At the final moment after 100 days:

a=106.2875°, Am = 105.6239° and A = 13.9434°. Sunset is at 6h 55m 46s true time.
E=a — Am=0.6636° = 2m 39s.

Tm =T + E Thus mean time at sunset is 6h 43m 2s mean time.

The span of time considered of 100 natural days is also 100 true days + 47m 30s and it is
finally 100 mean days + 45m 19s.

Ancient astronomy.

[The same span of time expressed in mean days] =N + [a. — Ap +A] — [ — A +A]o
[ — Am +A] = 14.6070°

[ — Am +A]o= 3.2788°

[0 —Am tA] — [0 — Am +A]o= 11.3282° = 45m 18s.

[The same span of time expressed in mean days] = 100 mean days + 45m 18s.

Third Example: 200 natural days after the epoch.

Modern astronomy.

At the intial moment 0 or the epoch:

ap = 8.2687°, Amg = 7.0589° and Ay = 2.0690°. Sunset is at 6h 08m 16s true time.

Eo= 0o — Amg=1.2098° = 4m 50s.

Tm =T + E Thus mean time at sunset is 6h 13m 6s mean time.

At the final moment after 100 days:

a = 200.6589°, A =202.3500°, Am = 204.1833°, 6 = —8.7214° and A =-5.0812°. Sunset is
at 5h 39m 41s true time.

E=0o — Am=-3.5244 ° = -14m 06s.

Tm =T + E Thus mean time at sunset is 5h 25m 35s mean time.

The span of time considered of 200 natural days is also 200 true days — 28m 35s and it is
finally 200 mean days — 47m 31s.

Ancient astronomy.
[The same span of time expressed in mean days] =N + [a. — Am +A] — [0 — A +A]o

[0 — dm +A] = — 8.6056°
[0 — dn +A]o= 3.2788°
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[0 — A +A] — [0 — Am +A]o= —11.8844 © = — 47m 32s.
[The same span of time expressed in mean days] = 200 mean days —47m 32s.

Fourth example: 300 natural days after Maimonides’ epoch.

Modern astronomy.

At the intial moment 0 or the epoch:

ap = 8.2687°, Amg = 7.0589° and Ay = 2.0690°. Sunset is at 6h 08m 16s true time.
Eo=ap — Amg=1.2098° = 4m 50s.

Tm =T + E Thus mean time at sunset is 6h 13m 6s.

At the final moment after 300 days:

a=306.2877°, A+ 303.5715°, Am = 302.7531°, 6 =-19.3147° and A = —-11.8597°.
Sunset is at 5h 12m 33s true time.

E=0o — Am=3.5346° = 14m 08s.

Tm =T + E Thus mean time at sunset is 5h 26m 41s.

The span of time considered of 300 natural days is also 300 true days — 54m 58s and it is
finally 300 mean days — 46m 25s.

Ancient astronomy.

[The same span of time expressed in mean days] =N + [a — Ay +A] — [0 — Am TA]o
[0 —Am +A] =—8.3251°

[0 —Am tA]o= 3.2788°

[0 — Am +A] = [0 — A +AJo= — 11.6039° = 46m 25s.

[The same span of time expressed in mean days] = 300 mean days — 46.25s.

VII. Treatement of the problem by Mefaresh and Demedigo.

The mefaresh considers the quantity Am — matala where matala = a — A represents the
arc of the equator yE which rises together with the sun. The quantity Am — matala
represents the difference between the arc of the ecliptic ySm between y and the ecliptic
mean sun and the arc yK of the equator, the Matala. In fact Aim — matala = Am — (0. — A) =
A — (o —A) = A — E. According to our modern understanding A is the span of time
between sunrise and 6 a.m. true time and A — E is the span of time between sunrise and 6
a.m. mean time. When A>0 sunrise is before 6 a.m. true time and if A — E>0 sunrise is
before 6 a.m. mean time. If we consider natural days counted from sunrise until the next
sunrise, it is clear that the length of the natural days diminishes toward summer as the sun
rises each day earlier. If we consider a span of time of N natural days, its length measured
in mean time will be N mean days — [Am — (a — A)] + [Am — (oo — A)]Jo or N mean days —
(Am — matala) + (Am — matala)o.

We can also consider the quantity Maghreb — Am = a + A — Am = E + A. Maghreb is the

arc of the equator YW which sets together with the sun. According to our modern
understanding A is the span of time between 6 p.m. true time and sunset, and A + E is the
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span of time between 6 p.m. mean time and sunset. If we consider natural days counted
from sunset until the next sunset, it is clear that the length of the natural days increases
toward summer as the sun sets each day later. If we consider a span of time of N natural
days, its length measured in mean time will be N mean days + (E+ A) — (E+ A)g = N
mean days + (Maghreb — Am) — (Maghreb — Am)j.

It seems that Mefaresh considered that the first formula can be used even for natural days
counted from sunset to next sunset only by changing the sign of the correction. If we
consider a span of time of N natural days, its length measured in mean time will be

N mean days + (Am — matala) — (Am — matala),. But this is not true because the equation
of time does not react in the formula with mata, adapted for the mornings, in the same
way as in the formula with Maghreb, adapted for the evenings.

First example:
Delmedigo gives 12° 17° 41°° = 49m 10s according to the astronomers.
13°10° 13”> = 52m 41s according to the Mefaresh.
We found 29m 55s and E = — 4m 26s — 4m 50s = — 9m 16s that they took with the bad
sign. If we add: 29 m 55s + 18m 36s = 48m 27s very near to the first value.

Second example.
Delmedigo gives 12° 24’ = 49m 36s according to the astronomers.
12° 0’ 04*’=48m 02s according to the Mefaresh.
We found 45m 18s and E = 2m 39s —4m 50s = — 2m 11s that they took with the bad
sign. If we add: 45m 18s + 4m 22s = 49m 40s very near to the first value.

Third example.
Delmedigo gives 2° 23’ = 9m 32s according to the astronomers.
1° 33* = 6m 12s according to the Mefaresh.
We found —47m 31s and E =-14m 06s —4m 50s = — 18m 56s that they took with the
bad sign. If we add: — 47m 31s + 37m 52s = — 9m 39s very near to the first value.

Fourth example.
Delmedigo gives 16° 08” = 64m 32s according to the astronomers.
15° 14’ 45°>= 60m 59s according to the Mefaresh.
We found — 46m 25s and E = 14m 08s — 4m 50s = 9m 18s that they took with the bad
sign. If we add: — 46m 25s — 18m 36s = — 65m 01s very near to the first value.
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