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G. J. Toomer
(The original edition is in the Yournal of the Anterican Oriental Soeie-
ty 6 {i860) pp. 141-498).
Sliryasiddhanta Shukla: The Strya-Siddhanta with the commentary of

Paramesvara, edited by Kripa Shankar Shukla. Hindu Astrononmical
and Mathematical Texts Series No. 1. Lucknow, 1947,

Foomer [1]: G. J. Toomer, A Note on Tamil Astronomical Tables. Cen-
taurus 9 (1963) pp. 11-15.

Vetling Valens: Vettii Valentis Anthologiarum libri ed. G. ICroll. Berlin,
1908.

Zaehner Dawn and Twilight: R. C, Zaehner, The Dawn and Twilight of
Zovoastrianism. Tondon, 1961,

— Zurvan: . C, Zachner, Zurvan, A Zoroaslrian Dilemma. Oxford, 1955,
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Kennedy {2]: E. 5. Kennedy, A Survey of Islamic Astronomical Tables.
Transaclions of the American Philosophical Society N.S. Val. 46
pt. 2 (19536} pp. 123177,

Khagdakhidyaka: The IKhandakhidyaka, an astronomical treatise of
Brohunagupta, translated into English ... by Prabodh Chandra
Sengupta. Caleutta, 1934,

al-Khwiarizml: Die Astronomischen Tafeln des Muliammed ibn Misi
al-Ihwirizmi in der Bearbeitung des Maslama ibn Almed al-Madjriti
und der latein. Ubersetzung des Athelhard von Bath ... herausge-
geben von H. Suter. Kgl. Danske. Vid. Selsk. Skr. 7 R. Hist./Glos.
Afd, III 1. Copenhagen 1914,

Kirfel: W, Kirfel, T}as Puriina vom Weltgebiinde. Bonner Qrientalistische
Studien N.5. 1. Bonu, 1854,

Nazim: M. Nazin, A Unigue Manuoscript of Astronomy. Archaeological
Survey of India, Annual Report 29 (1929-30) pp. 232-3.

Neugebaner {1): O. Neugebauer, The transmission of Planetary Theories
in Ancient and Medineval Astronomy. Seripta Mathematica 22
(1936) pp. 165-192,

Paulus Alexandrinus: Panlus Alexandrinus BIZATOTIKA ed. Ae. Boer,
Leipzig (Tenbner) 1958,

Philoponus: Toannes Philoponns de Aeternitate Mundi contra Proclum
ed. Hugo Rabe, Leipzig (Teubner) 1899,

Pingree [1}: David Pingree, Astronomy and Astrology in India aud Iran.
Isis 54 (1963} pp. 229-2446,

Ptolemy, Almagest: Claudii Ptolemael Opera quae exstant onmia, Vol ¥
Syntaxis Mothematica ed. J. I,. Heiberg. 2 partes. Leipzig (Teubner)
1898, 1903.

— Manitins: Des Claudins Piolemius MHMandbuch der Astronomie ...
fibersetzt ... von Kaorl Manitins, 2 Bde. Leipzig (Teubner) 1912-13.
(Reprinted T.eipzig 1963).

— Opern Minora: Clandii Ptolemaei Opera quae exstant omnia. Vol II
Opera Astronomica Minora ed. J. T,. Heiberg. TLeipzig (Teubner)
1907.

— Tetrabiblos: Claudii Ptolemaei Opera guae exstant ommia. Vol. III i
ATIOTEARELMATIKA edd. F. Boll. et Ae, Boer. Lzipzig (Teubner)
1957

Rizvi: 5. 8. H., Rizvi, A Unigue and Uunknown Book of al-Beruni,
Ghuorrat-az—Zijat or Karana Tilaka. Islamic Culture 37 (1963)
pp. 112-130, and following nmbars of the same journal,

Rosen: The Algebra of Mohammed ban Musa, ed. and tr. by Frederie
Rosen. London, 1831.

Steinschneider: Moritz Steinschneider, Die Arabischen Ubersetzungen aus
dem Griechischen. Graz, 1960.

Stryasiddhanta Durgess: Translation of the Siarya-Siddhaunta Ly Rev.
Lbenezer Burgess, reprinted from the edition of 1860. Calcutta, 1935,
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the condition of equality, if one of them is at the extreme of its latiude
and the other increasing in latitude, then there is no doubt that the one
incrensing is disposed to elevation’, i.e. if the two planets have equal
latitude, but planet A is at its maximum while B has not yet reached it,
then B will (in the future) be elevated above A, —— Kennedy's Bibliogra-
phy: p. 190 No, 22 This is a muddle between two quite different books.
It should read: Plolemy, Claudins, The Handy Tables, ed. and transl.
by Halma ns: Commentaire de Théon ' Alexandrie sur tes Tables Manueles
Astronomiques de Piolemde, 3 parts, Paris, 1822, 1823, 1825,
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his results for Mars are far from MASalah's, whereas 9:300 is very close
indeed to MAZallal's 9;26¢ (101:15). — 102:19-103:1 The reference is
to 102:2-4. — 103 :1-3 These stalements about the sun and Saturn are
true only if both are now considered to be in the actual position of the
sun, namely Aries 0° — 103:8 worked backward on il: Perhaps rather:
‘worked them (simmilar caleulations to the above) out all over again for
the end of the two lundred and forty years . ‘The two hundred and [orty

Fig. VI

years arc the period of 12 nmiean conjunctions of Jupiler and Saturn
{(12x 20 years) during which the plienomenon moves from one triplicity
to the next (see Kennedy's nele on p. 126), — 105:7-9 Four possible
situations are described, which are depicted in my Fig. VI: (1) Torm
ZT + TH; {2) Form ZT — TH; {3} B is at apogee or perigee, so there
is no guestion of adding or subtracting; (4) Yorm TH — 27T (when "the
eccentricity is partitioned ). — 106:4 The " small circle * is probably not
one of latitude, but of declination (the two planets being supposed to
have the same longitude). — 106:5-7 Translate: ' And, they ULeing io
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on 99:10-15). ' conjunction * jmplics ouly that the longitudes are the
same. The first part of Lhe line will then mean ' if the latitudinal diference
between the two bodies in conjunction is more than one minute -
98:18-19 For the correct translation see my note on 99:10-13. — 90:6-8
(Note on p, 181): Neugebouer's solution for the date of the horoscope i3
not acceptable, as it pives a longitude for Mars of 3020, differing by 420
from the figure in the text {3449). No vernal equinox hetween the years
—G00 and 1649 yields a configuration of the three planels anywhere near
that of the horoscope, so we mnust assume cither that Masiallah took an
imaginary position or that he made an error of caleulation, -— 99:10-13
Trauslate: * And because the cotjunction (giran) is in opposition (i.e.
Jupiter and Saturn are in conjunction with sach other but in opposition
to the sun) and Mars is proceeding towards connection {al-ittisdl) with
Jupiter and the sun with Satuen - The meaning of ittisal here Lecomes
clear when we note from the positions given in 99:6.8 that Mars i5 nearly
in opposition to Jupiter and Saturn to the sun {stnce it is Lie ' year-trans-
fer ' the latter is in Aries 09). We might conceivably suppose that iitisal
refers to the fact that the next conjunctions that were going to take place
would be between the planets mentioned. But that is not true: for Mars
will be in conjunction with Saturn belore it is i conjunction with Jupiter,
‘We nre therefore forced Lo take itisal to mean ' exact opposition . This
is confirmed and cluborated Ly 98:18-19, which we may now iranslate;
"he means by * connection (al-ittisal} transit in opposition with the
sectors being diRerent ', Similarly in 89:13 ' the two in conjunction *
shauld be replaced by ' the two conttected ones ', — 100:6 o degree and
eight minutes: (Note on p. 183): The e, for 171° derived from al-Khwii-
rizmi's zif is 0;590, not 0:550, This would give a result slightly closer to
B.'s value, but agreement is still not good. In view of R'.s statement
{54:12.13) that the planetary parameters in the Shaph Zif and al-Ihwa.
rizmi were identicsl, whicl is corroborated by the information we can
derive about the former and the printed text of the later version of the
latter {compare my Table IT above with the table printed on p. 178 of
the commentary), we must assumme that B. has in error taken the value
for 769;520 instead of 17(1,520 here, al-Khwirizmi's table pives 1:70 for
this {B. has 1;89). — 102:2-4 ‘I'ranslate: "As for the descent of Mars,
that is (found) with respect 1o its position from the apogee, not from the
position in which he placed Jupiter; but in that respect {i.e. distance of
Mars from the apogee) it is ascending, and subtraction, not addition, is
required (reading muniya for mu) {0 get the elevation ', i.e. Masallah's
operation in 101:19 to get the elevalion of Jupiter above Mars should
have been one of subiraction, not addition, — 102:5-11 The big discre-
pancies which emerpe between B.'s caleulalions in this passage and those
of the commentator (p. 186), who uses al-Khwirizl's 2ff, are probably
to be explained by the fact that B. was compuling with the adfusted centre
(25 explained on p. 183 of the commentary), while Kennedy uses the unad-
justed centre. Though the 3;15¢ of ihe text 4t 102:8 is wrong on sny sup-
position (perhaps eniend to 7;15%2) the suggested emendation of 7:300
to 8;300 at 102:9-10 is certainly wrong, for B. stales at 10212 that all
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and between 8¢ arid 90° is directly proportional to the sine. See, besides
the references given on p. 180 of the commentary, Toomer {1] p. 12, ~
92:12 from which: Translate: ' for which ', ~ 93:1-2 Translate: ' So if
the maximum equations wers equal for both planets, and forthermore its
{the maximum equation’s) position were at the epicycelic apogee, than the
portion of planet Z would be more and the portion of planet ¥ would be
less . The ' portion " means the amount of the maximum equation appes-
taining to the planet at that peint. B. is saying that "Thmar's * law of
elevation * (83:3 and 10 ., where the lawis formulated, cf. 88:17-90:8)
would enly produce something lHke the right ‘elevation ' according to the
‘first * and ' second ' opinions if the maximum {epicyclic) equation eceur-
red ot the apogee of the epicycle, which is the exacl opposite of the true
sltuation (93:4), — 93:10 af if: Translate: ' according to it ' {the law). —
92:12-93:17 (Note on p. 180): Tlhie commentary is correct in stating that
before comparing elevations between planets, one of the elevations should
be multiplied by the proper coefficient. Note however that in the example
at 94:18-19 the cocfficient is not used until after the comparison has been
carried out. — 94:5-0 Emend *Ad to ahd in line 8, and translate: 'and we
make the reguired condition for ascent the taking of the difference (i.e.
the supplement), with apreement of the sign at their base ', i.e. we allow
aurselves to take the supplement on caondition that it (the supplement)
is of the same sign (i.e. ascending or descending) as what we are comparing,
The passage 94:14-15 is completely parallel, but deals with descent. —
94:16 occurs al: Translate ' resutts from * (ef. the next line), — 94:17-~18
Translate: ' the ouly thing that can result is jS, and HS does not result
from the differerice between AL and [S§', with the consequential changes
in the Arabic text. This is merely a statement of the equation: (HA 4
H]) — (A -+ JB) = IS5 — 96:6 He added il to ils brue longitude: CF.

79:18, with Kennedy's note. ’l‘hew;;___of the equation here is ‘ the mapni-
3

tude of the transit' (80:8). It is this which is added to the true longitude. —
96:13-14 Translate:  the five planets have in common what is necessary:
one of the two (necessary things) is a deferent and the other an epicycle’. —
97:12 ff. The apparent confusion of this passage can nearly all be resolved
by clucidation of the meaning of the word minfaga and improvement of
the translation. The minfaga (literally ' belk ', see my note on 5:16)
is encountered by the planct only at 6 and 12 signs, i.e. at perigee and
apogee (whether of epieycle or eccentrie}. So it must be used by Misallah
to mean * the diameter drawn between apogee and perigee ', the same as
the * first diameter ' in 97:4. T know of no parallel to this use, Now trans-
late as follows: 97:15-16: ' up to four signs and a half (i.e. where its epi-
cycle equation is a maximum) it is falling from the mintage downward *.
In 97:17 it would be best to change mina l-minfaga to ila I-miniaga,
and transtate: * ascending fromn its descent to the mninfage’, though the
text could be kept, — 98:10 previously mentioned: At 52:1. CL. my note
on 92:9. - 98:17 conjunction: Though the word occurs twice in the trans-
lation of this line, the Arabic term is in the first place qirdn and in the
second ittisdlan where it is better translated ' connection ' (see my note
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B88:15 a reconsiler by: Translate: ' many-branched in '. — B8:18 * the
equalily * is presumably not ' of the cquations *, but that referred to in
88:10, ie. equal dislance of the twao planets from their respective apogees.
— 894 magnitude '; The Arabic is firm, 'body ', as in B8:11 and 559:2,
and clearly here too the meaning is * apparent diameter *. In 89:5 trans.
Iate: " half the sum of the two bodies*. What B. means is that in order
to determine when two planets come into conjunetion, in the sense of
just touching, one must take half the sum of their apparent diameters:

commentary ({top of p. 180}, that all the ratios involving the deferent
equation of Mars are mutually inconsistent, is correct, bul one can still
determine limits within which it muost lie: these are 11;100 and 11;13¢,
so it cannot differ niueh from Abi Ma'sar’s value (p, 17B) of 11;100,

‘The values of al-Khwiarizmi are very close: for convenience I append a
table of them:

TanLe II

Degrees
Suan 2:14
Moon 4:56
4
Cenire 8:36
Satn
aturn Anomaly 5;44
Centre 5:6
it
Jupiter Anomaly 10;52
Centre 11;13
M
s Anomaly 40;31
Centre ; 2;14
Venus Anomaly I 47;11
Centre 4;2
Mercury Anomaly 21;30

90:13 the mentioned opinions: For Lhese see the commentary p. 169 T,
— 91:4 the composite ratio: This is mil_m ete. See BO:8 M. ~—92:9 computed by
)

the sines: In the less sophisticated Hindu astronomical works e maximum
equation of centre is assumed to eccur ot a mean longitude of 900 (cf. 92:1)
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between centre of deferent and centre of universe for tle planets in order
to pet that for the sun and moon, Conseguently the final ratio for the iat-

4
ter came out to twice the normal 5z, — B3:15-B4:4 Vou have » minutes:

multiply by 48 and divide by 5 this leaves a remmainder. Multiply the
remainder by 12: this gives you a sexagesimal number of the form 0;0,b,¢

4
(where b are seconds and c thirds of a degree) which is equal to o5 -
4 : 2
(g~ == 0;48, 84:1}. In 84:3 B.’s point is that al-Fargini multiplied by

2 x 6 = 12, which is equivalent sexogesimally to dividing by 3). 'This
explains why the dlvision by 5 in 83:16 is not ' redundant ', as is stated on

7 4
p- 174 of the comumentary. — 85:11e 37~ 2. S5 — B5:9 (Note on

P.175): 0;96,36 is a misprint for 0;9,36. — 85:12 s0 far as these nunbers are
concerncd: Translate: ' in that number ' (namely 60}, Le. G0 is not to be
explained ns the maximum size of the transit, but the table is a mul-
tiplieation table (85:14-17), — B86:7 ff. This secction, as explained by
Kennedy's note ou p. 176, is quite stroightforward, but has been compli-
cated by mistranslations. The following corrections should Lie made::
86:7-8 ' And they {i.e. the minutes of transit), in the first sector as deter-
mined by the eguations, are the magnitude ' ete, The above translation
of al-magsiim bi t-fa'adil is dubious (I toke it to mean ’ distance sector '
as opposed to ' velocity sector ', and ‘ eguations * (plural) is used because
both apogee and epicycle sectors are meant). It may be preferable to omit
the words as corrupt; but in any case both grammar and sense forbid
application of them to ' the minutes ’. —— 86:9 Translate: ' So if the minutes
of lransit’. 86:10 and 13 Substitule ‘ we subtract ' for ' he subtract-
ed . Figure 14 (p. 97): The figures printed in this figure are substantially
those of the rather corrupt Arabic text. For convenience I tabulate here
the emended figures suggested on pp. 177-8 of the commentary, adding my
own emendation for the radius chiord of Saturn, The latter is the result
of multiplying 0;9.36 by 543 (one minute less than Masalalr's fpure;
cl. the paraweters for the maximum epicycle equation of Mars in the
comparative table on p. 178). The emended digits are in italics:

Tapre T

Sun Moon Saturn Jupiter
Apogee Radius Apopee Radius Apogee Radiuns
Chord Chord Chord Chord Chord Choerd

0;42,52,48 11;3-’1,43,72 1;22,43,7210;54,52,48 || 0;48,57,36]1:43,19,72
Mars Venus Mercury
Apogee Radins Apopee Radius Apogee Radius
Chord Chord Chord Chord Chord Chord

147,12,0 | 6;2848,0 1) 0:42,52,48|7;32,57,36 || ©0:38,24.0 | 3:26;24,0

Orientalic — 6
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diameter of the epicycle {75:19-20) is angle RZB. The latter added 1o
the above equation of centre will give the difierence belween mean and
true longitnde of the planet (AQR - AﬁB) approvimalely {76:1) — not
exactly, beeause for simnplicity B, assumes the equation of eentre at I
equal to that at B, whereas in fact i will vary somewhat from one to
the other, depending on the size of the epicycle. As B. says (76:1-2),
these two equations are in each case not much short of the maximum,
At 76:2 emend 'm’ to ‘aloman and 4 to » and translate: ' and made 1t
{the sum of the two equations) an indication for the mean distance at
R’ {cf, 76:7). At 76:3 K. translate: * so that the sum of the two equations
should be a measure for it (the mean distanee) when the incresse or the
decrease of the two is together', ie. when both epicycle and eccentric
cquations have the same sign, the fact that their sum is equal to that
determined above will be an indication that the planet is at mean distance,
Similarly 76:5-8 states that the amount of the difference between e two
equations when they are of different sign is an indication whether the
planet is at mean distance. Text and translation again both need emend-
ing. The sense is: * And we take ' (reading wa-na’fudu for wa-ya'fudu)
" the excess of twice the arc of one guarter of {the diameter of) the epi-
cyele. .. and make it an indication for the mean distanece at D and its
opposite point in the fourth guadrant, so that the difference .., should he
a measure for it ', In 76:5 ' the arc of hall the eccentrieity *, if the text
is not covrupt, Is a careless abbreviation for * the equation at 900 plus the
arc-sine of half the eccentricity * (ef. 75:18-19), — 77:2 Trauslate; ' except
if we consider’, The ‘' two orbits’ are the spheres of epicycle and apogee, —
77:4-5 Translate: * he is more entitied to omit it at this place ', -— 77:10-
78:5 Abd Ja'far said that the increase or decrease in the distance sun-
carth is in inverse proportion to the equation, and that mean distance is
at maxinmun equation {77:10-14), B, objects that even if this were so
{which it is not, 78:2), it would give no criterion for deciding the sectors, i.e.
whether the distance is increasing or decreasing. — 77:13 Translate: ' the
ratio of the equation to its maximum is equal to the ratio of the chord which
belongs to that equation to its maximum’, — 79:8 hasiens Read SJa-insamad
for f'usinr and tronslate: ' is elevated . — 8011 extonded: This makes
no sense. Probably mdwd' should be emended to mardiidan (' reflected Y,
though what the difference is between a ray being * reflected ' and beiug
‘sent ' remains obscure, — 80:4-5 ' depression ' and * elevation * here
mean in effect * decrease * and ‘increase . ~— 81:16 frue longitude: This
should be translated ' denominator ', as is clear from Kenuedy's nole
ou the passage (p. 173 bottom). The statement in that note that B. is
unable to explain AbQi Ma'Sar's reasons for doubling the dencminator is
not true: the whole of 81:19-82:16 is devoted to an explanation (all that
B. says in 81:18 is that the explanation may not be correct). B. supposes
that because the sun and moon, unlilke the other planets, have no equant,
Aba Mu'sar therefore made the distance between the centre of the deferent
and the centre of the universe for sun and moon correspond to the distance
between the centre of the sguani and the centre of the universe for the
other planets. So he doubled the ratio corresponding to the distance
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mean sun; for an inferior plaset it is the sum of the motions of the mean
sun and the anomualy of the Ptolemaic system {EC = EP* + PC); and
in computations, for both superior and inferior planets one subtracts
the mean planet from the conjunction. (For an account of the subsequent
procedure for finding the true longitude see Nengebauer [1] pp. 174-182).
It was in fact the desire to make the procedure for computing the pasi-
tion of an inferiox planet exactly the same as that for a superior planet
which led to the sbove definition of ' conjunction’ ., Thus the ‘ mean
conjunction ' is tabulated in Hindu mean maotion tables {ef. e.g. Indin
IT p. 16}, and it is this that B. means by ' mean of the planet ’ in 73:6.
He is clearly correct in his statement that the difference between this (EC)
and the mean longitede of the sun (EP*) gives the mean ancmaly. This
‘mean conjunction’ is of course equivalent to ' sidereal ' mean motion,
but the above explanation shows that il is quite wrong to impute a hetio-
centric theory to the Hindus on the strength of this, as has bzen done.
B. was not nlone in calling this ‘ mean motion *. Exactly the same sta-
tement as 73:6-7 is found in n fragment of al-Khwirizmi's oripinal z7j
preserved in ibn al-Mufannd's commentary (see my note on 16:1 i),
Bodl. Ms. Arch. Seld. B 34 E 20v: ' medium stellae cursum in stellis supe-
tioribus rectificaiss de medio cursu solis abstrahens primam porcionem
(= ipbean anomaly) relictain iimenies. nam pro inferioribus medinin cur-
sum solis utriusnis eorum medio cursui detrahere mandat'. — 73;7 §f
Translate: * And if it (the mean anomaly) is substituted for the difference,
mentioned for the superior planets, between their mean and tre longitudes
the result deviates from its original value {?). And if ascent and descent
in the epicycle are determined through it, then, if ' ete. B. is making the
obvious point that determining the sectors by using the mean anomaly
will give a different result from that obtained by using the equation of
anomaly (the difference bebween true and mean longitudes) because the
same anomaly will produce different equations according to the position
of the epicycle ou the deferent, as he goes on to explain, - 74:17 Read:
‘angle ZX[H] ' This is shown to be necessary by the sext sentence, —
75:1 is inaccuralz: Rather 'is fuvalid ' (yabiulu). B, is saying that this
kind of representation of the combined effect of the two equations iy
improper, — 75:15 The Inst two words in the line, "ty m'n', are clearly
corrupt, but if we omit them the sense is plain: * and angle ZSH falls
short of equality with the base’. — 75:18 Translate: " il anly Le had ',
The seutence hins no apodosis {see next uote), but is u wish. — 75:18-76:8
The following is a rough explanation of what I think B.'s point is here:
In Figure 13 of the text, if the planet is at B and the centre of the epi-
cycle at R we have addition of the two effects (epicyelic equation and equa-
tion of centre); if the planet is at B and the centre at D we have subtrac-
tion of one from the other. In both cases each equation is near the maxi-
num, and in both cases the planet is at mean distance. So the rule of
Abh Ma'Sar (74:8) is disproved. The ‘arc of half the eccentricity
{75:1B) is angle TBZ. This added to ninety degrees gives angle AZDB, and
the equation of centre at that point {translate ‘et that nmount’ in 75;19)
is computed. Cf. 20:12-15 with my note. ' twice the arc of one fourth the
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~— 73:4-7 This passage is perfectly intelligible (whereas the ‘ emendation *
suggested-on p. 171 would indeed he bafling). The commentator’s dif-
ficulty comes from a failure to realise that the mean ° longitude ' of an
inner planet is defined in Hindu astronomy in a different way from that
in which Ptolemy defined it (which was the mean longitude of the sun).
Strictly speaking, it is not a ‘langitude ' at all; it is known technically
as the ' mean conjunction’. The following account is substantially con-

YO
A

TFig. v

tributed by Dr. Pingree (See Fig. V): ' The mean plastet ¥ {whicli is the
mean sun for the inferior planets) travels on a circle concentric with the
earth O, and about the mean planet rotale two epicycles, one of the apo-
gee (AP'), the other of the conjunction {EP”C), which allow oue to com-
pute the inequalities, but in no sense Tepresent a kinematic model of the
motion of the true planet., The line from the centre of the earth to the
mean planet is extended to mect the circumferences of the two epicycles,
and the longitndinal distances of the planet's apogee and its ' conjunction *
are marked off from Aries 00 of the epicyele (these are located at A and
C respectively in Fig. V}. Then for a superior planct the conjuiction is the
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stated in 64:2-3). According to the ' secoad opinion * (64:5) the anomaly
is adjusted by the whole equation of centre, and the first sector becomes
arc TF, i.e. it is measured from the true apogee of the epicycle. In 64:5
translate: ‘ the anomaly is considered to be adjusted by the whole equa-
tion of centre ', — 65:5 motion of the difference: ic. simple anomalistic
motion. —- 65:12 ff. B. suggests that by considering the four distances
in the epicycle at each of the four points in the deferent one would get
4xd4 = 16 different distances. But he immediately discounts this on
the grounds that the right-hand mean distance does nat differ (in length)
from the left-hand mean distance, so one has only 3 x 3 = 9 different
distances. — 65:15 Translate: ' it would not become sixteen by repetition
of the rotation, wlether’ ete. — 69:5 Translate: ‘' what characterizes the
motion of the moon with respect to the deferent is fittle (yasirun) compared
with the mation of the eentre ' {of the epicycle), i.e. when the moon is in
the upper half of the epicyele its motion on the epicycle, as seen from the
cartl, is less than the motion of the centre of the epicycle, though in the
opposite sense. ITence there is only slowing down (69:7), no retrogradation.
The word translated ' deferent’ is al-fawdmil. The only explanation I
have for the use of the plaral i5 that the moon's deferent is not fixed in
space, but has a variable centre (sec 33:10-12), ie. the moon has many
possible " deferents’. — 69:10-12 Trauslate: ' the motion of the planet
with respect to the deferent ... does nob differ from the moon's ... in
slowing down and deceleration ’ (emending 'Ishy¢ in 69:12 to al—tathif),
ie. the planet, in that part of its epicyele where its motion is contrary
to, but still less than, the motion of the centre, is like the moon in the
upper part of its epicycle in that it slows down. — 70:18 It is clearly
necessary to emend ' second ' to ' third ' (wi—fani to af-faliy). Cf. 68:2-G.
The note on p. 168 (third paragrapl) only makes sense with this emen-
dation, so its omnission is just an oversight. — 71:4 f. Translate: * increasing
and decreasing in the two even ones. ' 'in both of its directions’ {or
'regions ') may mean ' both when northerly and when southerly *. The
latitude is increasing (i.e. the planet is travelling northwards) in the first
and fourth quadrants, though in the first the planet has a northerly lati-
tude, in the fourth a soutlierly. * the remaining ones ' (line 5} are of course
quadranis, no! sectors, — 71:6-7 Translate: ' the first quadrant which
is ... and the third quadrant... (are) . — 72:10-11 becomes suspended
(fa*allaga); This means 'is conditional’ rather than ' becomes indeter
minate '. The literal meaning of the next sentence is: ' and perhaps it
18 as if the planet in both of them is the descent ',  “I'his is plain nonsense,
and the mistranslation in the English text does not really male sense
either, It seems probable that theve is o lacuna after * both of tlem '
in 72:11. In this lacuna came the word ' ascent ' {es-su'tad). Then it is
"the ascent and descent’ which are ‘dependent upon the ummodified
center and the {rue anomnaly '; and * hoth of them * in 72:11 and 72:12 f.
refers to the two deferents which are discussed in 72:3 fT. The introdue-
tion by the translators of the idea that ‘ both of them ® refers to ' the
deferent and the epicycle ' leads to impenetrable confusion. — 72:14-15
Translate: * and they are of two kinds, one relative fo the mean distance’.
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while in the other two it is ' below ' it — G0:18 equal to: Translate:
‘like ". — 61:1-3 Text and translation are doubtiul but the meaning is
clear: at the righthand stalionary point on the epicycle the planet
begins its (apparent) forward motion, and accelerates until it reaches
its maximum speed at the epicyclic apogee, wiere it begins to decrease
speed until it reaches the left-hand stationary point, after which it
becomes retrograde (as explained in 61:4 £). — 61:6-7 Omit {the end
of) *. " one ' and * the other * refer to the two stationary points. —61:13-14

—

Fig. IV

Translate: * should be given precedence .. .over the change in the equa-
tion ... unless an effect s claimed 5 it '. — 61:18 the first anethod rather
than the second: ie. distance rather than velocity sectors, — 63:12 by
them; Translate: ' for them ' (for the sectors). — 63:14-17 (Note on
p. 165): For * 2700 read ' 5407’ — 63:18-64:6 (Note on p, 165): The expla-
nation given in the commentary of tle reason for the use of half the equa-
tion of centre is wrong. See my Fig. I'V. The {mean) anomaly is the arc
CT. According to the * first opinion ' (64:1) this is adjusted by ' half the
~
equation of centre’, i.e. by .é_ (nre TC = OQE). This will make the first
sector approximate to the are KT {only approximate, as B. indicates in
—— ——— ~
(3:19, becanse TC is only exactly twice KC when EMK is a right angle),
Thus the first sector is measured from Lhe point on the epicycle whiecl is
‘apogee ' with respect to M, the centre of the deferent {this is what is
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hypotenuse drawn from its other end ', ie. HT = 1D, because each is

the perpendienlar of an equal right-angled triangle. — 59:4-5 This is
correct, for %% = %2 = % and HT, as shown above, eqnals the radius
of the epicycle, while HZ is equal to the radius of the cecentric. Here the
rendering of EDY] U3 as * deferent ' (see my note on 15:1) is unforfunate,
for what B. is saying is that SB:DB equals the ratio of the eccentricity
to the radius of the cecentric when ona substitnles the eccentric madel for

J

Fig. I11

the epicyclic. The eccentricity is thus uothing to do with the distance
ZH in Figure 11, as the translation would lead us to suppose, but instead
is equal to the radius of the epicycle. ~— 60:3 Translate: ' lower than it,
or due to their being above the mean distance * ete. Tn 60:1-3 B. is sugpest-
ing two alternative explanations of why the first and fourth sectors are
called ascending' aund the other two ' descemdding ': {1} Because the
centres of both epicycle and eccentric circle are ' raised’ (wela) From the
centre of the universe; so the two sectors which are in Llie some di-
rection are said to be "ascending ' as well (2) In the first and fourth
sectors ihe distance to the body is greater than (' above’) the inean,
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is n discrepancy of one minute between al-Khwirizini aud the Shils
Zij). On the other hand Abii Ma'3ar's parameter in the list on p. 178 is
40;30°, an example of the "one minnte less' of 54:89. The parameters of
Abit Ma'sar listed on p. 178 are very similar to those of the Shal Zi,
and are inconsistent with the two given in this passage (54:9 aud 54:13),
But it would not be surprising if Aba Ma'ar used different parameters
in different parts of his work. -— §5:1-11 Amarija on Khaydakhadyaha
2,13-14 quotes the following as the circumierences of epicycles of the
conjunctions of the planets from Paulifa: Saturn 39:300 — Jupiter 720 —
Mars 233° - Venus 260¢ - Merenry 13%9. Lxcept in the cases of Saturn
and Mars, these parameters are from the Midnight System of Aryabhata 1.
The verse of Paulisa cited by Amaraja also gives the rule for computing
the maximun eguation: Sin epex == ctrcum[erencgﬁuﬂf epicycle x R
R = 150 (the value of the HKhaudakhadyaka) rather than R = 3438,

. Using

Amarija then computes the maximum equations according to Pauliga's
rule, and gets: Saturn 6;200 - Jupiter 11:300 — Mars 40:30° — Venus 46,150
Mercury 21,300, {Pingree) Both of the above sets of figures should be
compared with these given in the table on p. 160 of the comnmentary. The
discrepancies may incline us to believe that B. cannot be referring to
the saine work as Amarija, Moreover the conversion rule given 54:19-55:2
(p. 161 of the commentary) is, unlike that given above, otily an approxi-
mation, which leads to quite large errors when the epicycle is larpe. More
than one Paulifasiddhania existed: see Pingree [1] p. 237 n. 63, — 56:9
external: Translate: * eccentric ' (al~harij). The Lechnical term for * ec-
centric circle ' is ' falak parij al-markaz'. — 56:17 Translate: ' issuing
from 2 (and) H fo tham* (to A and J). The next sentence makes no sense,
Perhaps the best explanation is that at these two points, A and J, the
disparity in quantity (fafadul) of the two lines is at its greatest, This
woulil necessitate reading fefadulluma, — 57:4-5 they are equal fo cirele
ABJD ete.: This is patently false: each of tiie circles in question is equal to
a quarter ABTD, as the diameter of each is eqgual to the radius of ABID.
Moreover mention of ABJD is irrelevant: the point is that the circles
are equal to each other, The error is too gross bo attribute to B. himself.
The simplest solutiou is to delete the words ' to circle ARJD ... one ma-
gnitude ' ns an ignorant interpolation. — 58:2 ZMB: Tmend to * ZMS
or to * ZMH *. — 58:11-59:9 Figure 11 of the text is wrongly drawn, This
mistake hins led the translators astray and makes the argument difficult Lo
follow. I have therefore redrawn it {see my Tig. TTT). FL is a point on the
deferent (on the extension of the tangent 2D), and not a point on the
epicycle. It is then easily shown that 7T equals the radius of the epicycle.
— 58:14-15 Cliange the punctuation to read: * the maximumn eqnation,
because the lines extending’ (from Z), — 58:16 Read: fanple BRI
with the Arabic text. ~ 58:17 any angle bounding it: What is needed s
"any angle bownded by then ' (the lines of 58:13), The Arabic is Lo b,
s >
The simplest veading is Logs bofl — 58:19-59:1 Translate: * beeauso

botl: it (EIT) and BD are perpendiculars from one end of the arc {BE) to the
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the caleulations and tabulations outlined in this section. The last five
lines of p. 158 and the first six of p. 159 shounld be deleted, as they are
based on a total misunderstanding of the text at this point. The commen-
tator is correct in his supposition that the refereuce in 50:8 ff. is to the
normal interpolation procedure in planetary tables for positious of the
planet between menn and extreme distance. Moreover the rule given in
51:13 fi. is an example of a similar interpolation pracedure. To abtpin a
correct statement of the rule, alter the commentary on p. 158 to read:
" where § is the deferent arc from the position of zeve elevation or depres-
sion to the position of the epicycle centre’. — 52:5-7 These parameters
are indeed taken from the Almagest, but they are in each case the first
approximation arrived at by Ptolemy, under a preliminary lLypothesis
{for which see Almagest X 7, Manitius IT pp. 178-9). They are then cor-
rected, and Ptolemy's final parameters are those quoted in the commen-
tary {p. 159). There seems no explanation except carelessness for B's
use of these approximate parameters. The references to the Almagest are:
Saturn: XI § (Manitius IT p, 283). Jupiter: XTI 1 (Manitius IT p. 208);
here twice the parameter is given as 5;23 and on p. 210 half of the latter
is rounded to 2;42. Mars: X 7 (Manitius IT p. 184). For Venns and Mercury
the parameters given will be found at Almagest X 3 (Manitins IT p. 163)
and IX 9 (Manitius IT p. 144} respectively. — B52:15 withont HT:
Translate: * and not HT ', — 52:19 Translate: * and ¢ (HD) s less than it
(D) ', — 53:6 As the commentary states, the figure for Mercury should
read ‘ twenty-two parts and a half *. However, no ’ restoration’ is neces-
sary, as it is already in the Arabic text. The references to the Almagest
for the parameters of thie epicycle radius are as follows: Saturn XI 6
(Manitius IT p. 246). Jupiter XTI 2 (Manitius TT p, 223), Mars X 8 (Mani-
tius II p. 198). Venus X 3 (Manitins IT p. 163). Mercury IX 8 {Manitius
IX p. 144). — 53:B Translate: " have followed in them ' (the maximum
equations), — 53:6-55:13 In the comparative table given on p. 160, the
following points scould be noted: {1) The fipures given for Theon's
Canon are identical with those of the Handy Tables execept for Mars,
where Halma's text (II pp. 166-7) has 41;70. The agreement of B.'s Agure
with al-Battdni's indicates n split in the manuscript tradition lere, (The
oidest ms. of the Handy Tables, Vat. Gr. 1281, also has 41;8 in this
place). (2) The fignres for Jnpiter and Mars given for ibn al-A'lam are
not explicitly stnted by B., bul merely inferred from his silence. (3) The
figure for Saturn in the Shih Zij should read —0;0,8. Tt seems most unlikely
that this is correct, — 54:8-14 forly-oue parts and thivty minutes: ‘This is
cither a copyist's error or o mistake by B. for 'foriy parts and thirty-
one minutes’'. It is stated (54:13-14} that the parameters in the Shah
Z1j are the same as those in al-Khwarizmi. I have listed the latter in
my note to the table an p. 100 (see Table II, p. 55 of this article), And
the parammeters of the Shahk Zij were derived by Kennedy from a later
passage and are iisted on p. 178 of the commentary {(under Mashaliih),
Both agree in the parameter 40;31° for Mars' maxiimum equation of
anomaly. In all otlier cases both agree with the fgures given by B. here
and listed on p. 160 of the commentary {though in some otlier values there
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Figure B and misinterpretation of the text. T have therefore redrawn the
fipure. See my Figure IT, which reproduces the figure in the Arahic text
cxcept for a few emendations and additions of letters. This correct figure
should be referred to with the following notes. ~ 47:15 the other two:
ic. the right and left mean distances when the epicycle centre is at apogee
(the two positions of the ' mean depression ', which are * a little bit ele-
vated above * the depression at 1), ~— 48:3-7 To achieve English syntax
translate: ' And bhecaunse BZ is the radius ' ... (line 5) *and B, is the
radins of the epicycle, triangle BLZ... will be known ' ... {line 7) of
its base. And BH is the sine of arc DL, so if * etc. — 48:14 Read ' SN
to avoid ambiguity. Clearly W is distant from Q by the same amount
as I (i.e. by the radins of the epicycle), but on the opposite side. — 48:15
Translate: * wili be at the intersection * (i.e. nt Q). — 49:8-50:1 Translate;
"and its (arc TV's) complement is the total elevation, and its (the cle-
vation's) beginning is from when the centre is at {F), since the right mean
distance ’ ete. If tle text is right, B. is slipshod in saying that the com-
plement, of are TY is the total elevation, ns comparison with the parallel
situation in 48:9-10 shows that forming (Qﬂﬁ-ﬁf) is only the next step
towards finding the ' total elevation ', which is the arc of the epicycle ent
off between the two circles when the centre is ot . The second part of
the above sentence means that this arc ceases to be called * depression *
and begins to be called * elevation * when the centre has passed I {and so
the right-hand mean distance has passed Q). — 50:2-3 The ° point of
intersection * is Q. It is clearly correct to say Lhat the are hetween 0 and

T is given by the formula 2 Sln;1 (%) , where ®® and r are the radius of

the deferent and epicycle respectively. — 50:8 Emend yibh to bi-$ibh and
translate: ' And in imitation of the operations ..., we transfer', — 50:11 f£,
the beginwings of the distance sectors: These are the sectors of the deferent
(see Kennedy's note on p. 128) and are the points A, Q, T, X in my figure.
— B0:16 ff. the arc of the chord: Cf. 50:3. What B. is saying is that the
epicycle centre is to the right or left of X by an arc equal to I?jQ when
the epicycle circumference passes through X, ete. — 51:1 To understand
this passage compare 50:4. For instance * the distance ' in 51:1 is equal
to 8B, — 51:B ultitude: Translale: ' elevation '. — 51;12 he center: i.c.
tite cenire of the epicycle. This word (markaz) is the technical term for
" mean anomaly ', which is really what is meant here, — 51:13-14 Trans-
late: ' the distance of the centre from the designated beginning *, i.e. the
beginning of the elevation or the depression as the case may be — 47:13-
51:18 (Note on pp. 158-9): The obscurity which the comumentator finds
in this passage is due to a misunderstanding, which the above notes should
have cleared up. Apart from the inevitable corruption of the letters desig-
nating points in the diagrum, the text appears sound, As for llie point
of the passage as a whole, that is made clear in 51:16-17; it is Lo find the
position of mean distance on the epicycle for a given position of the epi-
cycle on the deferent. It is therefore a natural outcome of the discussion
(3B:3 fL.) of the division of the epicycle into distance seclors; and the
following sections on the parameters are necessary in order to carry out
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agree with the text, but except in the above two places no ambiguity
arises. — 41:2-43:15 (Note on p. 135): The maximum equation is nof
arc AB. It is just this false identification which B. says {43:9-14) is the
cause of AbT Ma'Sar's erroneons formula. (p. 156): In the frst line read:

2ZA . %S?[ = AM.AJ. Abit Ma'Sar's rule {last line but one) should read:

800 - Sinﬁlﬁ%%‘ff. ~— 424 lhe epicysle equals: Translate: ' the epicycle
r P
is like'. — 43:9 Translate: ' he means &y the epicycle radius the arc AB’,

ie. B. cluims thati Abi Ma'Sar was saying that the maximam equation

Fig. II

(which is given by the arcSine of the epicyele radius) is are AB. We may
doubt whether B.'s interpretation of the extraordinary expression © the
sine of the epicycle radius * is correct. I would rather suspect a corrup-
tion in B.'s text of Abit Ma‘S8ar. If for the above expression we substituie
‘the epicycle rading ', Abit Mu'Sar’s rule becomes the same as B.'s. — 43:15
was known fo him: Translate: 'Is o fixed quantity in relation Lo it (arc ATY).
- 45:4 Bmend w-tdwyr' "wlh "w to ay ladwiran 4ld au (Perhaps instead
of (14} the vulgar form aJ5 ) was used), Translate: ' the first or mncorrected
argument or epicycle ' (cf. 46:2). — 46:2 Translate; ‘ the anomaly, or Lthe
corrected argument or epicycle’. — 47:13 ff. The following section has
been rendered unintelligible in places by the mistaken emendation of
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{Pingrec). - 28:8-10 The parameter 31;26° for the lunar epicycle is an
error of B. (not the copyist, as is clear fromm Kennedy's note on this
passage) for 31;369, as is shown by the following note of Pingree: In the
Brilmasphulasiddhania (2,20} the epicycles are pulsating; the solar epi-
cycle varjes belween 13;200 and 140, the Iunar between 30;44° and 32;280,
The mean values are 13;40° and 31;3Ge {compare B.'s 13;400 and 31:26¢
here). Brahmagupta's parameters for the Brahmasphutasiddhinle are
taken from the Paitdmasiddhania of the Visuudharmoltarapurdpa; and
on p. 4 of the latter, which does not have pulsating epicycles, ane finds the
values 13;400 and 31;365. — 2B8:10 Fend \;) 15V to 14121 and trans-
late: ' that they made revolve, round the centre of the deferent, and with a
radius of the sine ... a circle’. I presume that ' round the centre of the
deferent * meons ‘ with its centre on the deferent’'. «— 2B:i4-18 (Note
on p. I44): The reference to al-Khwirizmi's Algebra should be Rosen
pp. 198-8. In that place referemces to this approximation to « in Sanskrit
literature will be found. — 29:14-18 (Note on p. 147). It appears from
the curious wording of this note that the Handy Tables wers not available
to the writer. Let me therefore confirm his conjecture that cols. 3 and 4
of the Almagest table are combined into a single column in the Handy
Tables, and that the latter are numerically essentially identical with the
former. It should be noted however that both in the Almagest {XT 11,
Manitins IT p. 264} and in the Handy Tables (II pp. 174-5) the maximum
cquation for Venus is 2;240, so B.’s 2;23° js an error (correct Venus’
value in the notes on 30:4-9 and 31:9-31:14). — 30:4-9 (Note on pp. 147-B):
Regarding the list of ibn al-A'lam's volnes for planetary equations, note
that at 23:2 B. gives this author’s maximum solar equation as 2;0,100
{i.e. 0;22,500 less than the Almagest). Tt is this fact combined with the
statement about Venus in 30:1 which makes it probable that it is the
Almagest values with which B. is comparing ibm al~-A'fam's, — 31:17-32;2
(Note on p. 150): Read ' excepl for Jupiter ' instead of ' except for Venus *,
and 32:14 instead of 28:14. — 32:6 We should read 5;50, with the Arabic
text. The first formula on p. 151 gives 5;50, und not as Kennedy states
3:10, so there is no basis for his emendation. Furthermore 5;500, though
low, is credible as the maximum deferent equation of Satum {while §; 100
is not}. — It is quite near the 5;430 attributed to fhn al-A'lam on p. 1470
~ 32:14 Tere for the maximun eguation of Mars we should of course
read 11;[8],30. — 35:2-3 The ' three equal lines* are HS, SD, DT. —
36:6-7 Read, with the Arabic text: ’ since point §, which was at A'.
The point of what B. is saying here is as follows: if yon imagine the poink
T. the centre of the deferent, moving round D and carrying the deferent
with it, then when T reaches the position §, A, which was the apogee, will
have reached point §, and Z, which was the perlgee, will have reached
point W. Dut $ is now nearer to the earth I than W thus ' apogee ' is
nearer than ' peripee ', and so the two lave  chanped places’, — 3B:8
ABJD: The points T and J have become interchanged in PFigure 4 both
in the Avabic and the translation. The translaiors have altered the text
to agree with the figure from 38:17 onwards, though not here and in 38:9,
where there is a discrepancy. ‘They should have altered the figure to
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on sines see Aryablatiya p. 19, — 26:4 ff: {(Note on p. 141): The reference
© to India should be I pp. xxxvevi. The text has wly in error for wyg at

26:14 as well ns at 26:19. The last sentence of the note, even if true, is
irrelevant, as it illustrates not division, but multiplication Ly 60. —
27:1-3 The referexice is to the Bralmasphdasiddhanta 2,2.5, (Piugree) ——
27:8 Nabhala: The Arabic is  },3. This might be emended to Bahubala
or Mahkabala, tmt most probably one should read Balabkadra, a well-
known early Indian astronomer who is frequently cited by B. in [udia.
(Pingree) See especlally Sachau's note, II p. 305. e is associated with
Aryabhata there too, e.g. T p. 244 — 27:13 Karanasira: In India I pp. 135-7
B. explains that Karane means * following ' (beliind the Siddhanta), and
Karanasdra means 'that which has been derived from the Karana', which
is correct. (Pingree). Here he explnins it as ' Breaker of the Zijes *. The
latter translation is epplied to a quite different work by Utpala in fndia
I p. 157, s0 it seerns that he has made o slip in the present passape. (Note
on p. 142): The references to the Karanasara in I'ndia will be found eol-
lected only in the Index (IT p. 412). Sachau's note is on p. 306 of vol. II.
— 27:14 Vittesvara: Read ' Vatedvara ', the aunthor of a siddhanta of
which a mamseript is preserved in the Library of the University of Tuck-
now, now published by R. 3. Sharma and M, Mishra (New Deli 1562},
From this work we learn that his father's naine was Maohadatta and his
city Anandapura. Hence correct the note here and al-Birfini, India I p. 156.
{(Pingree) — 27:18 The Forelock of the Zijes: In the parallel passage
{India I p. 156) Suchau translates the word gwrra more accurately ns
‘blaze '. Dr. Pingree informs me that (ilake means among other things
o mark applied to the forehead, whence comes the derived meaning
‘ornament ', intended by Vijayanandin, (Note on p. 143): Sachau's
identification of the work of Abfi Muhammad al-Na'ib al-Amuli {called
Hitgh al-gurra by B., Chronology p. 18) with an Arabic translation of the
Karayatilake {explained here and elsewhere by B. as meaning gurrat
az—zijal) is hased on nothing more than the coincidence of name, and is
not in the least strengthened by the present passage. What we know
of the contents of ul-Amull's book from B.'s four references in the Ghro-
nology {for wihich see Buchau’s note on p, 372) makes it extremely unlikely
that this was a transintion of & Hindu work, Furthermore, we now know
thot B, himself translpted the Karanafilaha into Arabic. A manuseript of
the translation survives in the library of Pir Mubammad Shah, Dargah,
~Ahmadabad. See the articles of Nazim and Rizvi cited in the bibliography.
I owe these two references to Dr. Pingree. — 28:6-7 Pulisasiddhanta:
For the clearest statement of the known fuets about this work see Pin-
gree [1] p. 237 n. 63. It iy clear that there are no good grounds for the
identifieation of the author of any of the works going by the above name
with Paulus Alexandrinus, the author of the Greek astralogical work
elooyaymd, though B. himself did so. (Note on p. 143): ' measured in degrees
of are along the deferent ': {.e. the circumference of the epicycle was
expressed in 360ths of the length of the circumference of the deferent.
The parameters of the Khandakhadyaka referred to in the note are them-
selves derived from the Midnight (drdkarairika) system of Aryabhata I.
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in this line certain, Then translate: ' with the addition {o it (Lo wcea)
of the meaning ** slowness "' . — 17:15 Hamza ibn al-Fasan al-Isfahani;
Far from being unknown apart from the quotation cited in the commen-
tary (p. 130), this individual is well documented, and some of his works
{though not those mentioned by B.) survive, and some have even been
printed. Tor details see Brockelmann I p. 152 and Supp. I pp. 221-2,
where his dates are given as 883-before 970. B. quotes him frequently in
the Chranalogy (p. 61 and elsewhere) aud it is clear from these quotations
that Hamza was particularly knowledgeable on afiairs in pre-Islamic
Persia, which fits in with the present passage. — 17:1B bahala: Dr, Kripa
Shanlear Shukla snggests that this is a corruption of the Sanskrit patale,
which means *hell ', and is used in Sanskrit astrology for * hypogee ".
(Pingree) -— 17:19-18:1 =ik and =ijast: The reading in the first place
should be »#j, This represents the Sanskrit nica. This is used to mean
the ' depression ' of a planct (as opposed to ueea, its exaltation), or to
mean 'southern declination’. It is not however used for ' perigee’
{Pingree), S0 B., as one would expect from 17:17, is merely sugpesting o
term that the Hindus could have employed. nijast? is the Sanskrit nicastha,
‘standing at depression . — 18:11 with it: Iranslate: * in it {Lhe cceen-
tric circle), — 18:14 The point is that the radius of the earth is so small
compared with the distance of any of the planets that the position of the
observer can be token as identical with the centre of the universe, —
18:17 The reference is to Almagest IIT 3 (Manitins I pp. 162-3). —
19:11 half it: Translate: ' the radius ‘. — 19:12 squal fo il: ie. equal to
the radius. adjacent: this word (af-mutagdribaini) makes no sense. The
sense vequired is ‘' extreme *, i.e, the greatest and least distances, T dubious-
1y sugpest al-mutafd@witaini: ' motually diBering’. — 20:3 for elegance:
Translate: * because he liked it ’. w 20:12 This hns been misunderstood;
what B. is deseribing is the angular distance between two points measured
from the centre of the circle (D). We can get the correct translation just
by omitting most of the words in brackets: * hence the determination of
the (angular distance) between the apogee and (the point of) mean dis-
tance ’, (Note on p, 133): For Sin—t BH read Sin—1 8. — 21:9 crux
(md'v): Emend to (migdar) (" amount'). — 22:3 Translate: * when we
talk about the equations (dual) of the two luminaries *. — 22:8 (Note on
p. 134): The value of 5;0¢ for the maximum lunar equation, attributed
to Theon in 23:12, is in fact Lhal of the Handy Tables (1T pp. 84-5). —
24:9 Tor maximum lunar equation of 4;56° in Hindu astronomy see e.g.
Khandakhadyaka p. 20. — 24:13: It resembles getting: ‘Translate: ' For
cxample they got'. — 24:13-16: (Note on p. 137): There is a misprint

in the rnle. It shounld read: p = ""g" Sinyy 0. This rule i5 found in the

Hhandahhddyake pp. 32 and 82. — 24:19 {}: (Note on p. 138, 4 lines from
bottom): Read: 2;13,200 sin %. B.'s point is surely that result would have
been nearer the common 2;140, rather than the aberrant 2;13¢, as Kennedy
supposes. — 25:9 ff: (Wote oo kardaja, p. 139): It sould be added that
within the individual kardaja the funcltion increases linearly; it is this
that distinguishes # from and ordinary sine fumction. For Aryabhata
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these texts do not seem to realise the function of these cords, they derive
the idea from elsewhere, probably a Hindu source. For the doctrine is
found in the S@ryasiddhdnta (II 2, Burgess p, 53). It is also described by
ibn al-Mutannd iz his commentary on al-Kliwarizmi’s now lost original
£if. This commentary is extant only in unpublished (1) Tatin and Hebrew
translations. I guote irom Bodleian Ms. Arch. Seld. B 34 f. 23v: * Multi
autem de cireulorum natura et situ inscii stellas quasi quodam nexu liga-
tas bestiarum uel huinsmodi more soli ligatas existimant a quibus dum sol
recedit Cuel) eaedem a sole separantur hoc nexu sol eas ad sese attrahit .
The doctrine was probably described in al-IKhwarizini's zIf, and this is
aunother link withh Hindu astronomy. So it may be that B. here had in
mind the ancient Hindus rather than the Persians. TFor more details see
Pingree [1] p. 242, from which somie of the above is derived. — 16:2-3
The translation is nearly correct, but obscure. The meaning must be:
‘ their retrogradation (resulting) from the tension of the ecord tightened
by it (the sun), and their forward motion due to its (the cord's) slackening ',
This involves changing hrg to hzg, and al-mafdide bihi to al-maidud
biha. — 1637 since: This is not o correct translation of ba'da an, and
anyway malkes no sense. 1 supgest translating: ' apart from the fact
that *. — 16:13-15 This is very obscure. Perhaps transinte: * But if the
meaning (of jityi r&st) has to be ' straight table ', then its straightness is
the constancy of what is in it for the meridian of every locality alike .
This. involves chauging If'f in live 14 to f-nisf, and supposing that B. is
referring to the fact that the same ares of the ecliplic cross the meridian
of every horizon in the same space of time. {CF, Clronology, Arabic text
p. 6 bottom wa~Adua ta'diluha bi—-mafali’ falak al-buritj 'ald dd'ira wisf
an-nahdr muftaridan fi jami' al-mawddi': * and the equation found from
the rising-times of the ccliptic through the meridian-circle is regular and
constant everywhere’), These rising-times are what is tobulated in the
table of right ascension. He would then be saying that if fiyi rést is
interpreted as mieaning straight table’ {an interpretation which he
does not accept), tlen it means the table of right ascension and i3 to be
explained in the above way. ~— 16:19 dogs not resemble: Translate: * does
not differ from'. This is required both Ly the sense and by the Arabic. —
17:1  as fo sphericity: This is the sense required, so in the ashsence of
any evidence that the word in the text (kryh) can mean that, we shonld
probably ewtend it to furrawiye. — 17:5 (Note on 1o 130) I know of no
grounds for the uulikely statement that the Sanskrit noce is derived from
a Greek word. The reference given in the commentary deals only with
the derivation of anj from ucca. — 17:7 mandsj is the Sanslrit mandocea,
meaning the apogee of the eccentric. As B. explains in 17:9-10, the Hindus
applied the term 'fast’ (fighra) to the epicycle and " slow * (mawnda) to
the eccentric. See Sarya-Siddhinta II 1 {Burgess pp- 53-4) and Neuge-
bauer [1] p. 191 n. 85. “Ihis makes the emendation af JJ’::Ji to shoi

(*} An inadequate text of the Latin teanslation by HMugo Sanctal-

lensis ias now been published by 13, Millis Vendrell (Madrid-Barcelona
1963). The Hebrew versions are to be published by 1. Goldstein,
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of the Awvesta dealt with astronomy and asirology. Since it is certain that
the ' opinion ' of 13:10-11 was not in the Old Persian Avesta, the term
" Avesta ' here (as perhaps abways in B.'s works) refers to the collection
of doctrine in Pahlavi wnich was compiled under that name in Sassanian
Limes, and which confained much Greek and Indian material, For the
latter see Zachner, Dawn and Twilight Pp. 193, — 13:18 For the Arabic
translation of Philoponus' work see, in addition, India I p. 36, with
Sachau's note ad los., and Steinschneider p. 143. This translation is not
kmown to be extant. However the original is {sec iy bibliography). The
passage B. refers to bere is presumably Rabe 318,13 . But there all that
Philoponus says is that Plato in the Timaeus (38 d} put the sun next
above the moon instead of in the middle of the planets, so probably B, or
Thiloponus' Arabic translator misunderstood the passage. — 13:19 1,
I retranslate the whole passage, though the only corrections in the Arabic
text I propose are an'ami for n'mw’ in 13;19, wasi'a for ws'h in 14:2,
and al-"whar for al-dhiv in 14:3; * Therenpon those of them who pondered
the matler asked whether it was permissible, regarding the motions which are
found in them (the planets), to put all the planels praper above the sun;
however singe they were (then) left with the space between the two lumi-
naries devoid of a planet to give continuity, and (because) it {the space)
was large vnough to contain the two planets which are isolated from the
rest by their rotation round the sun . .. {14:6) therefore they considered ’
ete. {all one sentence). — 14:10 For the explanation of how the planetary
names of the weekdays were derived from the association of the planets
with the hours { the lords of the hours "} see Bouché-Leclereqg p. 479 [T, —
14:18 ascent and descent: See my note on 11:2, The reference here is to
the change in the distance of the planet From the ohserver, — 15:2 deferent:
This is the word commonly used in ihis work to translate falak al-nuj
(literally ' sphere of the apogee '). A better translation would be * ecce-
tric *, since the eccentric is only a deferent {a circle on whicl the centre
of the epicycle moves) contingently, and in the case of the suu is not a
deferent ot all. The Arabic for ' deferent’ is kami! (used frequently in
this work). Usually this mistranslation causes no ambiguily. See however
may note on 59:4-5. — 15:8-12 {Note on p, 129). In lines 2 and 4 of this
note B should be substituted for T, — 15:13-15 Tor an example of this
nse of jmwwi see 90:1, — 15:18-19 Translate: ' duc to the discussion of
the subject-matter in it on chords ', Le. due Lo the lay-out of astronomical
tables in parallel straight lines, For this derivation of #ij from the appear-
ence of the tables see Kennedy [2] p. 123 § 2. Tn line 19 the {ext reads
minhit fihi@: ' from it in them . 1 suggest that this means ' from the epi-
cycle with respect to the chords ', i.e. that the motions in hoth eccentric
and epicycle are set out in tables. — 16:1 fi, . attributes the theory that
the retvogradations and forward motions of the planets are caused by
the tightening and slackening of cords attaching the latter to the sun to
" the ancients * {ef. 70:4 f£). Since he las just been talking about Persian
astronomers it is conceivable that he means the ancient Persians; and
some Pahlavi texts do indeed state that the planets are bound by cords
to the chariot of the sun (Zaehner, Zwryan pp. 164, 416-417). But as
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For all this compare Siaryasiddhanta VII 18-22 ({Burgess p. 199). The
equation of one degree with one enbit may be connected with the method
of observation recammended in that chapter (i6-17), by means of two
poles each of five tubits stuck in the ground; but the details are very
obscure. — 9-14 tedimonics: This is a translation of the astrological term
tmpeaproplat, for which see Bouché-Leclercq p. 165 n. 1. — 10:9-16 B.
describes two situations: (1) Sun and moon have the same declination,
and the sum of their longitudes is 1800, In the Sirya-Siddhanta (XI. 2,
Burgess p. 273} this is called wyatipata, (2) Sun and moon have eqgual but
opposite declinations, and the sum of their longitudes is 360%, In the
Sirya-Siddhanta (XI.1) this is called vaidhyla. For a correct explana-
tion of all this see Burpess p. 274. Shukla's account of the passages in the
Siirya-Siddhanta, which Is referred to by Kennedy, combines declina-
Hons of opposite sign with a sum of 180¢; this would contradict B., but
seems in fact to be mistaken. Burgess's account also sugpests an cxpla-
nation of the otherwise unintelligible reference in line 14 to the moon's
having zero lntitude. The Sanskrit text says that (1) takes place when
sun and moon are ont the same side of the same solstitial point, (2} when
they are on opposile sides of the same solstitinl point. As Burgess says,
this is only true if the moon has zero lntitude. B. must have been malking
the some point, but either through his carelessness, or more probably =«
lacuna in the text, the reference to the solstitial point has been omitted.
~— 11:1-2 Translate ' and their longitudes * ete. * at the equinox’ makes
no sense, and the words idi 1-i'tid@! should probably be translated ‘ when
there is symmetry '. For the terms * ascent ' and * descent ' see Xennedy
“[1] and 66:8 {f. in this work. — 11:3-4 Emend *hnudrh to al-mundira
and translate: ‘and that would be one of the signs giving warning of
strange oceurrences . — 11:16-17 The meaning is that the planet which
rises first of two planets with the some longitude must have a preater
northern latitude or n lesser southern one than the other, — 12:2-5
Translate: * had it not been for the fust thaf it was known ... the sphere
of Saturn, then if they said '. — 12:6 The value of 64 earth-radii for the
extreme distance of the moon from the earth is derived ultimately from
Ptolemy's Canobic Inscription {see Ptolemy, Opera Minora, p. 153,24),
Ptolemy calculated it as 64;10 times in the Almagest (V 15, Manitins I
p. 311)., He makes no calculations about the distance of the planets,
but the usual mediaeval method for obtaining planetary distances, which
assumed that the maximum distance of each body was exactly equal to
the minimum distance of the next more distant body, would, together
with Ptolemy's parameters for the planetary orbits, produce a result for
the minimum distanee of Saturn of the order of magnitude of the 14881
earth-radii given by B. here. al-Farféni, using that method, gets 14405
{Christmann p. 113}, — 12:12-~13 That the moon is above the sun is an
idea which occurs very frequently in early Sanskrit texts: see e.pg. Kirfel
pp- 48-49. (Pingree) — 12:19 Perhaps we should read: mannss aw kibripa's:
‘as a favour or pul of pride *. — 13:13 For the story of Alexander having
the Avesta translated into Greek cf. Bidez-Cumont IT pp. 137-8, where
Pahlavi sources ate quoted. One of those sources states that one third

Oriedalic — 5



4B G. 3. Toomer

is necessary for Lhe Jongitudinal type of transit is going in front and
falling behind only ', i.e. actual passing of one hody by another, whereas
in 6:14-16 he has been talking of one body passing the place where another
had previously been. — 7T:12 Translate: * the locality '. — 7:12-13 " coming
forward ' and * going awny ' are translations of the Greel teelinical astro-
logical terms émxvagopd and gnéudhpe, for which see Bouché-Leclereq p. 280,
In 7118, if we emend f'n to wa'in, we can translate even if’, and
nothing is missing. — 7:18-8:1 So ... above it: This makes no sense,
Tentatively 1 suggest emending wa-Id in 7:19 to fa-ld or la. Then, if
Planet A is in the 10th sign of Planet B, I paraphrase as follows: ‘ on
whatever horizon Planet A may be, by necessity it must continue in the
10th sign, for (fa—inwna) Planet Awill be in its midheaven eclevated above
Planet B, — 8:2-5 1 am doubtful about the text and translation in line
3, but the meaning seems to be that ‘' the specialists * do not accept the
mere fact of Planet A being in the 10th sign of Planet B as a reason for
saying it is more elevated; they insist that one must take iulo account
the horizon on whichk this occurs; for if, for instance, Planet A is in the
10th sign of Planet B when the latter is in the 10th house on a given hori-
zo, than Planet A will be in the 7th house and 50 * less elevuted ' than
Planet B. Inline 4 instead of ‘ according to them ' translate ' in the com-
putation of the two ' (relative sitnations), — 8:11-12 Emend wm Lo
al-'uittw and translate: ' that it is elevation in an absolnte sense ... ex-
cept on the earih, because the settled regions are in it (i.e. in the northern
region). People suppose that the north s elevated in some absolute sense,
says I., but that is only becanse the only inhabited regions of tlie globe
happen to be in the northern hemisphere, — 8:18-9:2 and 9:9-10 ' Above ’
in all these places is n translation of some form of isti'ld, and denotes
not physical position but astrological rank. Perhaps ' superior 1o ' would
be a better translation. — 9:2-3 Translate: * and although to all ap-
pearances one can cater for nll the other attributes of overpowering
by (use of} the word " elevation ", (nevertheless) they used ..... "
By 'overpowering ' {al-isttli') is meant one planet's influence being
stronger than another's; — 9:5 Emend Ls Gyl to LF 5sal and
translate: ' meaning by the word ' above '’ nearness to the north pole
and by ' below " distance from it *, - 9:7-9 The theory that a plauet
“vanquishies ' a planet whizh is farther south Is found in the Sttryasid-
dhanta NVIL 21 (Burgess p. 199). We nlso find in section 23 (Burpgess
p. 200) the statement * Venus is generally victor, whether situated to
the north or to the south’. This suggests that we should translate in
9:7-8B: ' It (Venus) is in the south stronger than fhey {the other planets)
are in the nortl '. But the translation in the text is a legitimate one, and
it may be that B. has made o mistake here, Other references lo the
theory in Banskrit texts are given by Pingree as follows: A verse of Pulisa
cited by Utpala on Varihamihira's Brhajjataka 2,20 and his Brhatsauhité
17.10; Visuudarman quotes Sdryasiddhanta VII 23 on Vidyamadhaviya
5.24; an anonymous verse cited by Utpala on Brhejjdlaka 2.90. —
9:7 bases: The Arabic is usilf, which should rather be translated: " rules *.
— 9:11 The ’ distance ' here means the difference in lafituds. — 9:11-13
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signs equidistant from a solstice (conmnected by horizontal lines in my
Tig. I}. These hawe equal hours of daylight. Ptolemy calls them laoSuve-
polvre, B. calls thean multafiga fi f~tariga in the Tafhim {p. 228), and follaw-
ing Wright there T shall translate that * corresponding in course ', {2) The
signs equidistant from an equinox (cotmected by vertienl lines in Fig. I).
These have equal sscensions. AbR Ma'Sar (5:12-13) called them mutlafiga
fi l-minfaga, which I shall tranglate * corresponding in zone . (3) The
signs which are houses of the same planet {cannected by sloping lues in
Fig. I). In the case of Cancer and I,eo, the forimer is the house of the
moon, the latter of the sun. For the doclrine see Bouché-Tieclereq p. 182 ff.

To make clear who calls what by what name, I set them out in a Ittle
table:

(m (2) (3)
Author
of the Bizidhaj c. instrength c. in ascensions €. in course
(4.12-5:8)
Ab@ Ma'Bar €. instrength c. in zone ¢. in course
{5:10-13) or
potent
al-Saifi c. in course not known bud nol Jlenown
{5:14-16) criticised
Abi Ma'sar's
‘e, in zone!
B.s c. in course c. in times c. in strength
recommendations or
(6:1-5) potent

The translation shonld Le changed at the following places: 5:12-13
Translate * corresponding in zoue, and he left the name of the third type
unchanged . By the latier statemwent B, means that Abii Ma'Sar, like tie
Birtdiaj, called (3) ‘ corresponding in course '. This is explicitly stated
in Tafhim p. 228. — 5:16 Trauslate * corresponding in zone, and hie aseribed
it to ignorance of the zones’. The note on 3:16 is wisleading. It is true
that minfagat (vocalised thus ratlier than munfagat) al-burij is used by
B, {e.p. 6:6) interchangeably with falak al-burdif for the zodine, But that
does not mean that minfaqa (' belt ') is in general a synonyin of falak
(' sphere '}, and in this work at least B. uses the word wmintaga (without
al-burflj) in only one other passage (97:12-98:9. ou whicl see my notej,
where it is certainly not a synonym of falak. Tn 5:16 the tmeaning cannot
be determined, and it is best to trausinte by a non-committal word. — 6:3
and ... ons method: Translute ' we draw them aloug a single conrse !
(tartga), t.e. we consider that they move along the same apparent path
through the heavens. — 6:6 the distance to: Read al-munsaga for s fh
and translate * which is earried along '. — 6:17 Translate ' that afl that
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cf. p. 257,35) it seems probable that they are equated with {he toavaoopa
(signs of equal rising times), which would agree with what is said here.
But it is known that tiie text as printed by Kroli is not the complete
Valens, 5o B. may be reproducing here — at third hand — a missing por-
tion of the text. The same may be said of 4:13-15 and 5:7-9, — 4:16
aspect: Though this section remains obscure, it is clearly dealing with
fremovre Db, which here, as in Ptolemy, seem Lo be equated with the
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ivoBuvetpotvre.  See Boueclhé-Leclercqg pp. 159-161. — 8:3 some of them
call the elevated one sommandant ete, Plolemy is one of these: Telrabiblos
T 15 (Boll-Boer p. 87). — 5:5 their days {are) also equal: this is patently
false, and in fact the Arabic is wmudakdfi'an, which means ' corresponding °,
i.e, the day of one is equal to the night of the other. Translate © corre-
sponding in their days ', — 5:6 This is indeed Tound in Vettius Valens,
eg. Kroll 238,12ff. — 5:6-6:5 The translation is totally uninteliepible
because ' corresponding in course ' has Leen used to translate both mullafiga
fi tHariqa and multafiga fi l-minfaga, which are quite different coucepts
for B, Three types of correspousion are being distinguished: (1) The
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Notes on al-Biruni on Transits

G. J. ToomER — Oxford

One of the most important contributions in recent years to our
knowledge of the transmission of Indian astronomy to the Islamic world
and to early Islamic nstronomy is the book al-Biriini on Transils, trans-
lated by Mohammad Saffouri and Adnan Ifram, with a commentary by
E. 5. Kennedy, American University of Beirut, 1959. In the course of
reviewing this book I made a number of additions and corrections, which
I naw offer to future readers of it in the hope that their understanding of
the very difficult text may De Lelped somewhat. I cannot ¢laim to have
Temoved all of the many difficulties which remain after Kennedy's heroic
ground-clearing operation: I have confined iy notes to those places
where I could correct or materially supplement the translalion and com-
mentary with certainty or at least some plausibility, Like the translators,
I have not had access to the manuscript, but have used the Arabic text
printed in Rasd'ifil-Birint, Osmania Oriental Publications Burean,
Hyderabad-Dn, 1948, This is & corrupt one, and I have freely suggested
emendations. I have ordered my notes according to the page and line
numbering of that text, exactly as the translators did. I refer to Ken-
nedy's commentary by the page number of the translation. All references
are to the latter work where there is no other indication. * B.' stands
for al-Biriini throughout, For the elucidation of other references see the
bibliography at the end of this article.

I am very grateful to Dr. § M. Stern and Dr. David Pingree for their
help. Some of Dr. Pingree's notes have been incorporated whole, and
are marked as his.

2:4 Instead: ‘Translate: * Except that *. In this section B. is dealing
with those configurations in which the western motion does have a part,
Le. anything to do with the observer's horizon. -— 2:17-18 * in latitude '
means ‘' when it has a latitude ', i.e. when its latitude is not zero, —
3:18-4:1 Signs equidistaul from a solstice were called, among other
things, antiscia in Greco-Roman aslrology. The locus classicus on this is
Fivmicus I 29. (Pingree) — 4:3 doubles: Read mailakwma for mt'lon’ and
translate ‘ declinations * {dual) cl. 5:4. — 4:12 The note on p. 125 is
misplaced, and should come at 4:17. In 4:12-16 B. is still dealing with
pairs of signs equidistant from a solstitial point. Cf. 4:5 and 4:16. —
4:12 There are several references in Vettius Valens to looBuvapoivra L(8ia,
but they are nowhere defined explicitly. However in IT1 7 (Kroll p. 142,27,

=3
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93:12,15, 94:19, 101:6, Astrologers, books of the,
102:1, 103:5. w179, 82:14
180, 185, 187

Argument, s 182

Argument, adjusted, 62:19.
ax 164

Auj, see Apogee
Auk {=auj}, see Apogee
Avesta, 13:12
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ON TRANSITS

comparable, compensating for Saturn's greater eccentricity.

Whotever Washallsh's shoricomings from a logical point
of view, it has been possible 1o put this second-hand frag-
ment of his labors to work, and Lo show that the planetary
equations of the center in the z1j he used, the Shbh, were
computed by the "method of sines™ ({13}, p.259),

-103:15 - 104:1. The table referred Lo here, and whish talkes
up mosi of page 104 of the text is a consolidation of tLhe
canclusions reached in 66:9 - T1:11.

104:1 ~ 106:2. This discussion, based on Figqure 18, is a

clear descriplion of how to compute the earth-planet dist-
ance for a given instant and for the Ptolemaic model. This
is to be done in terms of the defereat radius, the plangt's
mean distance. Two planets' distance may Lhen be compared,
although ne allowance is made for the fact that even with
this arrangement the maximum distances of any Ltwo planets
will differ. Tar be it from us, however, to offer an oddi-
tional scheme.

106:3 — 107:3. This is a [inal reversion 1o the transit in

latitude, first discussed in B:9-11:17. DBirunT seems to be
saylng that fer it, as in Lhe preceding passage, the maxi-
mum variations are not to be "normed” Lo & common unit,
rather the latitudes of the two planets are Lo be compared
as Lhey are.

107 :4-7, This is a closing reference to the noLion of ele-
vation with respect to the horizon. See 7:8 and the commen-
tary. The “azman"™ there rteferred Lo are qnits o0f time
obtained by putting the 360% of daily rotation equal to
twenty-four hours. Thus an  hour equals fifteen "times™.
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{the wernal poi=t), or opposite it (the autumnal point),
the argument of the anomaly would be 80°, giviang (102:19)

for bolth assump tions
' C4B0%) = S (BO°+1B0%) = 2;10°.

Al-Xhwarizmi's scorresponding entry (p. 134) is 2:11,44°.

For Saturn a value of 400" haos previously been compu-—
ted (99;16). That of the sun being in the same
we subtract:

direction

400" -~ 125" = 275" = 4;35.

Now divide (103:4) by the proper apporticning coeffi-
cient from 90:11,

275" _ 4:35(2;13) 4.4,
13994~ ~ T 837 =itk

which is the elevation of Saturn above the sun.

This added te the other two "elevations”™, from 101:7
and 102:2, gives

5;28 + 4;48 + 1;10 = 11:2s",

This is converted into time, 11¥ 5™ bd, by the engag-
ing expedient of putting twelve months equal Lo a year, and
Lhirty days equal to 3 month.

We have consolidated all these operations in the table
on page 1B0O. In the three circular diagrams we have super-—
posed the zodiacal positions ef the associated pairs of
planets in such fashion as to make their apogees «coincide,
thus forcing the sets of sectors into a standard position.
With the aid of these diagrams we note that the three pla-
nets “over" their associates are correctly placed in  the
sense that each of the three iIs closer to the apogee than
its mate. But this is the best that can be said for
Mashallah. BirunI is right in claiming that the 56&' and
67' of this second pair should be subtracted rather than
added.

The division by the apportionment makes no sense
either. If in the first couple, say, Saturn's descent of
400' had been divided by the apportioning coefficient of

1;41, this would have made the descenls of Lhe two planets
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ON TRANSITS
€©.(229°) =3;15°,
‘which is widely divergent from al-Khwarizmi's corresponding
entry (p.154} of B;24°, Perhaps the text should be restored
to [83;15°.

BiriinT alse tries putting Mars in oppesition to
Jupiter, at Adﬁ=352;44°. Then the argument of the equation
would be .

Mg — /\Af,_d. = 352:44" — 115" = 237;44°,
whence
©.(237:44%) = 7;30°,
whereas Lhe corresponding entry in  al-Khwirizmi's Loble
(p-154) is 9;27°., 1L would be plausible to restore the
Qo iseven) of the text to Cr;i(nine), yielding [9];30“

Finally BirinI tries putting Mars at the point in
opposition Lo its given position. The approximale argument
of the cenler becomes

Na= Ppp o = 164° — 115°=49",

and the equation (102:11)
€4ty = 7;1°.
Al-Khwarizmi's eniry {(p.151) is again B;24°, by wvirtue of
the symmetry of the equation funcition, since 229°-49°=jag°.
The text now passes on Lo Lthe Salurn-Sun couple.
In 102:14 the word L;Léﬂé must be restaored Lo gy 307,

Put hg= Ay=189;8°, whereupon the approximate argu-
ment of the solar anomaly becomes

ANo—Apo = 189:0° — B0 =109;0".

Although the descent MEshallah actually takes is
125" = 2;56°, Biruni says (102:17) the tabular BERLTY oppo-
site the argument is ' ' o

EED(EO‘?;B } = 2:6".
Al-Khwarizml (p.135) has
eecloq“): 2;6,18°.

Had Mashdillah taken the sunm in its prnher position
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) —_ .a-
€.(12:45%) = 1,9

whith is close 1o al-Khwarizmi's (p.144)
€(13%) = 1;8°,

By separating out the 1Lwo equations BTrunl obtains
(101:12) E.=1;11". Again the first approximation is clo-
ser to Mashallah's wvalue than is the improved versian.

For Mars the claim is 566" = 9;26 helow Lhe sector

(101:14).  Put Ag= N, =172;44°. Then the approximate
argument of the center will he

ANa— Ao, = 172:44% — 115°= 57,44°,
although BIrunY gives (101:16) 57:45°. Now
C.(57:457) = 9;27°,
the same as the entry of sl-Khwarizml
€.(58°) = 9;27°,

Upon adding the minutes for boeth oplanets the text
reports 630", although &7' 4+ 566" = 633°'. It would appear
to us that since the sectors are the same the numbers should
have been subtracted, and in this BYIrual (102:4) seems to
concur.,

Nevertheless the result is divided by the proper

apportioning coefficient from the table following 90:11 to
obtain (102:2)

633" _ 10;33(5;6) __
T896° 11 10 =~ 448,

a8 result which 1is confirmed later in the text: it is the
elevation of Jupiter over Mars.

In 102:4 we restore the text's Jeo N Lo PR - e | N

To account for Mashall3h's having added the minutes
Biruni conjectures that perhaps he took Mars as being in its
actual position, A = 344°, sipce then, insofar as the apaéee
is concerned, it would he ascending. The approximate argu-
ment of the equation would then be

Ao = /‘\Aﬂm = 344° — 115"= 229",

The text states (102:8) that then
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ON TRANSITS
whence AN = 109;0°— 1BE; 10" = 7,;49° = 469",

0{ this BiriaT now computies the magnitude of tramsit
(100:13) by putting tef. BO:10)

v;%m/\): %an- )= 75"
With this BirunT drops Saturn and takes wup Jupiter.
He rightly criticizes M&shall&h's putting the Jongitude af
Jupiter eqgual te the equinoctizl longitude of Saturn, 50y
ing Lhat by the time the conjunction accurs the Jatler will
have moved somewhat. Be that as it may, this gives for the

approximate argument of the tenter {(10i:1)

- . — — =189;8" — 160"=29.p0".
bAy = Ay~ Aapn = My~ Nan !

From the Shah 27

C029:68%) = 2,20 = 148",
which is the same as the corresponding entry lor al-Khwariz-
mi ([16], p.144)
D] o 22'- -]
E129%) 12687,

Witheut this time giving the detuils of the determina-
tion, BirunI announces as an improved value, e, =2;19°
Weither this, however, nor the magnitude of transit compu~
ted above is utilized. He reveris to Liie 148" of 101:2 and
the 400' of %9:16, adding them to get 548' = 9;8 in 101:6.

This is divided by the sppropriate apportioning coefficient
from the table following 90:11 (¢f. 90:4),

548 __ 9:8(5:6) ,
6082 ~ @37 - = 9i2d.
The text (101:7) has 5:;28, which value is conlirmed

later. This is the elevation of Jupiter over Saturn..

Now the Jupiter-Mars pair is eonsidered. BIruni
starts with Jupiter, which is alleged to be 67'=1;7" above
the sector (101:9). The appruximate argument of Lhe center
is '

Ay = A = 1725447 160° =12;44°,
slthough the text has 12;45. According to 101:11,
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A= Mgy =189:8° — 240° = 309,8".
The text (99:19) has 309", whence, says Biruni, from
the Shah Z7j ome obtains

E%(BOQ") = 6;35".
By way ol comparisen, the published version of
al-Khwarizmi's z3ij ([16], p.139) has
E%(3OQ°] = 6;37°.

Both are close to the 6;40 given by MishTl1Fh, but the
Tocalion of the mean planet is alse affected by the size of
the anomalistic equation, BIr¥n] therefore attempts to

approximate the argument of the anomuly as being (100:5}
o . . ]
Am_ hh." 3607 — 189;8° = 170;52°,
The coerresponding tabular entry is

ea(no:sz") =1;8"

to which may be compared nearby entries in
(p.143) of

al-Khwarizml

E,L170°) = 1;6°,
and Ea(ITI') = p;55".
Then
An— €4 = 189;8° — 1,8 = 188",

the adjusted center {(100:T7}). From this an improved argu-
ment of the center is

)\mw /\-%ﬁt = 188° - 240":-305".
and Lhe correspunding equation (100:9)
‘ f:L(ZiOB") = 6;41%.
Al-Khwarizmi's corresponding entry is
€.(308%) = 6;43".

An improved value for the mean longitude of Saturm is
{100:11)

Ay = 18B°— 6;41" = 181:19°,
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ON TRANSITIS

In 89:16 we restore an alif to oo-s 1o obtain aosl,
Mzshallah had evidently picked the three pairs of
ﬁlanet# associated in the table below this paragraph, why
these three we do nol know, and for each he computed the

elevation of the "upper™ planet over the "lower™.

True longitudes | Equations of | Division by .
of conjunction the center the "apportionment
2. g8’
"-‘r'l"’ 400’
teh=548]| S48 5 .
=548 - _!._aT ~ S:28
1 LY ¢
T 566
UGS | 630 _ 10,50 AR
A 231 ~4;48
L - n I89_;8' . t00'
over I m - L}
P o 1898 i25
eyl L n-e=27S5| ZIS _ 435 | .
355 =410
Z=1r6e
wste'

iIn order to verify his results, Biruni attempts to
from
the true'lnngitudes, and apparently with a copy of the ShEh
Zij at hand. He begins with Saturn, alleged by Nash@ll3h
te have AA=400' = 6:40 descending (99:16, according to the
"second apinion”). In the following we will use AN for Lhe

difference between the true and mean tongitudes, the custo-

recompute the component equatiaons, working backward

mary planetary symbols as subscripts, as well as the subs—

cripts &, €, and Ap for anpmaly, center, aod apogee
respectively.

To obtain the approximate argument of the center, put
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The book of Mashallah mentioned in 96:4 may have sur-
vived in Latin translation. (See [26], p.6).

" Concerning the "first™ and “second” g¢pinions, see Lhe
comment to 71:12 above,

The two «quotations from Wash3ll3h (97:12-18) are
indeed conflicting. The first is the usual “"second opinion”
In the second quotation the quantity, four and a half signs,
makes sense, for the magnj;ude of Venus' first velogity
sector is close to 135° ([13], p.250) which is just four
and a halfl zodiacal signs. But to take sectors I and IV as
falling and II and IIl as ascending is just the opposite of
the "Tirst opinion™. As Birunl sarcastically says, this is
a "third opinion”. .

He now proceeds to examine a worked example of a Lran-
sit computation perflormed by Mashalldh. The text gives a
horoscope, cast for the tahwil, the instant of vernal equi-
nox for the vear in which ; cerlain.JupiLer»SaLurn conjunc-—
tion occurrted. This particular year was of special asitro-
logical dinterest as being one of a “shift of the transit"
lexplained in the commenst to 6:19 above). Fer such consi-
derations each of the four triplicities was associated with
one of the four classical elements. The earth triplicity
inctuded Taurus, Virgo,.and Capricorn; the air triplicity
inciuded Gémini. Libra, and Aquarius.

" The horoscope (the ascendant} had & longitude of 140°,
and the longitudes and apogees of the four planets dealt
with are shown in the table below as given in the text.
0. Neugebauer dates the cenfiguration as being that of 20
March 333. For coemparison we show also the apugees of Lhe
same planets as given in the Suryasiddhanta known to
Varahamihira and the Hhag?nkhidyaka (09), p.xii).

The Horoscope E
. Apogees
A ShEh 01d 5.-5.
T Zij and Khand,
h 189;8" 240" 240°
3l 172;44 160 160
éd 344 115 110
o 0 80 8o
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deferent equation of Mars, since all the ratios invelving
it are wmutwally dncomsistent. The results are shown in the
second column of the table in Lhe commesntary to 05:18 above.

The "one of the (above-)mentioned opinions” (90:13)
Tollowed by ®Umar is the "second opinion™ described in the
comment to Ti:12. Here BIrunT states agsin (90:15) Lhat to
infer ascenmt or descent it is insufficient simply to com-
pule Lhe difference between the mean and true Tongitudes,
for the equation Lhus found is compounded of the epicyclic
and eccentric effects, which may appear in any arbitrary
combination, There follows a long discussion based on
Figure lb6. The circle ABJD is itaken Lo represent gither a
deferent or an epicycle. BIruni’'s statement at 92:1 is a
consequence of the fact that in the Hindu planetlary  theory
the equation of the center is computed by the “method of
sines". (Cf. the comment to 24:i9, ailse [21], p. 177).
Hence maximum equation occurs al the quadrants.

In reading 92:3-1} the reader may find iL wselui to
refer Lo the figure accompanying the <comment te Tl:12.

BirunT proceeds (93:12-93:17) to compare the situa-
lLions of twoe planets, Y and Z, located ﬁn the same ufbit.
His remarks aboul projecting them on the line of apsides AJ
make lititle sense unless he is regarding Lhe circle as an
epicycle. Moreover, since both are on Lhe same epicycle,

some method must have been in use for expanding the smaller

epicycle to the size of the larger. This furnished a clue
to the application of the table of apportioning ceeffi-
cients which follows 90:11. For these coefficients may be

regarded as ratios between epicycle radii, or between
maximum equations. Before <comparing elevations bhetween
planets having different epicycle radii, the elevation of
the planet of smaller radius should be multiplied by the
proper apportioning coefficient.

In the final passage‘(QB:lﬁ - 95:9) of " the section,
cossideration is5 given to the ascents and descents of pla-
nets in different sectors, Again the tacit assumption seems

to be that the circle of the figure is an epicycle.
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89:9 ~ 103:14. The Doctrine of “Umart ibn al-Farrukhin and
Kashallah
Ibn al-Farrxukhan (fi. 770) was one of the early Muslim

astronomers who translated scientific works from Persian
into Arabic ([26), p.7T). The quotation from a work of his
given in our text is clear enough, and we will discuss
presently the technique it describes. ©Of much more inte-
resl is Lthe table referred to in 90:10. The table iiLselrl
has been misplzced in the printed text and appears on page
BT where AbT Ma ‘shar's table of chords should be, In the
translation we have restored both to their proper posi-
tidns.

The word gngLin 90:10 has been restored to CfBTL' In
the table X1 has been restored to 9\, and ?;qé to %Lkg’

The tsble consists of what we will call “apportioning
coefficients™, ratios bhetween =all pairs of maximum equa-
tions, except that deferent equatioss are paired with defe-
rent eqhations, epicyeclic with epicyclic, In the upper
triapgular array eof the table the sunm and moon do nat
appear, since in this system the moon, like the sun, has
only one inequality inm its motion. The ratios are so cho-
sen as to bhe greater than or equal to one,and are displayed
in sexagesimal seconds <converted into decimal integers.
For example, the tabular entry giving the ratio between the
maximum deferent equations of Soturn and the sun is 13994,
meaning

3;53,14 =-3(602)+53(60)+14.

The existence of Lhis table implies that if any one
epieyclic or deferent maximum equation is kaown all Lhe
others may be computed in terms of it. Moreover, since
there are many " ratins involving any particular planet,
results can be checked several ways and scribal errors
restored with «complete certainty, Initial values for
beginning the process are-at hand, in the passage of the
text where parameters of the Shah 21j are cited. Thus it
kas been possible to obtain all of the maximum equations
used by MEsh3llah's version of the Shah ZIj except for the
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which entaiis the restoration of one digit im the rext.
" For the radius chord of Jupiter,
10;52(0;9,306) = 1;43,19,12

which involves the easy restoration of two digits.

.

ODperating in the reverse direction for the apogee
chord of Mars, we obtain ’
_ 1;47,12,006;15) = 11;10,0,0.0 .
which is the parametler ascribed to al-Fazidrd in 31:8 zbove.
For the radius chord of Mars,
40;30(0;%9,36) = 6;28,48,0 ,
which requires only the easy restoration of the tlext's Jf
Lo
The apogee chord of Venus has been disposed of above.
For the radius chord,
AT:11(0;9,36) = 7;32,57,36 .
The restoration of the Lext to this is less drastic in  tLie
abjad sexagesimals than would appear from the transcription.
For Mercury, maximum equations of 4;0° and 21;30" give
somplete correspondence with tLhe Ltext.
The ressits of these investigalions are displayed in
the first column of the table below.

AbU_ Ma®shar NMashallah
o 2:14" 2:13°
a
cont, 4:56 4:56
N e 8,37 §:37
ftramaly - 5;44
2} 5;6 56
10;52 10;52
T1:10 -
¢ 40;30 40;31
Q 2:714 213
47;11 47:11
Q 4;0 4:;0
21:30 ) 21:30

In BB:17 we testore the ,ywlul of the text to >ll.
Evidently Biruni's "due time™ (89:8) was sulficiently
delayed to carry oot hls hope, for in the bibliography of
his own works made late inm his 1ife he lists a Lreatise on
the shortcomings of AbT MaSshar's =1j. Unfortunately it

has not come down to us.
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insures that all epicycles and eccentricities for different
planets are made comparable, since all are cut down, as ii
were, Lo a standard size. .

Biruni gives a table of Wo., [or all the planets,
presumably from Abe Ma®shar's z1j. In the printed text
Lhis table has somehow had its place exchanged with anether,
and appears on page 91, We have restored it to its groper
place on page 87 . In all the entries we have restored the
text's A to J;:- .

In principle, since each entry in the table (except
fer the sun and moon) is of the form

'?%" Cpax = 0iN 36 & L = E;_qu'—emax‘ 4
division of each by 0;9,36, er multiplication by 6;15,
should present us with a complete set of Abu MaSshar's
parameters. In faet the . text, in addition +to obvious
misreadings, is rather corrupt. In some cases we will find
it necessary to work both ways in order to obtain probable
Testorations. In other cases no restoration seems feasible.
For the two luminaries we recall BIiruni's statement in
Bl:16 that the cuefficient is double the usual value. The

standard solar E%ax is 2;14°, and we notice that

2:14(2)(0;9,36) = 0;42,52,48 .
This is not identical with the tabie entry, but trial of
2;13, the only olher probable wvalue, yields a result so
different {rom the text that 2;14 seems clearly the proper
one. The same goes for the apogee chord of Venus.
For the moon,

4;56(2)(0;9,36) = 1;34,43,12

to which the text is easily restorable.

For the apogee chord of Saturn,
8:37(0;9,36) = 1;22,43,12 ,
also close to the text. ‘
For the radius chord of Saturn,
5;44(0;9,36} = 0;55,2,24
which is5 irreconcilable with the text.

1

For. the apogee chord of Jupiter,
5;6(0,%,36) = 0;48,57,36
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distunce by dividing by 2770, This conjecture is reinforced
by the use of a better approximation to T¢ in. the . 27j . of

Habash and in some copies of the Shah 27j as noted above.

85:18 —~ 89:08. The Doctrine of Abu MaSshar

Except for the final section Lhe remsinder of the book

is given over to a detailed discussion of the usage ol trwo

aslrologers, er groups of astrologers. Abu Ma®shar
first.

is the

He computed a setl of constants
-4
Yiux =75 Grax
for each planer and for both varieties of equation, the
epicyclic and the delerent. The lnax is called the "apogee
chord™ il the Chax is that of the deferent; the "radius
v ined the epi i . '
churd is obtained from th picyclic Crax
For a given instunt form alsc

= A
W=g5 €,

known as the “"partial chord" (al-walar al-juz'TI) of the
#pogee or radius depending on which equation was

used.
Notice that the two equations are treated separately,
Now

is called the "minutes of transit” (dags'iq al-mamarr).

Obvieusiy one would obtain the same rtesult by
e s . . - .
/é%mx‘ This is pointed out by Biruni (B&:17).

Assuming that the sector is lknown, the determination

of t/ gives us a measure of the planet's elevation or depres-

forming

sion with respect to its mean distance. If g7 planet
happened .to be in the third sector H=0 would indicate that

it was ‘at the dnitial point of the sector, al minimwun

distance from Lhe earth. If #=1 it would be (approximately)

aL mean distance, at the endpoint of this sector. Any

intermediote M would indicate an interior point of the
sector, and ene M larger than another would insure that the

planet in the first case is farther from perigee than in

the second. An essential poeint is that division by W&ax
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left off the froatal stroke of the imitial kaf in 22 ().
Precisely this error is noted (85:7) in the KRfI 2Z1j, a
"work otherwise unknewn to us, -

.The proverbial expression in B85:6 has a play on words
between aghrad, "more strange”, and ghurib, "crow”.

The table mentioned in 85:9 is probably just a multi-
plication Lable giving in sexagesimals

Hﬂ:fg—ﬂ = ;96,346 n, n = 3.2.3.----59;

This would be a convenience in computing magnitudes of
transit,

Having looked at mll the variant methods of what is
essentially the same operation, it is5 well to ask the
reason for performing it. A clue is given by 79:13, which
says that magnitude of transit is the amount the planet
rises or descends, presumably away from or toward Lhe
earth. If we restrict consideration e & planet ian a
single epicycle sector, say I, then the difference between
its mean and true longitudes is indeed s (non-linear)
measure of iLs descent from its apsidal position of wmaxi-~
mum distance. Onee the planet has passed inte sector II,
its equation is a measure of its nscent from the perigee
position it is then approaching, and so on.

This does not explain the coefficient K, and for it
we have in fact no satisfactory explanatien. The most
fruitful suggestion has been made by 0. Neugebauwer, who
remorks that Sé-is an attested Babylonian approximation to
the number 7. (Cf.[20], p.47.) Using this, our formula
for magnitude of transit becomes -

ke:-ﬁ%.

As we have seen frequently (e.g. in 32:1 £{.} it  was
customary in Hindw astronomy to fix the sizes of epicycles
by giving their circumferences in degrees, where a degree
stands for the 360th part of @ planet's mean orbit. The
inventor of the transit in thickness concept may have

sought to transform his circumferential & inte a radial
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According te some “books of the astrologers” (B2:14)
ﬂhﬂ_ -.q)
166 * 15 (7). -
although in some cases (83:1)

33
216" 216 _ 3;36 _ 95 _ 18
(F g~ = 5 !

57 5 =75
was erronecusly put for the second ratio, 18/25.

ART AT (B3:5) is unknown to us, He garbied the
above rule to . ' ’ o o

k = -40 18

while Mashillah's books sometimes had (83:7) successive
corruptions of

40 _ 160 . 60 _ 15
50 ~ 160 " B8 ~ T -
Al-Farghani was also one of the asironomers of

al-Ma'min ([26}, p.1B&). The passage concerning his rule
(B3:15) depends on the fact that

Kk = -.é—g—=0;9,36 = 9%- = 576" = (40)(2)(6)"

expressed in sSexagesimals. 1I:t looks as though the division
by five (83:16) is redundant. Concerning “elevation™,
the comment to 26:4 above.

In B3:15 we restnrq}aﬂ\Luhpéﬂ,"excess" or "difference”
hetween the mean and true langitudes. If this difference
is. in minutes, multiplying by (42)(2)(6) will indeed give
Lhe result in thirds (minutes times seconds} as B3:17 says.

Concerning Ibn al-Bazyar (84:15), see the comment to
10:17 above.

s5ee

For Habash {cf. the comment to 22:13) the rule is
(84:17), -

k= (=h
In the Berlin version of this 23] (15 in [14].f.114v) there
appears a short section on the transit. In it the rule
says 1o multiply the equatien of the center by T/12.
Probably the 12 () is the result of some scribe having
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In B0:5 is the first mention of the Jewish astreleger
Messehalla, known in Arabic as Mash3llah (more properly
transiiterated M3 shd' Alldh)  ibn Atharl al-Basri, who
flourished at The eighth century Abbasid court in Baghd3d.
His fame was second only to that of AbE Ma®shar. The son

mentioned in 6€3:7 above is otherwise unknown to us. See
(261, p.5.

B0:8 - B5:17. Magnitude of Transit.

In this passage Birin] describes voriant methods of
cemputing the “magnitude of transit™ (migdiar al-mamarr), 8
concept introduced in 79:13 above. It is determined by
taking the difference between the planet's mean and Lrue

.longitudes and multiplying it by a coenstant, k.
In Bu:il the constant 15 determined by putting

=1 =4
k = Al = 55 -
q

AbBuU  Ma®shar's predecessors (B0:12) obtoined the same
thing by setting

& =8/50.

The rule (B0:16) common to MBshallah {ef. BO:5 ahave),
the Shah ZIj (cf. 24:7), and al-Juwzaharl is

k = 800 360 _2 18
3600 ° =

0
The zij of the latter individua

L =}
-0

25
is otherwise completely
unknown 'to us. Deletion of & single letter.in his nzme
would make it al-JawharI (£1.830) one of the astronomers of
the caliph al-Ma'mun, and 1o wham a =zIj is attributed
(L14l, p.136.)

The practise of Abl Ma®shar (cf. 5:10 sbove), is to
put, for the planets (81:13),

_ 2 36
k = - - Eo -

For the sun and the moon, however, he put (B1:17)

k=4 36
9 50 °
for reasons which neither we nor Biruni can explain,
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is wuscending; if C) < C) it is descending, and when

(D) = () it is at mean distonce. This arrangement is so
patently absurd that for Biruni to marshal a page of text
+p refute it

and the elaborate Figure 13, seems, as the saying goes, like
sending a man to do a boy's joh., Be that as it may, several
examples are exhibited in which the rule fails. For
instance, when the planet is éL M as shown (75:14) its
epicyciic equatien is zero and its equation of the center
talf the maximum, or less. Clearly now C) < Cj , whence,
according to the rule, it i5 "descending™, i.e., at dist-
ance less thWas the mean. In point of fact it is at a
distance greater than the mean.

In 14:11 we restore Lhe Jﬁ of the text Lo:g!; in 76:8

C}})ﬂ\of the text is restored to plydb,

77:3 — 70:165. Al-Khazin ([14), p.137) was a fairly well-

known scientist of Khurasan who [lourished in the middle ol

the tenth «century. His ecriticism of Abw MaCfshar and

Biruni's criticism of him are equally obscure to us.

T0:16-80:7. A5 remarked in conncction with 72:18 abave, iL
was believed that any given planet exerted an influence on
planets in aspecl with it by casting rays, missiles as it
were, upon them. This passage indicates that it was custo-
mary to modify the poinlL of incidence of the ray depending
un the casting planel’'s distance from the earth. The appli-
calion of the ductrine, however, was not unifoerm. In T79:1,
for instance, it is indicated that when the planet is at a
gistance greater than the mean the ray is shortencd: That
is, the place it strikes the ecliptic is nearer the posi-
tion of the casting planet than if the latter were at mean
disLan:e.. When the earth-planet distance is less than the
mean the effect is the opposite, the ray is lengthened.

On the other hand,in 79:19 if h’ﬁu which says nothing
about the earth-planet distance, a ray cast forward 1s Lo

‘be lengthened, while one projected backward is to be short-
ened.
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of asironomy 3in which there was enly one equation per
planet. This seems Lo be the case in the discussion of
92:3-7 below. .
. In péssage 72:14-1T is the first juxtaposition of the
two conflicting "opinions™ regarding ascent and descent.
According to  the "“first opinion™, encountered already in
I5:10 and 5%:9 above, a planet is siiii (here "higher")
whenever the length of its radius vec;or exceeds its mean
value, This will sccur when it is in (distance) sectors I
and IV. In sectors IT and III it is habit (here "lower™).
According to the "second opinion“-Lhé planet is satid,
"ascending™, when tie length of tLhe vradius vecL;r is
increasing, and this is the «case in sectors IFI and IV.
When Lhe vector s length is decreasing the plamel is ﬂégit,
"descending™, which is the case in sectors I and II. ’
The situation is displayed graphically in Lhe figure
en page 108 for both the epicycle and eccentric hypotheses,
In this comnnection, see 92:10 below,

73:4-B.  This passage makes little sense to us. Ir it
could be read "the mean of eamch (inferior planet) is the
sum of the sun's mean and its {(the sun's) eguation®™, all
would be well, but the text is unequivecal.

As for 73:5, the difference between the mean longi-
tudes of the sun and a superior planet is indeed Lhe pla-

net's mean anomaly, but the reference here seems to be to
the inferior planets.

73:9-74:1. Here BirunT voices precisely the criticism which
we have made in Lhe comment Lo 71:12 above.

T4:2 - 7712, In order somehow to take both equations into
consideration, Abu Ma“shar (see 5:10 above) adopted Lhe
following expedient. He formed twe numbers; D a constant,
Lhe arithmetic mean of the two maximum equations, and, @ a
variable, the algebraic sum of the values of the Lwo equa-~
tions at the instant in guestion. If () > @ whe planet
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the mean iongitude and Lhe anumaly.' Te pul Lhe same state-
ﬁenL differently, the location of the planet with rtespect
to tLhe kecpu;s; buLh 6( Lhe defefeﬁt ﬁnd pﬁe_epicycle. is
relevant. ' ] . .

The rule given in T1:19 ignores these difficuwlties by
sa&ing thal if A < A the planet is ascending, i.e. receding
from the earth; if A > A it is descending.  These conelu—
sibns are valid for a planet having an epicycle alene;  the
effect of the eceentrie deferent 15 just the opposite.
Since for most planets the eetcentricity ds small, perhaps
it was neglected, or this may be an additional piece of
evidence pointing to the theory that the origimal "users

of the transit™ were cperaling with a pre-Ptolemaic variety

™} Opinvion

\

LT Gower)
lower) 10
JI\_\\' //_
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developed (see B:10 abeve and the comment) of north as

connoting “up". The “inclined heaven” (al-falak al-ma'il)
"i5 the plane of an orbit which is -slightly inclined with
'fespect to the ecliptic. The plane of the inclined heaven

intersects the celestial sphere in a great circle which in
‘turn  intersects the ecliptic in a pair of points, the
ascénding and descending nodes. Apparently the latitude
sectors are the four quadrants ef this great circle which
commence with the ascending node and proceed from west to
east overhead. The latitude will be increasing (in abhso-
lute value) in sectors I and III and decreasing in the
aother two. It will be "ascending™ (i.e. proceeding north-
ward} in I and IV and “descending™ in the other twa.

71:5-11, In like_manner the ecliptic is divisible into
four sentnré by the four astrological centers (see ihe
comment to 7:4 above). Their manner of numbering is des—
cribed clearly by the author.

The results of this whole section op "increases and
decreases™ (66:9-71:11) are displayed in the table which
appears on page 104 of the printed text (ocur page 1i6).

T1:12 -~ 73.3. llere begins the detailed discussion of the

transit in thickness, a topic to which the consideration of
sectors has led, and which will take up most of the remain-
der of the book.

The planets were thought of as being confined, each
within one of a set of hollew, concentric spherical shells,
Since 1the shell of Venus, say, was inside that of Mars,
and separated d{rom it by intervening shells, the radius
vector of the former could never equal, much less exceed,
that of the 1latter. Hence Venus. could never actually
transit, i.e. cross over, Mars in the sense of thickness.
It was customary instead to compare the radius vectors of
Lwo planets relatively, each with respect to its own maxi-
mum  and minimum distances (71:15). The situation is com-
plicated by the fact that the length of the radius vector,

like the +true longitude, is & function of two variables,
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the motion with respect to the tenter of the universe, and

conversely to speed it up in the remaining two sectors.

69:9 - 71:2. The planetary models differ from that of the
moen in twe respects. For ong Lhiqg the rotation in the
epicycle is in the same direclion as thst around the defe-
renl, hence the epicyclic motion actelerates the latter in
sectors I and IV and decelerales it in the other sectors.
But further, the deceleration for all the plasets i5 so
drastic as to cause each to become retrograde for a while
in the vieclnity of ‘the epicyclic perigee. In this passage,
Biruni recites the sequence of events as the planet passes
through the epicyclic secitors in succession. In 70:2 we
restore gU' of the text to gy, L.

He mentions a second time (70:4, «cf- 16:1 above) the
primifive explanation of the planetary retrogradations as
being caused by halters, which ‘here he speaks of as extend-
ing from each planet Lo the sun. Thus stated, the notion
has much to recommend it,and we too can think of the retro-
gradations as consequences of @ restraint exerted from the
sun - the pull of its gravitational field. .

Since BIrini considers the absolute value ol the
equation (ci. the comment to 68:5 above), his statement
here (70:17) to the effect that ihe epicyclic equations are
inereasing in the first and third sectors and decreasing in
the onthers is valid.

With the "computation™ (cf. 68:6 above, and the com-
ment), on  the wather hand, the sign . of the equation is
taken Inte consideration. Now the epicyclic and deferent
effects are opposite, since in the first and second epi-
tycle sectors the equation is additive, and subtractive in
the third and fourth.

As with the deferent sectors, the apparent diameter of

the object is less in secters I and IV, and greater in 11
and IIT.

71:2~5. In referring here to increases and decreases of
latitude BIrtin] wtilizes the comcept he has previously
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diameter, but of the portion of the lighted face whiech is

‘turned toward the earth.

67:14 ~ 6B:12. Turning next to the velocity sectors the
aulhor observes that angular velocily is a minimum at the
apugee, maximum at perigee, and monotonic in between in the
sense that it iI5 always increasing in sectors I and II and
decreasing in IIL and 1V. o

In 68:1 we restore gﬁﬂof the text Lo SJUL,

Birunl states (6B:5) that the equation 1is increasing
in odd-numbered sectors and decreasing in the others, and
that the statement applies both Lo deferent and to epicycle,
seclors. We would say under the same circumstanmces that

the equation was iacreasing or decreasing in absolute value

For the deferent (but not the epicycie) sectors the
“"computation is diminished” {68:6), meaning, as we would
pui it, that the correction to be added to the mean longi-
Lﬁde is negatfvu in sectors I and II. In the other two it
is positive.

Birunl seens to share our uncertainty as to the mean-
ing of "npumber™ (2l-Fadad} in 60:9. In tabulating a funec-
tion havisg a period of 360" and symmetrical about 180% it
was customary to enter the arguments in a pair of adjoining
columns, each known as “the column of the number™ (satr
al-“adad) from 0" to 1B0® down one, thence back up the oLhér
to 360°%. This may be what is meant in 68:10, Many zijes
ave tables of functions giving reciprocals of the distan-

ces from 11he center of Lhe universe to sets of points on

the deferent or epicyctle. Perhaps thils is the meaning of
bo:11.

"60:13 - 69:8. Since the rotation in the lunar epicycle is
contrary to the rotation in the deferent, the effects of

the former resemble qualitatively the solar motion., Feor If
the sun's eccentric deferent were replasced by a suitable
epicycle, rotation im it would likewise be opposite to that
of the mean motion. In beth cases when the object is in

sectors I and IV the epicyclic motion tends te slow down
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the mean and anomalistic motions are independent variables,
and to assume that the moon is in comjunction is to assume
nothing whatsoever ahout the value of the anomaly.

64:19 ~ 65:2. This approximation to the anomalistic month,
3?a 13;20h ---“=2’_1';33.?_0'1 is o ;rude_ﬂabylonian parameler.

65:7-18. Here Birinl resorts to 5aTcasm, as was RUL URCOm= -
monly his wont. 1In 65:11 we have restored sl to goi.
The sentence beginning in 65:180 is unintelligible to

us. The wurdepbﬂroccurs also in 61:12 where we have trans-

ITated it as "tides”, perhoaps with no good reason.

65:19 - 66:08. Here Biruni concocts a way of making sectors

I and IV for the sun smaller than 11 and IXI1, as stated in
65:6. I, for whatever reason, the deferent is5 divided
into quadrants as shown in Figure 12, then the guadrant A8
will subtend less than a right angle at B, That is, when
R=UU°, A<;90°. If now the seclors are regarded as arcs of
the "parecliptic™ (not shown in the figure, ef. the comment
to £8:12) rather than ol the deferent, sectors I and IV will
he exceeded by II and III. In 66:6 and 66:7 we again
restote Ad. in the text to =,

66:9 - 67:13. This is the opening passage of a considerable

section, which reaches to T1:11, ond which describes Lhe

physical attributes implied by the presence of a celestial
body in a particular sector. The author deals First with
deferent distance sectors, stating that insofar as briﬁhtu
hess is concerned, the object will be at a minimum at
apegee, maximum at  perigee, and .will be increasing .in
brightness (since it i5 approaching the earth) in sectors I
and II, and decreasing in III and IV. This is based on the
assumption that brightness varies inversely with distance
from the earth; it ignores the phases of the planets, and
iL neglects the effect of the epicycle. BIruni likens this
to the waxing and waning of the moon, pointing out that in

the case of the latter it is net & matter of the apparent
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63:10-13, Concerning the oplanetary deferent sectors see
(13]), pp.249-251, and the comment to 55:14 abave.

63:14-17, The statement that only epicycle sectors are
used for the moon swupports our theory thet the doctrine of
sectors wss developed in connection with a body of astrono-
mical theory in which as in the Hipparechian and Hindu astro-
nomy,only ene lunar equation was dealt with(cf.47:13 above).

Birini's statement is a reflection of the fact that in
the Ptolemaic lunar model (L2401, pp-192-194) the distance
from the earth tp the epicycle center is not a function af
‘R, but of the mean elongation, h 58y, the difference
between the lunar and solar mean lengitudes. The double
elongation is 2Y¥ . The epicycle center will be at deferent
dpogee when 21 = 360° (mean oppositien), and when 2n = 720°
(mean conjuncrion}. It will be at deferent perigee when
2p = 180" and 270° (mean quadrature}.

For a discussion of the lunar sectors see [13], p.252.

63:18 — 64:6. Here BIrinI apparently reconciles himself to
un approximate determination of the epicycle sectors for
the Ptolemaic planetary models., The method he advances Is
not c¢lear to us but evidently it is dn effort to make the
deferent egccentricity modify the epicycle sector bounda-
ries. The wuse of half the equation of the center for Lhe
sectors reckoned according to the “"first opimion™ {mean
distance) may be a consequence of the fact that that thalf
the maximum epicyclie equation (or haolf its sine) is used
in determining the boundaries of the GEplcycle distance
sectors. {(See the comment to 41:2.) For the "other
opinion™ i.e. for sectors reckoned according to mean angu-
‘lar velocity, the eatire equation of the center is used in
modifying the epiecyele sector boundaries, ‘

b4:7. This dndividual is otherwise completely unknown to
us.

64:12-17. Birinl is, of course, right. The arguments of
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is opposite that in the deferent.

With the planets the .effect . of the epicycle is 50
marked as Lo reverse the direction of advance of .the planet
as viewed from the earth, «cawusing it for a time to retro-
grade. The instants at which the angular velocity vanishes,
either in passing from direct iu retrograde motion, or from
retrograde Lo direct,are known as stations. BIrind suggests
(61:7) that the corresponding points on the epicycles might
better be taken as sector boundaries instead of the
of mean angular velocity.

peints

62:2-6, This passage is a graceful tribute from one great

scientist teo a greater, and tp which we can only add a
fervent amen.

62:6-14. BIiruni's ruwle is here
90°+ 5in~ M4sin & )
max
as in the comment to 20:11. By "first opinion™ he designates
the distance sectors, as distinguished lfrum the

velucity
S5eClLors. The "unmodified ar ument™ is of course l\
8]

62:15 - 63:2, The rule for the end of the first velocity
sector, the "secand opinien", is

A= 90"+ Cnax"
As Biruni says, the same point is morked by A= 9p",

angle AHB in Figure 10.

63:3-10. Here BIruni mentions the manner of treating
sectors in 3 number of zijes. All the tables of sectors
available to us have been discussed in T[137%.

In neither of the extant versions of the z1j of Hahash
(L14], pp.152,3) are there any sector tables. The séme is
true of the single version of Kushyar's =3j (9 in [14))

examined by wus. The summaries referred teo in the passage
are not extant,
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58:11 - 55:9, Here Birun] tacitly makes use of the facts

applied above, namely that maximum (or minimum) equation
»-implies mean angular velocity.. Now the application is to
fhe epicycle rather than to the deferent, If a simple,
non-eccentric model is wused, a tangent (ZD in Figure 11}
to the epicycle from the deferent center marks the extremal
epicyclic equation, angle %zD. Hence when Lhe planet, in
its course around the epicycle reaches D, its angular velo-
city as viewed from D will attain its mean value. Biruni
points out (59:3) that the opoint 5 in the epicycle of
Figure 11 cnrréspnnds to B in Figure 10.

With the full Ptolemaic model the center of the uni-
verse is displaced to the eccentric position H. Then the
maximum epicyelic equation will be angle LHK, LH having
been drawn tangent to the epieycle. The arc KEL then gives
the magnitude of the T[irst "adjusted™ epicyclic velocity
sector, while arc “HD is that of the first (or fourth}
"mean” epicyelic veloéity sector.

59:9 - 60:6. Here BIiruni classifies the secLors a5 has
already heen done in the commentary to 15:B8. Sectors I and
IV are "ascending" (5351!). IT and III are "descending"
(hibit), )

In 60:2 we restere the sin of the text's asfad tLeo a
sad, making the word asfad.
) The facL that §§i£ may mean either “higher™ or “ascen-

ding™ may explain the amhiguity in terminology.

60:7 - &1:10. Here Biruni announces s preference for the
(mean) distance sectors rather than for the velocily sec-
tors just defined. His reason for the opreference s not
clear to us, . .
He remarks that since for the oplanets the direction
ef rotation in the epicycle and in the deferent are the
same, the maximum angular velocity (disregarding the elffect
of the equant) will occur when the planet is at epicyelic
apogee. This situation is reversed with the Ptolemaic

moon, since the direction of rotation in the lunar epicycte

163



ON THANSITS

situation equivalent 1o the solar motion in Prolemy's
-planetary . theory, an object moving at constant speed in @
circular orbit ABJID, the center of which (Z) is slightly
dispiaced from the observer's station at H. A A, and e

v [}

hove the meanings defined in the commentary to 18:12 above.
He correctly asserts (in 56:2) that the angutar velocity of
the object.as viewed from H will have a minimom aft  the
apogee (A} and a maximum at pefigee td). °At the same
points the equation (€} will bhe =zero. Further, the end-
paints, B and D, of the chord pevpendicular to A} through H
ire the poincs at which the angular velociiy of Lhe object
attains  its mean value (56:4). Al the samg positions the
equation (8} is meximum and minimum. Put in modern Lerms,
if e is regarded as a functien of time, then, using the
cusiomary dot motatioen for derivatives with respect to time
since A = ;\-——-e, A=A—é. Then, when @€=0 iwo simelitancous
consequences follow: (1) k=;z. and (2) € has a maximum or a
minimum.

These facts (or their equivalent) were welleknown Lo
the Islamic astronomers, and Lhey Varn selt forth in the
Almagest. Nevertheless BirunI tLakes time Lo show carelful-
Iy (506:9-58:2) that the maximum equation does occur at o,

The four points A, B, J, and D are made the initial
points of the first, second, third, and Tflourth deferent
velocily sectors respectively (56:14),

In the Ptolemaic theary the sun is the enly celestial
ebjeci o which this model was applied withoul modilica-
tion. For the planets, Prolemy found it necessary Lo assume
that the center of the epicycle moves en Lhe deferent in
such fashion that its angular velocity as viewed from T,
rather than frem Z, is constant. T is the equant cunte;,
sv placed on the line of apsides Lﬂat TZ = ZN. :

Under these circumstances R, Lhe.mean longitude, will
not he measured a5 shown on the figure, but by the angle
ATH. BIruni claims (58:7) that the point giving maximum
e&;nLian will still be B, but this is wrong. In fact, with
Lhe eguant model, maximum equation will occur a quadrant's

distance along the deferent from A. ({(cf.[13], p.2507.
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Concerning Ibn al-A€lam see 23:2 above. His maximum
epicyclic equat ions make up the second column in our table.
: Other paranseters of the Shdh Z7j have been listed in
the comment to 30:10 - 31:0. In the third column of the
present lable we 1list the maximum epicyclic equations as
given in this passage, with the variants BIrunl notes
entered in parcntheses. To this z1j, to ABT Ma®shar, and
to al-Khw2rizm3 we will revert 1in connection with the
tables on pp. B7 and 91 of the text.

Ya®qub ibn Tariq is mentioned im 30:11 abuove only to
state that his m;ximum planetary deferent equations are
those of the Shah 21j. Apparently two of his maximum epi.
cyclic equotions differ frem those of Lhe Shah; for Jupiter
he has 10;30°, and for Venus 46;16°.

Al-SarakhsT is mentioned in 23:15 abaove.

For Paulus our text gives the circumferences of the
shighra epicycles (ef. 31:17 above). These are displayed
in the fifth column of our tabie. For comparison we pive
in the preceding column the circumferences common to Lhe
Khiandakhidyaka and the. Siryosiddh@nta of Varshamihiras
([Qj: p.xii). The text also gives corresponding meximum
equations, with Lthe now familiar method {see the comment Lo
3l:17 above)}

Chax~ 7 =

5718 . bhi1;18 — .
30 © T g © T Bi9.33¢c

of converting between them, The last twe columns of the
table give Lhe text values for Crax and the results of our
computation, Tt will be noted that, except for Venus, the
correspondence is close.

We can only -regret that B8¥Iruni has been unable to

give us Lhe shighrs as well as the manda equations Tfor
other Sanscrit sources olso.

55:14-58:10. BIrini here reverts to the subject of sectors.
He reminds wus that he has already dealt with the (mean)
distance sectors (see 15:8 and the commentary above), and
now seeks to define analugous entities based on the angular

velocity of the planet. Figure 10 tacitly assumes 1
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52:10 - 53:2, Here BIrini explains the variable eccentrici—

ty Ptolemy worked out for Mercury. . (Cf.{20], p.200.) The

deferent center is carried about on the small circle shown

in Figure 9. In all circumstances the eccentricity is the
distance {row the center of the universe (H} to the defe-
rent center. A general position of the latter jis shown at
Z, and BirinT explains how to determine HZ. . Since KD=DT
=TH =3, the extiremal eccentricities will be 3 (= HT) qn&
8 £= HK) as given in the text. . )

53:3-6. This passage gives the second sel of parameters
required, the epicycle radii. The numbers in the text are
shown in the third column of Lhe table ahove. All are, as

Biruni says, from the Almagest, provided we restore the
value for Mercury as shown.

53:6~55;13. This is a section of great interest im that it
gives several sets of maximum epicyclic equations, some
mentioned nowhere else in the literature, As BIrini remarks,
these follow from the magnitudes of the epicycle radii, as
has been demonstrated in the comment om di:2 ahove. The
first column of the table below is the set BIrunl attribu-
tes to Theon's Canon, no doubt the Piolemaic Handy Tables.
They are the same as these found in the Almagest ([23], ed.
of Halma, vol.ii, pp.301-309) except for that of Venus, for
which the Almagest has 45;57°. The corresponding values in

al-Bottani's zIj (18] are identical with those of our text.

Paulus
' Shighra epleycle

ngsgns i’i?agln Shah Z71j circumference E_pi(_yl:lic =S
Khond [ Text | Text |mpated

n 6;13° 5,48° 5;44’({':3{?'51 40 | 40 6;29] ;22
2 | 1153 11;3 |1o;52 72 72 | 11;32{11,28
3 | 419 41:;9 [41;30 (~0;1) 234 | 255 | 40;32(40;35
2 || 45;59 46:8 | 47;11 (-0; 1) 260 | 290 | 45;15|46;10
8 | 222 22.22 {21:30 (-0;0,30)| 132 | 135 |21;36|21;29
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PF is the pmaxipmm epicyclic equation for zero eccentricity,
for small d|

- PF = Sin_'1 -g- =2 Sin—1

A
T
This presumably is the “arc of the chord™ (50:3 and 50:17).
But this is the sort of thing for which Birini so severely
criticizes AbT MaSshar.

In 50:8 the rveference is probably to the interpolatiaon
function computed by Ptolemy to modify a planetary equation
computed for an extremal (or mean) earth-planet distance to
take account of the fact that its nctual distance is some-
where in hetween the extremals.,

The rule of 51:13 seems to  say that for = geners:

situation the elevation A (or depression) is

_ b
h = Z(max h),

where & is the deferent arc from the epicycle center to the
epicyele position for meximum elevation, and A is the defe-
real are between Lhe epicycle positions of maximum eleva-
tion and zero elevation.

51:19-52:9, Biruni now gives one of the two sets of para-
meters which would be needed to carry out the calculations

indicated in the preceding sections, the deferent eccentri-

cities, They are shown in the first column of our table,
Eccentricities
Epicycle
. Text Almagest nodii
L 3,;34 3;25 6:30
al 2:41,30 2:45 11;30
a 6;33, 30 6;0 39;30
¢ 1;15 1:15 43;10
g1 309 | 3 to9 2[2]:30

He claims they are from the Almagest [23], but ° the actual
Almagest eccentricities differ from them for all three

superior planets. We are at = loss to explain these dis-
crepancies. ’
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~47:13 - 51:18. In this las: passage dealing with the epi-
cyclic distance sectors Birund concerns himselfl with Lthe
Telation betwéen the sector boundary and the intersection
of the epicyele and the deferent {or various opositiens of
the former. Much of what he says seems obScure, and paris
of the text may be garbled.  Apparently he is working
toward a quick, approximate method of finding the dnitial
points of .the sectors, for @ general position of the ‘epi-
cycle, which involves less labor than the direct Computa—
tinon outlined in the preceding passage.

The entire discussion, from 33:10 to 51:18 seems arti-
ficial and somewhat pointless, since it is never applied,
either in this text or anywhere else, to our kmowledge. It
seems vreasonable to conjecture Lhat the doctrine of "tran-
sits"™ and "elevations' was a holdover from some earlier and
more primitive scientific milieu in which eccentric orbits
and equants were unknown. If this was Lhe case it is not
surprising that BIrEnI should have had difficulty in
attempting to apply to it the complete Ptelemaic planetary
Bpparales. '

e claims that the maximum "depression™ (AL im Figure
8) of the seclor boundary below the deferent will ocour,
not when the epicycle center is on the apogee, but when the
epicycle is so located that a mean distnnce position an it
coincides with L. The latter point is the intersection (on
Lhe apogee side) between the locus of mean distance posi-
tions and the line of apsides. Biruni describes how to
compute this “total depression™(48:11, al-inhitit al-kulll)
in 2 manner analegous to the determination iu; ‘the .other
cases. The usage is analogous to "total sine"{sinus totus,
al-jaib al-kwlli) for the sine of ninety degrees.

Biruni next remarks (48:11) that when the epicycle
cenler is ail F the depression will be zero.

In like fashion he shows how te compute the "total
elevation™ arc TP. 1In 49:8 we "bave made a conjectured
resloration. A‘little tampering makes some sense of tLhe
passage, but not much. Let the epicycle diameter be d and
use the fact that radius KF is perpéndicular to ZX. .Since
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to our expression ahove for AM.

In 43:i0-12 Birinl rightly points eut that AJ/BH#=BM/MA,
rather AJ/AB=AB/AM. If the first expression were an equa-
lity we would have ' )

wpo D2 _ BRC
T Al 2k

i.e., BN seems to be what AbU Ma®shar means by "Sin p".

43:16 - 44:146. In this passage Lhe general Prolemnic model
is assumed, that is to say, the center of the deferent {in
Figure 6} is displaced from H, the center of the universe.
Two extremal positions of the epicycle are considered, those
at maximum and &t minimum distance from the center of Lue
universe. For each of these BIrun] shows that the [irst
epicyclic distance sectors, arcs KDB and YST respectively,
are computable in terms of the parameters of'Lhe particular
planet, the eccentricity and epicycle radius. Ilis explana-
tion is straightforward and requires no commesat.

We note, however, that he gives to Lhe arcs 0 and TS
the name “"mean depression" and “mean elevation™ respectiveiy,
they being the increase or decrease in the size of Lhe
first sector caused by the eccentricity of the deferent.
BIruni points ont that only at these tLwo special epicycle
positions is the corresponding mean distance position on

the other side of the epicycle symmetrically placed.

45:1-47:12. This passage discusses the determination of the
first epicycle distance sector for a cempletely general
position of the epicycle on the deferent.

In 46:2 we have restored ;yail of the text, which makes

no sense, to %é}‘, the masculine Zform of which occurs in
the next line.
- Assuming as given the "mean center™ of the planet (the
mean longitude measured from the apogee, angle ATB in
Figure T}, BIrunl shows bhow to compute KD, the firs£ epi-
cycle distance sector, in terms of the epicyclie radius and
the eccentricity. ‘
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F8° = WA® = ZA.AS = 2Zh.¥ SA = AK.AD.
From this foullows the similarity of triangles : BAM :and
JAB, and, JAB being a right triangle, so0 also is BAM. Hence
BM is perpendlcular to AS. 5Since
ZA AB.

=

AB(= A} — AS :
the triangles BAS and BAZ are similar, whence, ZB being
equal to AZ, AB = BS. ’ ’

From this,
i 2

I
2k
where 1 and B are the radii of the epicycle and deferent

ko
n
~
=)
>
=

i =-_1€-:_r_, or AM=

=

respectively. S0 the magnitude of the first epicycle
distance seclor is

90"+ DB = 90"+ Sin;1 AW = 902¥5in;1(§ A = 90"+ sing (5

= 90'+~5ini1(%~sin € ux)
since for the epicyciic equation Si"R er“x:r.

The rTesemblance of this expression to that from 20:11
is not surprising inm view of the {fact that an seccentric
deferent modei with no epicycle is easily shown to be
equivalent to this arrangement. The rule as given by
8irunl in 43:1-2 is valid provided that the sines Lhere
mentioned are with parameter T

He is ot peins to point ount that since M 1Is the mid-
point of AS, B cannot be the midpoint of DH, or, B8s we
would put it )

sin % 8 + % sin 8.

This is the crux of his criticism of Abu Mo®shar's
rule, Just as in the case of the deferent egumtion in 21:3
above. "In this case the criticism is more valid, since for
many planets the epicycle radius is a large fraction of the
deferent radius. The approximation % sin 8 = sin % € then
deteriorates.

In modern symbols AbY Ma®shar's rule (43:6) is

2
90° + 51n"1(i§1511l-1.

Note the resemblance in the argument of the inverse fumction
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here H, L,and Y respectively, of these perpendicular bisec-
tors with the wmean distance locus, give wmean distance

‘positions of the epicycle center,

38:3 - 41:2. This final passage of the section .on wmenn
distances deals with all the planets other than Mercury.
The reader desiring an explanation of the Ptolemaic plane-
tary model may consult J20] {pp.198-200). Again (on Figure

4) the mean distance locus is & circle {LDS*B) with radius
equal to that of the deferent (ADHB) and center at the
center of the universzse (H). When tﬁe epicycle center is at
the apogee (A), mean positions of the planet vccur at 5 and
M; when it is5 a! perigee, mean planetary positions are at §
and €, A mean position of the epicycle center 15 at B:
For this situation mean planetary positions will be at N

and W. A general position of the epicycle is not shown.

41:2 ~ 43:15. B8iruni now commences the consideration of
maximum epic}clic equations and the related topic of epicy-
cle sectors (cf. 15:8 above). He begins with the simple
vase of an epicyele carried at constant speed around @ nop-
eccentric defereant, Under these circumstances maximum
equation occurs when the planet is at H (in Flgure 5), the
radius vector ZH f{rem the center uf-the universe to the
planet then being.LangenL‘to the epicycle. The planel will
be at mean distance {rom Z whenever it reaches a point of
intersection between the deferent mnd the epieyele, B for

example, The first epicycle distance sector will then be

arc KDB, and the author's present objective is to obtuin =zn
expression for it in terms of the maximum equation, are
AL = eﬁax' This done, the boundaries of the other sectors,
.indicated by Roman numerals om the figure,follow immediate-
ly. In pursuit of this sim he directs (41:9) the dropping
of perpendiculars HS and BM on KJ. In the case of the
latter it wounld have been better to have said join B to M,

the midpoint of AS. .For it is the equality of 5M and HA
which Is used in asserting that
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of parameters for the epicyclic equations. He first

discusses mean distance positions  -for .the . moon, Mercury,

and the other planets, in this order. The classification
is forced wpon him by the fact that he uses the Ptolemaic
models for all, and there are  significant differences
between Ptolemy's mechanisms for producing the motion of
the moon and Mercury..as distinguished from the other
planets, the models of which differ from each other only in

the numerical wvalues of their parsmeters. In all three

cases Lhe argument and the figures are clear, and no exten-
sive explanation is called for.

This passage deals with mesn distance positions of the
lunar epicycle. The reader unfamiliar with Ptolemy's model
for the moon's motion will find it wseful at this point 1o
consult [20](pp.192-196). The essence of BIrini's remarks
may be rtestated concisely by noting that (in Fiqure 2) the
lecus of mean distances for the epicyele center is Lhe
circle JBHL whose ecenter H is the center of the universe
and Nhose-radius i5 the deferent radius. The locus of the
deferent center is the smaller concentric eircle 2O0T. At
any instant. when the deferent center is at the g;neral
position T, a mean distance position for the epicycle
cenler is'L, the intersection with circle JEHL of LM, the
perpendicular bisector of T@. ’

34:12 — 38:2. This passage has to do with the determination

of mean distance positions for the eplcycle of Mercury.

The Ptolemaic model for Mercury's motion dis described in
(20} (p.200), for example. It will be recalled thot for this
planet the deferent center Is carried about a small circle,
TS im Figure 3, which passes through Lhe equant center.
As in the case of the wmoon, the locus of mean distance
positions for the epicycle center is a circle, here BHLIY,
having its radius equal to that of the deferent an& its
center at the cenier of the universe, H. For any position
of the deferent cenier. successively T, ©, and 5, in the
figure, consider the perpendicular biséctor of the segment

Joining it te the center of the unilverse. The intersections
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which is close to the value of Paulus and to the standard
one. ' . '

~For Venus both sets of rules put its maximum equation
equal to that of the sun, 2;14°, also close to
result and to the usual Hindu valwue.

Paulus®

For Mercury both sets of rules prescrihe the double of
the solar equation, 4;28°. This is indeed near te Pautus*
4;27,24 , but less close to the usual 4;0", o -

33:4-10. This Awlath is otherwise unknewn to wus. He
evidently made tse of a table of solar equations instead

of & table of sines to Cempute planetary equations. The
rule is c
- o [
=1 (3 = EE(A)E;E)

where A is the mean longitude of the planet reckoned from
the apogee, & 1is the equation, ¢ the circumference of tLhe
“apogee epicycle™, and subscripts © and P are used to mean

solar ‘and planetary respectively. We note first that

2T {max @) = C, = 14,
very nearly, and
C-‘f. = 2 W (max E‘[,).

Mareover Eu=maxemsinh=é—%— sin A in the “solution by sines”.

Then the rule becomes

" 2w {mar & N L
E’r():) = I_;_’le(,\) = ” ) (éi‘f'r Jin /\)‘m ”"”‘CEI',-S'"J\

which is indeed the "solution by sines™ for the planetary

equation of the center,

Birini is right in stating that choices of 54, 32, and
25 for the epicycle circumferences of Saturn, Jupiter, and
Mercury respectively would yield maximum equations closer
to the standard Hindu values than do 60, 30, and 20. We

have already remarked that in [9) (p.48) the circumference

for Jupiter is given as 32.

33:10 -~ 34:11. Having exhausted the topic of maximum defe-

rent equations, Birun® does not forthwith examine like sets
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The text has 11,30, to which we have restored the medial
gigit. . . . .
For Venus

I = ldigraagey) = 2:13,42.
The medial digit in the text s é(=30). for (=113}, a

natural error for = copvist or typesetter ignovant of the
couvenlions of the Arabic sexagesimal numerals.

Finally, for Mercury

- 1250 — ..
T = 2grgaayy) T 4:27.24,

as in the text.

32:15-33;3. This passape gives a set of rules from Lhe 23]
al-arkand ([14], p.130) for obtaining the maximum planetary

deferent equations from 2;14°%, Lhe maximum solar equation.

Ian the published translatien of the Khandakhadyaka (L49),

p-40) a set appears which resembles but dis not identical
with ours.

For Saturn our Lext woulid give a maximum eqguwation of
: 1 o
. + o} = :
2.1d[ﬂll 7ﬂ 10;14°,

but this is far larger than anj Saturn parameter rveported,

and we prefer to restore a "half" as in the translation to

give the same rule as (0], namely
1 10 i g.aa4°
2514 fa01e - = 95347,

very close Lo Paulus' 9;33% in 32:13 above, but different
from the standard B;37°.

For Jupiter Biruni has
;1424 4]=4;477,
which is not elose to the standard 5;6° but very near to

Paulus' 4:46,30°, hence it is probably accurately transmit-
ted. In [?), however the ruvle is

) |y [
2514 au+—7~ﬂ~5,7 .
For Mars our rule is the same as that of [%), namely

2;14[5])=11;10",
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total sine of Vijayanandin (see 28:1 above).

To infer the maximum equalions in terms of ihe

rules
we have, for Saturn
103 L a
=1 e e 4+ = -
€ ax = Bk 3[2(1 a’] 5;10°.
This is far fron any probable value, and Lhe resuli in Lthe

text is no help. It has .y®{ha'=5 and a joined nin = 50)

which makes no sense as a sexagesimal. We restore iL  as

[#)® =5;10, but both the rule and Lhe result are probably
garhled.

For Jupiter the rule is

. Jof3 L - Ol _. .=
Enax ‘""'3'[2“+ b(iﬂ)ﬂ =37 =85,
a good resubt, and which checks with the text.
For Mars,

1t L,.80 0= “
eﬂrax_—ﬁ[a(l—k"?hilh T 11:25,42

which, if the seconds are truncaled, is the texi value.
For Venaus,
= 10 Ldh=35 . a
emax'— 3[“4. h’!] 18 = 1:56,407,

which is the result given in the text if we convertL Lhe

printed ya' (=10) into a nBin (=50) by changing some dols.
For Mercury
BT PR B
Sax = 3-[?““’ ID) =4;307,

@5 in the text.

A2:42-14, In this passage, as in 2B8:14-18, we cosvert
from the epicycle circum{erences of 32:1 to radii, using
the approximation 7¢ = 3927/1250 associated with Puulus in
28:14.

Thus, for Saturn,

Y P11 P,
r =5 —-60(2(3q27}) 9,33,
as in the text.
For Jupiter .
_ i250 _".
I‘—3D(W)—~d.db,30,

as in the tLtexti.

Fer Mars

_ 1250 _ i
r -—TD(W)_ 11;8,30.
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The mention of cosmic dasys is obscure, but has some-
thing to do with the Hindu concept of a world-cycle marked
bf Lhc'gﬁﬁjﬁngtinﬁ.af all blahétg ﬁehr the vérual_ point,
tsee [14]., p.131.)

d1:17-32.2. Concerning Paulus and his Pulisasiddhanta, see
the tamment Lo 20:0 and to 28:19%. lere Paulus' R of 3438"
is siltested. BirunT again finds the circumferences of the
epicycies by multiplying the maximum equations {(regarded as
radii} by an approximation to 27 determined by the oparti-
cular R used. In the table below we 1ist the maximum
equations glven in the text hut converted into degrees,
then the Lransformation into circumferences.
+ 9;26"  (56B)1360)/3438 = 59.5 = {60)

2 4:44  (204)(360)/3438 = 29.8 = 30
a8
?

it

i

11;16 (676)(360) /3430 0.8 = 70
2:14 (13431(360}/3430 = 14.09 14
] 4:28 (268)(3060)/3438 =328.1 = 20,

The last column gives the circumfevences as reported in Lhe

Y

text, except that the one for Sntura does not appenr, All
Lhese ure identical with the vcorrvesponding parameters of
the Suryasiddhanta (of Var@hamihira), the Pangasiddhantika,
and the Paulisovantra (elf. (93, p. 48), except for Venus.
For the latter planet these olher documents have a eircum-
ference of 32, liowever, our texit's 30 is furiLher confirmed
in 20:14d below.

These are the manda epicyeles, these which account for

the equation generated by the deferent in the Ptolemaic
theory.

32:4 - 12. Some rules of the Karamatilaka are given in
S 27:18 - 20:3 above. This passage éues on Lo supply anajo-
gous rvules for the planelts,all presumably [for the "solution
by sines”. General values for the deferent equations are
given by tLhe expressions
k SinBA:e“E"‘ Sinﬁh=q=x(—?—0) Singg, A,

where K depends on the planet and R = 200' = 10/3 is the
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by sines” ((15], p. 119). B = 150' = 2;30 = 5/2 we have

previcusly encountered associated with al-Fazarl (comment

to 24:19) and the Sindhind (er the Great Sindhind) 71j.
' For Saturn the rule seems to imply
= _ B 1 1 1
Cmax T Bk = U5 g v g0,
But this leads to :
e = §;22;30"

max
which is neither the result given in the text nor is it
near the standard B;36%. We note, however, that
1 — n. a
ﬁ[t ¥ g 10]3_ 837,30
whieh is whatr is called for. Hence the rule should pro-

bably be amended to vead, "... the sine and its tenth and

one half of its tenth.,.."

For Jupiter the rule gives

D= _,,_fi[ ..l_.._l..._ =g.n0"
E%ux = Kk = ] 2(1+ 5 loﬂ 5:6
This is the standard valuve, and allows as te restore & waw

(=6} in the text (31:7) following the ha* (=5).
For Mars the rule gives

EE .f(l+'10 4'-—--——)4 =11;10

which is what the Lext has in 31:7, onece a redundant dol

has been removed from the alphabetical numeral.
With Venus,

-1y =u.5

= 10

max

it
rafen

as in the text.
Finally, for Mercury 5
L (l*‘*ﬂ = 4:0°

which is what the text Says, excepl that a typesetler has
misread the Arabic sexagesimal zero symbol as a ha in 31:8.

d1:9 _ 31:14. Concerning al-SarakhsI see
23:15 above.

the comment 10
We make his muximum deferent equations to be
8:37°, the Hindu vatue,

R

3} ~5i15 , s in the Handy Tables,

d 11;25 | as in the Randy Tables,

Q@ 2;24 , as in the Handy Tables plys a minute,
2] 4:2 , as with al-Khwirizml.
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the cemment te 30:1 above, the value for

Venus seems
probable.

30}10 - 31:3. In the table below we consolidate the para-

meters given In this passage, adding for comparison appro-
priate sets from olher sopurces. The {irst set consists of
the maximum deferent equations BIruni attribwtes to the
"Hindus and Persisns®. - The -zIjes ef the Shdh and Abd
MazSshar have been commented dn in connection with 5:10,21:6
and 24:9. Ya®qWb ibn Tarig (fl. 770, author of 2Tj 71 in
{14]), like al-Fazar]d, .was one of the early Muslim scien-
tists engoged in putting Hindu and Iraniam astropmomy into
Arabic. The secend column is made wp of Lhe maximum equa-
tions of the center as excerpted from the published version
of al-Khwarizmi's z17j [is]. The third column gives the set
attributed Lo the Shah Z1j in the astrologicsl work of 1Ibn
Hibinta [12a], and in the last column appear Lhe maximum

equations of the center as wsed by nl-Fagzarl and obtained
from our text.

The Hindus The published Z1j-1i Shih -
and Persians | zij of al-Khwarl (Ibn Hibinti) M!-Fazarl
w 8;37" 836" B:36,4° ;37,30
3 50 5;b 5:5,49 5:761
a F1;12 11;13 11;11,59 | [1]i;10
=) 2:13 2:14 2:12,46 2:18
8 4;0 4;2 4; [0, 0] 4; [0}

Note that the 0;2° spoken of for Mercury in 30:17
actwally appears in the =zij. The reference to Theon is
doubtless to the froctional part of the 3;2 in the
Ptolemaic maximum deferent equation of Mercury noted above.

The tules of al-Faz8rl for finding general values of
the deferént equation, bresumaﬁiy applied in a version of
the Sindhind, are all of the form

. A _Cmax _.
k anRA—— 2 Sl"lSO'A y

where k =:E%ax/h is a copstant which depends on the parti-
cular planet, the rules are all examples of the ™"solution

148



COMMENTARY

columns (i.e., (3)+ @). For practical computing it ig
better to add these once and for all and enter the

results
im a single column. This may have been done in the Handy
Tables, and it looks as though im most cases Birini

wrongly takes max() to be the Almagest maximum deferent

equation. He should take max (@+@)., which is probably
found directly in the Handy Tables. The silwation is seen
from the table blelow. '

Almagest
Planets wax @ ; max( @+ @)
L4 6;32° 6;31°
3 5;16 5;15
g 11;32 11;25
-] 2;23 2;23(?)
] 2;52 3;2

Upon comparing this with our text we nate that for all
BIrunI gives Handy Tables maxima which are identical with
Almagest max( C)*'C)). The coenclusion is that the maximum

deferent equatians of the Almagest and the Handy Tables are
actunlly the same.

30:1-3, This statement is probably correct, since we
notice that in zl-BattanI's zTj ([18], vol. ii, pp.01, 129)
for dnstance, the maximum solar equation is 1;59,10%, and

the moximum deferent equation of Venns is 1;59°, doubtless
rounded off from the former.

A0:4-9, For the nen-extant zI] of 1Ibn al-A€lam (see Lhe
comment  te 23:2 ashove) BIrinI gives maximum deferent
equations of .
® 6:;31°- 0;48" = 5;43°
.3} 5;15 + 0;18 = 5,33
'@ 11;25 + 0;0 = 11;35 ()
Q 2;23 - 0;23 = 2.0
- 3;2 + 0;38 = 3:40.
This set is not cempletely secure, since we canngt be

certain as to the set which has been modified. In view of
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c=g, (29 = 2;14(3%%J 2 14;45.
“which is BIruni's result., ‘Note, however, that while the ‘R
is Brahmagupta's (cf. comment to 27:1 above), the ehaﬁ.is
not the value near 2;10,30" attributed to him, but the
standard Hindu parameter for the maximum solar equation.
The 14;45 differs considerably from the Khandakhadyaka
and Brahmasiddhinta values for the same parameLé;-given in
the comments to 28:6 and 20:8 above.
For the moon we repeat the process to obtain

'4;56(5—:‘;-‘_’—‘;6) =~ 32.35,13,

which is close to Biruni's ([32];35,27. The restoration in
the translation is of an obvioas copyist'™s or Lypographical
error. Again we have used the standard Hindu value for the
maximum equation, not the five BIrunT attributes ta
Brahmagupta in 29:11. Again, meoreover, the result differs
markedly from the values of 31 and 31;36 Brahmagupta uses
in the Khandakhadyaka and the Brahmasiddhianta respectively.
(S5ee the caﬁments‘tn 2B8:6 and 28:8 above).

29:13 -~ 33:14. Having disposed of the two luminaries, the
text proceeds to a consideration of the maximum deferent
equations of the planets. Again, while some of the pora-
meters are from documents Llike the Almagest, which are
available in modern editions, others are from sources which

have disappeared,

As usual, the Ptolemaic Handy Tables [22) are referred
Lo as the Canen, or zIj of Theon.

29:14-18, In the Almagest ([23] ed. of Halma, vol. ii
pp..301-309) in the tables of planetary equations the first
column (which we will denote by C)) after the columns pf

arguments, gives the equation of the deferent computed as

theugh the epicycle center were or the equant. The next

column {here denoted by GD ) gives the correction to bhe
added algebraically because of the fact that the epicycle
is on the deferent, not the equant. The deferent equation

is given by adding corresponding entries in the two
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before is attesied in two places farther along in the. text
(32:1 and 55:2) as that of Paulus. Since, moreover, R is
“.found by measur ing the radius in minutes of arc along the
circumgerence,
' ~ 360 _6,0;0 _ .
2 el oy —-g%TTE = 6;16,57,38

and Tt = 3;8,28,54.
' :'Takihg now the standard Hindu maximum equatfons for
sun and moon respectively, we have from

c=ga (6;16,57,48),

‘max
(2;14)(6;16,508) = 14;2 ,
and (4;56)(6;16,58) :’30;59.q1.
For the first BIrunl reports 14;3. The second is

identical with our result.

29:5-12, Here 1is attributed to Brahmagupta the spproxima-
tion
V10 = 3.16228... =3;9,44,12,28,48,...,
from 62 = c2/10. The same appiuximatiun is found in
al-Khwarizmi's algebra [24].
Taking the maximum equatiens ns being synonymous with

the epicycle radii, Birun] computes the latter,for the sun,
as

g =gyl = 29,30, ...

Biruni's 2;9,9,40 may he the result of a copyist's error.
Ferhaps the passage should read "two parts and nine snd two
thirds of a minute™.
In like manner, for the moon we have
3L1i20 v 4.58, 12,
2~To
which is precisely BirunI's result, This confirms the moot
-reading of 31;26 for the lunar epicycle radies in 28:9
above.
Again reversing the process to obtain the epicycle
circumferences in terms of the maximum equation we have
for the sun
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p.xii). For.the moon the epicycle circumference is thirty-
one, again the same as that of the Khandokhadyaka.

28:8-10. Concerning the Brahmasiddﬁinté, see the comment
tn 27:1 above.  These epicycle circumferences, for sun and
‘moon réspec;ively, are )3;40 ;nd 31:26. ﬁﬁﬂ (p.52)confirms
the solar value, but gives 31;36 for the moon. Our text
‘vaiue is confirmed in 29:7 below. - -

¥B:14-1B. The approximation to the number TV given here is
quite good. It is .

3927 _ .
I3ep = 3-1416 =3;8,29,45,36,

is independently attested for Paulus ({41, transl. vol. i,
p.160), and for YaSquh ibn Tariq in the sasme place. It is
used also by al-Khwarizmi in his nlgebra ({241, pp. 72 and
196} .

By use of this apprdximaLion, Psulus' circumierences,
and the relation = = %ﬁ , Diruni now obtains the epicycle
radii of the sun and moon re5pectively. They are

14 1250

=5 (3927)"2 13, 11"
and
1250, _
A 353 =4556,2°
rounded off to two fractienal places. These are Blrumi's

results,exceplt that for the moon he has apparentily cbtained
his terminal & in the last place by truncating the next
digit rather than by rounding off.

In line 18 here we restore thed;jﬂ of the text Lc)*;l,
which Birun uses in the sense of "rounding off". .

2B:19-29.4. Here we reverse the former process, that is teo
say, we infer the circumferences from the radii, where the

latter are equated to the maximum equations. Birunl sets
up the ratio '

= 3438', which mwe Thave encountered
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27:18 - 28:3. The Karanatilaka likewise is known to us only
through the writings of BIrunI. In his translation of the

India ({4], vol.ii, p.306) Sachau has collected references
to the Karanstiiaska found in the former work.

The author,
Vijayanandin of Benares, however, is known independently of

Birunl, being mentioned, for instance, in [28].(p.54). oOur
passage streogthens Sachau's conjecture {[4], transi.,
éol.i: p.xxxvi, vol.ii, p.388) that an Arabic wversion af
the Karanatilaka was made by one AbY Mrhammad al-Nai'b
al-Amuli. )

Be that as It may, the information that in the
Kara?atilakn E = 200" = 3;20 allows us tg restore with

confidence a gap in the text made by some copysist’'s lapse
The rules evidently were

2 s BN 3 o, x

7 51n200, and T 51"200'
for the solar and lunar equations respectively. From these
the respective maximum equations are

2200, _ . . 3,200, __»
3(T6) =2;13,20° and E(—E'b-)“s
s stated in the text.
28:6-7. This work and dits author, prohably Paulus

Alexandrinus who lived in the fourth century or later, will
be mentioned frequently in the sequel. The Pulisasiddh@nta
is one of the five siddhintas of Hindu astronomy. (CI.
(4], transi., vel.i, p.153).

In the Hindu planetary theory the "equations", the
periodic divergences between the true and mean planets,
were accounted for by the use of epicycles rotating around
a deferent of zero eccentricity. This was wused for the
equation due to the eccentricity as well as that of the
‘anomaly. It was customary to specif} these " epicycles by
giving their circumferences, measured in degrees of arc
along the deferenl. Thus the usage "circumference of the
apogee” means the circumference of the epicycle used to
produce the effect of the ‘eccentricity. (Cf. [21] Appendix).

The circumference of the solar epicycle given here,
Tourteen, is the same as that of the Khandakhadyaka ([9],
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'qulté close to the one of the text. From this
' L ' . 13;40 41 .
= a1l T e
sin Eaax 360 1080 '
whence ' ' .
e;ax = 2:10,32%, | .
“There is e like ‘difficﬁlty with.. the moaximum lunar
equation of five degrees given in the zame plnce-_ He note,
however, that the rule
10 }\
109 Si%aa7qe
will give the desired maximum.of five, and the coefficient
differs from thoet of the rule of 25:13-14 oﬁly in having
109 instead of 107 in the denominator.

27:8-12. According to Dr. K. 5. Shukla, no sclentist named
Nobh@ls has been encountered in the Sanscrit literature.
His rule for the lunar equation is
31
360 51“57;1a>\1
from which the maximum equation will be

ot (238 = 4;56,°

as stated in the text. There the name is written b=t .

27:13-1T. The Karonasars was aopporently translated inte
Arablc, but neitherﬁhhe original =nor the translation is
extanil, Qur only knowledge of it Is from BIruni's writings,
but ke mentions it frequently. References to it in his
India [4] have been collected by Sachau in the notes to his
translation of it, in vnl.ii, p.1584. The author was
Vittisvara, son of Bhadatta (? Mihdatta), of Nagarapura.
The rules for the solar and lunar equations are
]Tg Sin5)\ and SlnE)\
respectively, where now R ==300' =5, The correspoending
moximum solar equation is .thus

ag stated. The maximum lunax equation is not given, but it
is obrionzly five degrees. ' ' :
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mention in Biruni's India ([4], ed., p.228; transl,, vol.i,
p.xxxiv; vol.ii,pp.52, 378). Author and date of the Hargan
“are unknown to us, : ' R

Since the quotation itself gives in verse form the
Tules for the equations of the sun and meon associated, in

the previous passage with the sines of Kryahhata -namely

; i
Too Singy. IBA and it Singy, 1¥\

thls demolishes Sachau's conjecture that the Harqan was a
handbook for the conversion of Hindu, Arabic 'and Persian
dates. It seems to have been a typlcal zij. (See also 4]
p.137.

The numbers needed nre given as nonsense words made up
of letters of the Arabie alphabet hnving the proper numeri-
cal valee in the. abjad system. They are J= 7, (the text
has the dot missing from the za' thus converting it into a
“ra'), «2=8p, (=100, ;= 6, and (5=10, whence (=180, and
£2;=116. For the last number the text has, at 26:19, a
medial 1&m instead of the correct ya'.

The term "elevate™ (raf®) indicates divisien by sixty
the sexagesimal base. .Thus the "first elevate™ (marfﬁ‘
marra) of 0;27 = 27' is 60(27') = (1,0)(0:27) = 27:0 = 27°

27:1-4, Here is a categorical statement that the Sindhind
was Brahmagupta's (fl. 650 A.D., author of [9}) Brahma-
{sphuta)siddhanta, which 1is extant but unsavailable in
translation. (Cf. 25:10 above). In a letter Dr. Kripa
Shankar Shukla, of Lucknow University, confirms that the
R of the Brahmasphutasiddhinta is indeed 3270°'.

We do not know what BIrunI means by "the mentioned
operation". The maximum solar equation here given,
2;10,29°, will not be obtained by using Brahmagupta s R in
the rule for the solar equation in the verse just above.
This would give

T _.3270,
IBO( 50 y = 2:7,10°

Professor B. L. van der Waerden has pointed out in a
letter that one can infer from the dimensions of the solar

epicycle in the Brahmusphutasiddhinta & meximum equation
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precigely the number given in 25:1 above.

The second rule gives for the solar equation

65 Sits7,18 7 -
where now & Is specifically stated to be 3438 = 57;18.
This well-known parameter is associated with Aryabhata
(f1. 500 A.D., the first of two scientists with the namé)

and was adopted because if & is small and measured in
minutes of arc

= O
51“57;113E .

a property resembling that of the modern sine function for

B8 in radians.

Again putting A‘QO' in the rulé, to obtain the maxi-

mum, we have

7 3438, _ .. .
156 (hgﬁ~) 2;13,427,

exactly as BIrunl says.

The third rule in this passage is

10 P
To7 Sing4,30
for the lunar equatien, from which the maximum equation is

10,3270, . °
Tor (eo ) ~Ri8.30

o number c¢lose to, but not identical with the five degrees
sttributed to al-Faozari in 25:2 above.

The fourth and last rule gives the lunar equation as

10 By
TI6T S'"57;18 A,
from whieh the maximum equation comes out as

10 3438, _ . .
e Ceo ) = 4:56,23

the number g¢iven in 26:2. The text has 117 in the denomi-
"nator, but this requires emendation 'to 116 “in ‘order to
yield the maximum equation shown,and moreover in the passa-
ge following this, where the same rule appears, also asso-

ciated with the sines of Aryabhata, the 116 is cited unmis-
takably, and mere than once.

26:4 —~ 26:19. This passage is of interest as giving us s

short excerpt from & work which is known to us only from a
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Sines™ is used 1o determine general values of the equatien.
(c£. [1s5], p.118.)

25:6-8, This sentence makes two unrelated statements. The

first is to the effect that in some versions of the Skah
Z1j the maximum solar equotion is 2;13° rather tham the
more common 2;14° cited previously. This is of interest ss
indiceting that we cannot count on-a single, canpnicel text
ef this document. '

The second part of the sentence becomes clear if we
write

1 N o 4z Y

201 - 22) Sin; o A=4;56" sind
for the lunar equation and recall that 4;56" 1s the stan-
dard Hindu value for the maximum lunar equation. (See 24:7

above).

Note that this passage associates with the Shzh 21j an
R of 150",

25:9-26.3, The Arabic-Persian term kardajs (pl. kardaat)
15 usually derived frow the Sanscrit kramsjya ([19],p.219).
Originally it seems to have stood for a unit length of arc
equal to one twenty-fourth of a quadrant, 1.e. 320 (see

4
25:16}. Here it is a name for the variety of sine function

being used.

The first rule given says the equation of the sun is

PT3T) 51“54;30)‘ . ]
The passage does not tell us the value of £ c£hown, namely
54;30 = 3270', butr the same rule is given in another waork
of Biruni ([2], 133:6), and from it the R can be inferred.

The 3270 is given explicitly in 27:2 below.., In 27:1. and

in the other source also these sines sre canlled “kardaimt
of the Sindhind™, and ir fact BIrunI seys there that
#l-Fazarl gives this rule in the Sindhind zIJ (see [15],
p.119).
We obtain the maximum equation implicit in this rule
by putting A=90" to obtain

105, 3270, _ . .
(ﬁgTE)(_EE—) = 2;11,15°,

139



ON TRANSITS
Hindu parameters.

24:17. Here the maximum solar equation of 2;11° is again
éscribed te the Siodhind, 8s is 24:1  pbove. There seems
little doubt but that the reference is here to an dndivi-
‘dual, Yas€a al-Ma'min3, otherwise tuompletely unknown to us.
It would be tempting to read into the text "the Ma'winic

(zij)" (cf. 23:18 ahove).

24:18. This is the first mention in this treatise of the
early Islamic¢ astronomer (or astronomers) named al-Fazari,
closely associsted with the Sindhind Z3j. See the discus-
sion in US]. p.119.

24:19-25.5, The beginning of this passage has bheen garbled
in the text, ©but there is little doubtl but that pur resto-

ration is valid. The two.rules are, for the equation of the
sun

1 _ o
(1 - ) Sinlso.A = 2;11,15 sin A,
and for the equation of the moon

2 Sin}SO'A = 5° s5in A,

where A is the "argument™, (gl-kissa) the mean longitude
measured from the apogee. o

The parameter 2;11,15° is independently attested {in
(151, p.119), also in connection with al-Fazari and the
Sindhind, but here with an R = 3270'. The moximum lunar
equation of 5;07 is not far from the standard Hindu 4;567,
bur it is precisely s Piolemaic value (of. 22:0 above}.

An R of 150’ is associated with al-FazirI and with the
Sindhind elsewhere, e.g. 31:5, and [2), 120:1. In  the
latter ﬁiace the book is called the "Great Sindhind zTj"
(2ij al-Sindhind al-Kabir).

Birini's suggestion is to make the rule

l i —}.\ = . -
(r - q) S5in ey 2;13,207 sin g,
This would indeed result in a maximum solnr equetion nesrer
to the 2;13% cited in thé next passage.

We note that in all these expressions the "solution by
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24:1.  Now 1;47"(1%) ™ 2;11° for the Sindhind (ef. 23:15

above}. This i: attested later, in 24:17.

24:2. In fact 1;470(1%) & 2:14°, which is indeed the value
appearing in the extant and published version [16] of al-
Khwarizmi's zIj (21 in {14]), and further attested hy Birinl
in another work ({15}, p.118). ‘ ' '

24:3. Now 1;4T'(1%J = 2;23", which is the Almagest value
(cf. 22:5 sbave).

24:7-9, The mumber 2;14" as a standard Hindu value for the

maximum solar equation is found in many places, e.g. 191,
p-156. On the other hand the number written put in the text,
4;50%, for the naximum lunar equation appears nowhere else,
and we prefer to restore it as 4;5[6]“,3 well-attested para-
meter, the six being a scribal omiszion.

The ZIj-i Shah (30 in [14]) was translated inte Arabic
from 8 Pahlavl originsl. No copy is now extant, and the
problem of reconstructing its contents and sources is one of
great significance [for the history of pre-Islamic Iranian
astronomy. (Cf.f{13]). Here Birunl indicates that its con-
tents were of Hilndu origin, ‘

24:11, The truth of this statement is fully demonstrated in
the sequel. It will be seen that differences in Hindw para-
meters have nothing to do with differences in observations,
but are the results of successive spproximate computations

in which different radil, for defining sises, and different
approximations to IT are used.

24:13-16, The rule is

9
£ = 7 Singh @,

where 8 is the lunar latitude and & is the argument of the
latitude. Then indeed max g8 =4;30°, and

cmax B maxf 9
5in 90" T T R T § *

as BIrtnI says. Both this max g ond this B are standard
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23:2. Ibn al-Aflsm (author of 2zIj 70 in [14}), whose maxi-
mum solar equation was 2;0,10”, was undoubtedly wsn obser-
ver. D . .

23:4-6. Sulayman ibn “Isma was the author of zij X216 in
[14). His value of 1;55:2D is partially confirmed in 23:19.
Concerning the criticism of Ptolemaic technique, see 22:5
- ove. il ST " > FERT

23:7. The name of al-Nasafl has been wrongly translitersted

in [14],p-136, as al-Sanafi. He is otherwise unknown to us.
His value is 2;27°.

23:12, See the comment to 22:8 above.

23:13-14. In his Sanjarl 2z3J (27 in [14)) al-KhEzini
attributes to Ibo al-Aflam a maximum lunar equation of
4:51°. This 15 slightly different from the 4;53 there cited.

See the cumment te 23:2 above.

23:15. Al-SarakhsT is mentioned in several other places in
Biruni's works as the author of Z1j 45 (in [14)). This is
tis first notice in this book of the famous Sindhind ([14],
p.iEQ] an Arabic translation of one of the Hindu siddhantas,
prebably the Brahmasiddhanta of Brahmagupta.

23:17. According to Sachau (in [3], p.424), sl-Juihani waos
a famous polyhister, a wazlr to the Iranian Samanid dynasty
in the beginning of the fourth century of the Hijra. ’
23:18. Thhis confirms and makes completely secure the maxi-
mum solar equation of "1:47° attributed to Yaohyd ibn abl
Manfﬁr, working under al-Ma'mun, in 22:10 above. ’
23:19. We have 1:47°(1T%)==1;55°, which is close to the
value of Sulayman given in 23:4 above.

Further, 1;47'(1%) =.2:2%, for the Damascene value, but
compare thls with the comment to 22:9 above.
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The value of 1;47 there attributeg to Yagyﬁ is new te
us. See 23:18 below. The Escorial versian (tld], p.132)
of the Mumtaohan Zij, which iz, however, corrupt- has the
common value i:SQ'.

Ibn Yunis, author of the Hakiml 2ij (14- in 14D
cattributes to the Mumtaohan grou;, observing at Damascus,
the value of 1559,51" (see [111, p.56).

22:11-12. The joint value of Khalid snd Sanad here reported
as 1;59,54° is otherwise unkpown ta us. It is very close to
the result give:s immediately shove.

22:13. In both the extant versions of the z1j (or zijes) of
Habash sl-Hasib al-Marwazl (see [14], p.126} the maximum
solar equation Is 1;59% as given here. The Lhree sons of

Musd ibn Shikir ([14),p.135) carried out many observations,
but their zijes are not extant.

22:14, The z1] of al-Batitani has been published. In it
({181, voi.ii, p-B1) the maximum selar equation is jindeed
1;59,10%, as reported here by BIrinl. The latier's own
value, as reported in his 21J ([6], p.716) is 1;59,39,18°.

22:15-17. The zIj (73 in {14]) of Abu al-Wafa' Is extant
only in a fragment, if at all. The Ifour observational
results here attributed to him, 1;58,88", 1:58,45°,1;59,7°,
and 1:;59,2,20°, are new Lo us. In the zij of al-Baghdadl -
(3 in {14]) the value of 1;59%is attributed to AbE al-Wafa'.

22:18-23:1. © Al-Sagh@ni (see [26], p.65) was best known as
an instrument makér. He worked in Baghdad, c¢. 980, under
‘the patronage of the Buyid dynasty. 0f the two values
attributed to him, 2;0,20° and 2;6,6%, the former was
obiained also by Muflih, a freedman of the Ban®h Amzjur (see
fi1l, p.152; [ld].p.l2%]. For examples of different results
obtained from the seme data by computing with the chord
function rather then the sine the reader may consult [15],
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21:7. Hepresentation of Numbers

The reader must be prepared tec encounter such transfor—

mations as 2;10,30 == 13DK' = 130K minutes = 7830", i.e.
sexagesimals expressed as decimal integer multiples of the
smallest fractions involved. - The minute and second symbols

need not imply angular measure.

22:4-29:12, variocus Values for the Maximum Equsations of the
Sun_and Moon

This passage contains an wnprecendently rich collection
of parameters for the soltar and lunar thecries of Greek,
Hindu, snd Islamic astronemy. Some values asre well-known,
others are found uniquely in this source. Additional infor-
mation on the solar equation may be found in [15]. Here Lhe

"equation™ of a planet is the difference between ils mean
and true longitude.

22:5. The Ptolemaic maximum selar equation of 2;23° given
bere’ is correct (cf.[23], ed. of MHalma, vol.i, p.201}.
Coscerning the criticism of Ptolemy's technique, BIranY has

a detailed analysis of solar observations performed wup to
his time in Treatise 6 of his Masudic Canon [6], which would

be well worth extensive study. See also 236,

22:6. The Theoric Canon there referred to is the Handy
Tables of Ptolemy [22]),commented upon by Theon of Alexandria.
22:8. The Almagest value for the maximum lunar equation is
in faet 5;1° ([23], ed. of Halma, vel.i, p.277). ° In 23:12
below, however, BIrunI credits Ptolemy with precisely this

value, and Theon, i.e. the Ptolempic Handy Tahles (221, with
5:0°.

22:9. The three astronomers Yahya, Kh¥lid, and Sanad, are
among the best known of the "Compsnions of the Verification™

(5§h§2_al—mumtah£5) who, under the patrenage of the Caliph

al-¥a'‘mlin produced the celebrated Mumtshan Zij, 51 in [i4].
The latter two are also reperted to have written zijes of
their own, 96 and 97 in [14]. See 23:6.
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as depicted in Figure 1 the moximum value of the
is given by

equation
sn—1
Cpax = Sing” do
where d is the eccentricity, DH, and R is the radius of the
deferent, DH. )
'Birinl-now points out that the first deferent distance

seéctor (c¢f. the comment to 15:8 above) is

arc AH =90° + Sin”'BH =90° 4 sin~?

| P

: o . =1 .
= +
90 Sin " (% Sin Cra ).
{See the comment to 41:9 below).

20317, Here, as in 17:12, Birunl evinces kanowledge of the
fact that for the pre-Ptolemaic Greeks, as well as for the
Hindus, the motion of the moon was regarded as exhibiting
only one periodic perturbation.

21:1. Kishyar was an Iranian astronomer who flourished in
the eleventh century (cf. [26]. p.B3). He was the author of

ZIjes 7 and 9 in [14]. 1In the Leiden copy of the Jami¢ z1j
there is no table of sectors.

21:3. Te show what BIruni has in mind, note that,

for
0 <8<,
¥ s5in 28 =sin 8 cos @ £ sin B.
Put 28 = emax to obtain o
< o max
¥ sin emax sin—5=,
and Eamax

sin‘l(% sin em“} < ﬁ- .

Hiere the left-hand side is Biruni's rule as given mbove,
and the right-hend side is the <rule of Kishyir and AbT
S '

Ma“shar. Note that when E;ax is  small, ie., for small
eccentricities, the last expression above is an approximate
equality.

21:6. The 2Ij of AbT Ma®shar (63 in [14] see 5:10 above)is
oot extant.
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arcs AH and AHSZ respectively.

The true longitude, A, also measured from the =apogee,
can bhe given in terms of arc length along the parecliptic.
For instance, the value of A when the object first reaches
its mean distance position is the parecllptic arc AB.

Biruni points out (19 18) that for wearn distance

' A= cADH 7 90" » cAHH = A

These relatiens remain invariant reqardless of the size
of the deferent with respect to that of the parecliptic.
Two pther deferents are drawn, one LJ lying wholly outside
the parecliftic and with center M, the other KB, only par-

tially outside the parecliptic, and having center T. For
all

are ‘L = arc KB = arec HA= A
for the mean distance.

At all times the difference between A and A is e, the
“"equation™ (ali-ta€il).. See 56:9 and Figure 10 below.

20:11-14, The Medieval Sine Function and the Moximum Egua-

tion.

The "sine"™ (al-jaib) here alluded to for the first time

resembled the modern sinme function in every respect save

that in general the radius of the defining circle was other

than upity. We distinguish between the moderr and the medie-

val functions by using a cepitsl initial for the latter. If

the radius of the defining circle is R, the identical
tion between the two functions is

Sin § E R sin g S SinR [: 8
In some discussions, sines defined with respect to
different radii will appear in the same

rela-

expression. Where
necessary we will avoid ambigulty by specifying the raodius
used for a particular sine bf means of a subscript as shown
in the third part of the identity above. We will denote an
inverse (or are sine) function by a superscript i. of
course max Sin § = Sin 90° =R, whence the term "total slne"
{al-jaib kullhu = Latin sinus totus) or the
(al-jaib al- a‘zam).

"greatest sine”

It will be shown below (56: 19) that for an object wmoving
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([1], 69:6) in connection with wsstrolahes. The indivi-
dual is otherwise unknown to us.

17:17. Here tgain is 3 garbled transliterastion, this time
of the Greek cognate of perigee,. Again =& pl has gone into

fa', and gamma into jim.

17:19-18:1. On the basis of the printed text we infer that
the third leitcr in both transliterations shoula he either
8 ha' in both or a jim in both. A dot, either added below
Lhé letter in the first word, or deleted from the second,
would restore the situation.

16:6. Here the transliterstion of the Greek cognate of
"epicycle”™ has come through urharmed, except that there

should be two gais, one for each kappa.

18:12 - 20:18. The discussion and the accompanying figure

are here straightforward, to our mind unnecessarily compli-
cated by Biruni's use of the parecliptic (al-mumaththal), o

cirele of finite radius, concentrie and caplanar with Lhe

ecliptic. The Islemic astronomers apparently felt & aeced
for some reference circle, or scale, an which Lo measure
longitudes, =w=od the ecliptic itself would not do, it
seemingly being regarded as beyond the orbits of all the
planets.

Here a celestinl object trevels with uniform speed
along a circular deferent. The object is to obtain expres-
sions for the points at which it has maximum, minimum, and
mean distance from H, the center of the ﬁniverse. iIf we
call the mean longltude measured from apogee 'R (in Arabic
markaz al-kawkab, the "center" of the blanet), the puiﬂLs
of maximum and minimum distance are those ﬁt which A is 0°
and 180° respestively.

For & deferent AHSZ lying wholly dinside the pareclip-
tic, of which only Lhe.arc AB i3 shown oo the figure,
BirunI ecasily shows that H and Z are the points of mean

distance from H. Corresponding vslues of A are given Dby
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ON TRANSITS
Reverting to lEWﬁE. Birini slludes to the same word in
the common Persian term for the_-frigh; sphere™, ]nv? {ur
juyi) rast, the equivalent of Arabic al-falak al-mustagim

and Latin sphaera recta. The astronomical situstion refer-

red to is the appearance of the <celestisl sphere to an

observer located on the terrestrial .equatur. Under Lhese
circumstances all points on the celestial'sphere.rise ncrdss
the horizon éL'righL aggleq,'_whéncg'thg modern term "right
ascension”. o '

As to the alleged derivation of javi from kul, Profes-
sor A. N. Frye writes that although there is 2 Middle =and
New Persian goy, "ball™ or "sphere”, HBirini's word cannot
come from it and must in fact be the Arabic jawwl, "atmos-
phere”. _

BirtinI makes o second attempt, likening the motion of
the stars in the diursal motion to the motion of objects
carried by a flowing stream, Persian Jul.

17.5. The word as it appears in the printed text is undoub-
tedly o garbled version of the Greek cognate of apogee. As
was custemary, the pi has gone into Arabic fa'. The gomma
of the original no doubt went dnte Jim, rthe kha' which
appears being the result of a dot placed above instead of
below the character.

Biruni is right about auj having come from Sanscrit
(from wcea, apex), but the Sanscrit {orm in turn seems Lo
have been Greek in ordgin. (cf.[21], p.29.)

17:8, BIiruni's sikra'l is the

Sanscrit shighra, "fast”,
2 17:10., In other werds, in all «cases the period of the

deferent equation is lenger than that of the epicyeclic
equation. .

1712, The Hindu lunar theory recognised onrly one ecquation
in the moon's longitudinal metion.

17:15. The saome nuther asd book is meationed by Birund
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is the beginning of ihe second deferent distence sector.
In like manner in Flgure 5, point T is one of two epicycle

'"points at mean distance fram the ceuter of the universe,

here Z. T is the beg1nning of the second epicyclic distance
" sector.

A point in sectors I and IV is at & distance greater

than the wmean, e&nd these sectors are culled "ascending”

'(sE‘id in the sense of the "first oplnxon .Ste the note to

'71 12 below). Sectors IX and III mark pusitluns of distance
less than the mean and are called "descending” (hnbiL
‘mccording to the "first opinion™).

again

It is also true that, as BIrund remarks, in one of the
twoe ascending sectors (I} the point is coming down, f.e.
getting closer to the center of the universe, and in one of

the descending sectors (III) it is ascending, i.e. receding
from the center.

15:13 ~ 18:8. This passage 1s largely etymelogical. 1In
several places BIruni seems to make tacit application of
the transition from k to l of words passing from Middle
FPersian to Arabic or modern Persisn. Exsmples are zik to
z1j, and vizhidhak to bizidhaj. Thus he sttempts to obtain
jvI from kui, and auj from auk.

He is motivated partly by s desire teo explain why the
Fersians used the word Jawwi (? or 1511) to denote pheno-
mena related to the deferent, that is the "heaven of the
(deferent) apogee™, while they employed the term watar

(Arabic for chord or cord) for things related to the epi-
cycle.

He derives the latter usage from the mythical cords
or halters attsched to the planets, which,pulied by deities
seated in the beavens, provided a primitive Hindu expluna-
tion for the retrogradations of the plhnets (c[.[EJ}
p-107.). Since the retrogradations are phenomenz connected
with the epicycle, hence the association of watar with the
epicycle. He remarks incidentslly the Persisn word z1j
which also means cord, and which eventually came to denote
sets of astronomical tsbles. (Cf.[ld]. p.123.)



ON TRANSITS

13:7-8. The annusl period of  the sun is asbout twelve
months; the period of Jupiter is about twelve years. B

13:10-13, Thus the arrangement is, from the earth outward:
the moon, the sun, with Venus rotating on an epicycle ahout
it, then Mercury, Mars, Jupiter, and Salurn.

13:14-15. This arrangement, of having the inferior planets
rotate about the sun, end which indeed corresponds to the

facts, is due to Heraclides of Pootus ({1, 350 B.C., cf.
[12], p.255).

13:18.  This work is listed by Ibn al-Nadim ¢[17], p.356)
with the title kitab al-radd “ala Bruglus. Birinl refers
to this book in at least two other places, din his "India™
(T4]. transl., vol.i, pp.226, 231).

14:4-.10, This is the ordinary association of each day of
the week with a planet.

15:8-~12. This is BIruni's first mention, in this treatise,
of the planetary "sectors"™, a tople to which he will revert
frequently in the sequel. The reader will find a detailed
discussion of the subject in [}3]. together with a table of
numerical values.

It was customary to consider both the deferent and the
epicycle as divided inte four segments, each called =
sector (nitag). These are illustrated in Figures 1 and 5
respectiveiy. where the Roman numerals indicate the numbers
attached tp each sector. It will be npoticed that the
‘initial points of the first and third sectors are ‘the
apogee and perigee of the deferent and epicycle respective-
1y. The initial points of the -second and fourth sectors
are alwoys symmetrically disposed with respect to the line
of apsides, but their definitions differ depending on the
type of sector. In this passage BIruni is desling with
"distance sectors”, and peint R in Figure 1, a deferent
peint at mean distance from H, the center of the universe,
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one imgedistely below the ascendanti. There is . then some

sense in csiling a plenet in the tenth or eleventh house

alevated,'since it is aiready in - the wupper part eof the

ecliptic, for <the time being, and is still rising by virtue
of the daily rotation.

7:15 ~ 8:5. This seems to be the same type of situation as
indicated in the previous passuge, except that now the
origin is tsken as another planet instesnd of the ascendant. -

The tenth (house) of the tenth (house) is indeed the
geventh, for the operation of finding the tenth c¢an he

regarded 88 a backward rotation through three houses, and

two of these carry one from the first house to the seventh,

B8:10-9:5. "The object of this passage is to explain why, as
we would put it,north is taken as positive in measuring la-
titudes, and of two celestial objects the one farther noarth
is sald to be elevated above the other. It is because the

northern hewisphere is known, nund known to be inhabited,

10:9-16. In Sanscrit these phenomena osre cnlled vyatipata
and vaidhrta; see-[25}, p.13.

10:17.  Ibn al-Nadim ([17], p.385) cmlls this individual
Ibn al-Bazyar a5 does BIrunY in B4:15 below. His book s
called Kitab al-qir@ndt wa tahwil sin] al-“3lanm.

12:5-9. BIruni is here making a point, to which he returns
later, that since the maximum distances from the earth of

some planets are exceeded by the minimum dlstances af
others, @ statement to the effect that such and such a
.plﬁnéi ﬁasses over another is not to be taken as referring
to their actual distances, but is am expression of & con-

ventlon which impliex something quite different.

15:5-6. The period of Ssturn is about thirty yesrs, that of
2 lunation is about thirty days,
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'5:16. In astronomical writings the words falak (pl. afl@k)
and ménlagn (pl. manatiq) are frequently used interchan-

geably, as falak al-burgj and mantagqat al-buruj for eclip-

ar

tic. We translate them as heaven, or orbit, or circle,
sphere depending on the context.

6:16. The year~transfer (tahwil ml-sina) is the ingtant of
the vernnl equinox. Its determination was 8 matter of
great moment in astrology. (Cf.[ﬁ], p-320.)

6:19-7:3. A triplicity consists of a set of three zodincal
signs, equally spaced four signs apart on the ecliptie.
There being. twelve signs, it follows that there are four
different triplicities. The mean motlons of Saturs and
Jupiter are of such magnitude that, roughly speaking, the
former traverses eight sfigns while the latter is traversing
twenty. This jmplies that when a mean conjunction oeccurs
between these two planets, the next will take place about
eight signs farther aleng, i.e. usvally in the same tripli-
city. The mean advance is about three degrees more than
eight signs, so that after about twelve conjunctions in one
triplicity the point of mean conjunction pulls forward into
the next triplicity, This phenomenon is the shift of
transit, For o more detniled discussion of the same topic
the reader may consult [13}, p.259.

7:4-7:14. The general idea seems to be to define elevation
with respect to the lecal horizen and in terms of the

astrological "houses™. At any glven instant the ecliptic

is divided into four usegual arcs by the following four
points, known uas gcenters, (or pivots, or cardinmes): the

adscendant (or horoscope) and descendant nare the ecliptic
peints then ecrossing the eastern and western hkorizon
respectively. Upper and lower midheaven 8re the points in
which the eciiptic intersects the local meridian.

These
four arcs are subdivided into three parts, and each of the

Tesulting twelve arcs is & house. Thete are nombered in a

direction opposite to the daily rotation, starting from the
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breive amplitude (si®at al-mashriq) of a point on the

celestial 'sphere is the distance along the local horizon
from the east point to the place where the pulnt in ques-
tion crosses the horizon in r151ng.

4:5. The term madar inm an astronomical context usually
refers to any of the small eircles onm the celestial sphere
having ‘the north pole as pole. In the course of the daily

rotation any point not on the equator traces out @ madar.

4:7. This corresponds to Birini's dictum in the Tafhim
{[5], p.229.) The usage of Ptolemy is different: see the
Tetrabiblos, [23a) i,14, and [8], p.163.

4:9 - 10. The reference here is 1o Lhe varying angle at
wiich the ecliptic cuts the eastern horizon in the course
of the daily rotatien. Right ascensians are those witnes-
sed by an observer stationed on the terresirial equator.
For an observer north or south of the equator the ecliptic
crosses the horizon more and more obliquely as the observer

moves away [rom the equator.

4:12. As Birunl indicates presently, in line 18, the
associated pairs are now Avies with Pisces, Taurus with
Aquarius, and so on, pairs equidistant from an equinoctial
point. The term equipellent is used by Wright [[5],
Pp.226, 227; cf. Tetrabiblos [23a], i,15).

5:10. The Abu MaSshar here referred to, and freguenily in

the sequel, is Ja®far i{bn Muhammad al-Balkhi (f1. 850) the
paromount sastrologer of thé Middie Ages, and known in
Europe as Albumasar. His Great Introduction (Kit3b al-~
mudkhal al-kabir ila Cila E?ﬁiﬂ al-nujum) exists in the
Arabiec original and in Latin translations ([103, p.gey.

5:14.  This al-Saifi is reported by BIrunl ([27]. p.85) to
have written a work on an astranomical instrument. He

is
apparently otherwise unknown to the literature.
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for its celestial longitude; the latter is the point of

“intersection between the ecliptic and the perpesdicular
dropped from the star to the celestial equator.

3:4-12. -The term "rays" here is am astrological one .&nd
refers to the influences which various zodiacal bodies were
ﬁﬁppnsed to project back at other bodies im configuration
with thew. . . .

Tasyir {(aphesis, directio) is likewise an astroelogi-

cal term, uwsually referring to the oprocess by which the

length of a person's life was supposedly predictable by
associalting it with a moving point on the  wecliptic. This

passage in the text, however, is unintelligible to us.

3:14'- 6:5. Associated Pairs of Zodiscal Signs

This is a standard part of astrological doctrine in
which, however, nomenclature and definitions differed some-
what, as this passage shows.

The term mudkhal (introduction) was used as part of a
standard title for a number of general'trcntises on asiro-
logy (kitab al-mudkhal i13 fLilm funﬁcat al-nujim), for

instance, the work attributed Lo Vettius Valens below, and
the ™"Grent Introduction™ of Abu Ma®shar alsoc mentioned
below. :

The Vizhidhaks, as Nallino ([19], vol.v, p.239; vol.
vi, p-291) has shown, are Pallavi versions of Veltius
Valens' "Antholegy™. The latter was an astrologer who
flourished in the second century A.D., or thereanbouts. ' His
name went inte Arsbic as Walls (or Falis) al-mumi (cf.
[ITJ’p.3TG). BIrunl mertions the Vizhidhak in others of
his works, in the "India” ([4]. transli., vol.i, p.158)  and
in the Tafhim ([5]., p.212) as al-Bizldhaj sl-REm3.

The first set of pairs of signs mssociates Gemini with
Cancer, Taurus with Leo, and s¢ on, called by Wright ([5],

p.227) gorresponding in course. (CI. also Bouché-Leclerq

{B], p.161). This simply couples palrs of signs, or eclip-
tic points,  which are equidistant from a solsticlal point.

Such pairs enjoy the properties enumerated by Biruni. The
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1:2-14, Introductory Definitions

In medieval astronomical Arabic  the word mamarr,
"erossing™, has the standﬁrﬂ technical meaning conveyed by
the modern term “meridian transit", In this treatise
BirunT wuses the same word in a number of more general
It is
Lo the explanation of tLhese usages that he has devoted Lhis
‘treatlise. He begins hy'seiting up tﬁreﬁ cosmic dimensions:
length {or longitude), width (or latitude), and thickness.
The first appertains to displacements more or less

east or west with respect te a terrestrial observer. We

senses, which we continue te translate by "transic",

say more or less, because the usage comprehends not only
motions entailed by the daily rotation, motions in right
ascension, but also the s5low displacements of the planets
along the ecliptic, motions in longitude.

The setond dimension is, roughiy speaking, measured
north and south. Again, hoewever, displacements either in
celestial latitude or in deglination are included in this
category. ‘

The third dimension involves motions normal to bath
the first two, that is, along the radius vector [rom Lhe
earth's center to the celestial ohject in question, It fis
appropriate that the concept of thickness be associated
with it, since it deals with the thickness of the fhollow
spherical shell of the ether.

With each of these dimensions one or more varieties of
transit is assotliated. The succeeding passuge deals with
the transit in longivude,

Eig; The two motions here referred to are, respectively,
the rapid rotation of the celestion sphere once per day
~from east to west overhead, and the much slower 'proper
motions of the plamets from west to east among the [ixed
stars and along the ecliptic.

2:17. BirunI here draws.a distinction between the darsja
{degree) of a planet and its darajut al-mamarr (degree of

transit). The former is the conmon medieval designatian
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In this coomentary references to the text and trans-
lation are made by pairs of numbers separated by a colon.
The first number gives the page of the text, the second the
line. References to the biblicgraphy on page 187 are indi-
cated by numbers enclosed in square brackets,

Concerning the life of al-Birini himself, the reader
will find a wealth of biographical and bibliographicali mat—
erial in [7].
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of each one of them to the extreme of its latitude as
the ratio of the required to one, so that ‘
they would be tvransformed to one scale (for compari-
s5on}). Such a gprocedure might give the highly elevated
one as the depressed one.

As for two planets which are at the quadrants of
the heaven with respect to the horizen,
if the vatio of the times (nzman) of each gne of them
from the degree of midheaven
to one hundred and eighty (is) as tﬁe ratio of the
required to one, there will result the magnitude of
their deviation from
the tenth (house), From the difference between them
the magnitude of the elevation of one of them above the
other is5 determined.
With all this, consideration of the basie rules
of the e¢raft of astroloegy is relevant, but no compli-
cations arise which require explanation,

The book is {inished, praise be unto God, the
Lord of the worlds, and the blessings of God upon His
Prophet ‘

and His Messenger, Muhamwad, and his virtuonps
relatives. )
And we finished copying it in  Mosul (Mawsil)
in Dhu &l-Qa%da )
in the year 631 A.H.
{July/August, 1234)
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the modified snomaly. And its sine, KH, ﬁs known in
units such that [B]C is the total sine.

And if 1t 1is ~converted to the  measure which we
mentioned for the radius, B¢

becomes of ‘the same sort as AD. And if HB is added to
HB or subtracted ' )

from it pccerding to what is required by the situation,

HH will be known, ﬁnd KH, the required dismeter

will be its hypotenuse, and that of KH. So it is knowmn
and its ratio to )

sixty, the amount of the radius of the deferent, is as
the ratio of the required, converted to these {units).
And if this is done to two planets, their situation
with respect to the mean distance will be known as to
pasitive or negative elevation. And by cemparing ome
of them with the other their transit will be determined
85 Lo whether it is jn one path,

0T whether one of them is elevated above the vther, and
the magnitude of the elevation, Hecnuse what was done
is from one magnitude.

As for the latitude of the two oplanets, if trhey
are equal in one direction, the
elevation between them will vanish due to its transit
at one small circle (of latitude?), but £{f they differ
the elevotion betwsen them will‘occur then. They are
in the condition of equality if one of them 1s
8t the extreme of its latitude and the other increasing
in latitude. And there is no deonbt but that the one
increasing is ready
for elevation. And if the one that is in excess were

decreasing It 15 more lliasble for the contrary of

elevation and its weakness. The preceding bhase (of
computation} is not followed for 4t which makes the
ratio of the latitude
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And if the different opinions and the confused
operations in this respect are resolved,

the wisest thing ic to deteérmine the time when the

" planet advances its distdnes from

the earth, and the Hindus cal] it the modified hypot-

enuse. )
And as_ an example, let ABJ. (figure 18} be the

deferent with center D

and H the center of the universe and T tLhe center wof

the equant. And let B )

be the center of the epicycle, and K the pesition of

the planet an it, And

KH will be this modified hypotenuse, and it js its (Lke

planet’s) distance from Lhe earth. And  because i)} is

the hypoténuse of a right triangle with

tegs BZ. the sine of the unmodified center, and ZH the

cnsine of this

center, having added to it TH, Lhe eccentricity, or

diminished from it ) '

8s required by the Situalion, or {when it is) devoid

of increase or decrease in 4 third, (when) the eccan—

tricity is

partitioned for a fourth. Se HB will be known, sad Cx

is

Figure 18
(p- 106 of text)
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103:16 anrd the inecrements, and the decrements in . them, to

‘simplify working with them.

THE SECTORS I 2" I 1. g
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$33|The direction north south
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Figur‘e I (p_ 104 of text)
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for Mars was true, since by wmeasuring its pesition
With respect Lo its apogee it is descending, I mean in
the

fourth secter with its mean less than the true longi-
tude, And hy measuring the position of Saturn rela-
tive to its apogee, it is ' ' '

in the second sector, ascending. And due to Lheir

- agreement in character (i.e. in-sign) he ook the

difference between Lhem.

And it (the excess) is for Saturn. And he divided the

two hundred and seventy-five minutes by

Lhe apportionment between them. S0 there came oul one
part and ten minutes,and it is the elevatiovn of Saturen
above

the sun. And the sum of what le got from the eleva-
tions, (is} =eleven parts and twenly-six minutes.

Its duration, by measuring the tasyir, is eleven years
ind five months

and six days. He worked backwinrd an il the twe hundred
and forty yeurs

which are for the transfer of the transii. And he
arranged them according te the Strength{(?) and the
witnessings

desired from astrology. And what resulted from the
example of M3shEll3h is that he sees

the transit as fixed in between the two conjunct
planets, and he sees its weakness by recession,
and  its vanishing by falling, oven Lhough their
magnitude might-he small. And he follows as Lo ascent
and descent the secand opinion and not the first. And
thus I have made known the aims of the opeople

in their operations.

So let us put mow in a table what has bhecen
mentioned of the requirements of the sectLors,
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from there it_ is ascending, and by elevation by
[subtractiun].'ﬁot by addition. '

" And  because of this, one might think from rhe
word of ¥ish3llRh that I puc
Mars in the opposite (point) to that place that he
means (for) the position of Jupiter, snd that he put
Mars in fourteen degrees of Pisces. But had he done
{that) the equation would have come out for him (as)
three parts and one fourth. And if he had it in
oppesition to Jupiter as twenty-two degrees
and forty-four minutes of Pisces, the equation would
have ‘come out for him 3as seven
parts and a half. And had he put it in opposition to
fLself. in fourteen degrees of
Virge, the equation would have come out for him as
seven parts and one miaute,

But @all these derivations are far from the

{chove-)mentioned minutes.
And after that he worked on the sun nnd Saturn. He
had already finished with Saturn in 1ts position,
50 he placed the sun in its (Saturn's) place and
dropped from it its apogee, which is [eighty] parcs.
And he explained that it is one hundred and twenty-
five minutes below the sector; it
is in agreement with the tabular entry opposite the
remainder, which is one hundred and nine degrees and
eight minutes,
in the table of its equation, and it is Lwo parts and
§ix minwtes, and he did not use it as being 1in the
first (point)
of Aries, I mean its (proper} plate, nor in the first
{point) of Libra, 1 mean its opposite (point) in the
sign of Saturn, ’
because its equation at both of them (is) two parts

and tea minutes. And what I had predicted, as to its
direction,
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and divided the five hundred and farty-eight

by the appertionment between them,

minutes

dccording to him. So there cume out (fur) the eleva-
tion of Jupiter over Saturn five parts and twenty-
eight

minutes. And he attempted after that Jupiter and Mars.

As {for Jupiter._hc diminished
its apogee from-its position and claimed that it gets
sixty-seven minutes above the sector. )
And that is close, .because the Laﬁular entry opposite
the remainder, which is twelye degrees,
and foriy—five minutes, is one part and nine minutes,
And by taking the difference between the two equations
the equation of the center will be one part and eleven
minutes. , ]

As for Rars, he put it in the place of Jupiter
and subtracted from it its apogee,
which is one hundred and fifteen oparts. And (he)
¢luimed that what it is is five hundred
and sixty-six minules below the sector. And that s
not far (off) as the tabular enlry opposite
the remainder, which is fifty-seven degrees and forty-
five minutes, in the table
of the equation of the center for Mars, (is) nine patts
and twenty-seven minutes, But the difference between
the two equations is far from it.

And because of their difference in character (i.e.

sign), be added what is for it and divided the six

hundred

and thirty minutes by the apportionment between them,

and the elevation of Jupiter above

Mars came out (as) four parts and forty-eight minutes.
As for the descent of Mars, it i5 from the

side of its position from its apogee, regardless af
the position of Jupiter in which he placed it, 5o
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from the center and added the apogee to the remainder
and got one hundred and eighty-one '

degrees uand nineteen minutes, which is the approximate
mean position. Aad the excess of the true longitude
over it implies

descent accnvding to what preceded in his operation.

But a part ouwt of six parts and one Lfourth

of it will be seventy-five minutes, and so0 it did not

go into descent
in this manner. But rather the deferent was decreased,
and Saturn, in it (the deferent, is) in the fourth
sector.
And the adjusted center is more than the unadjusted,
and it is therefore descending in it. Thea he put
Jupiter in the position of Sature, because it Is going
to be conjunct. But when they become conjunct he
Ltakes
Ltheir (common) pasition. And because of Lhis it would
have been better to perform his operation upon both of
them at lthe part (i.e. longitude} of the conjunction.
And then he diminished Lhe apogee of Jupiter, which in
their =z1j (the Shah) is one hundred and sixty parts
from the longitude of conjunctian |,
and ciaimed that it is replaced by one thundred and

forty-eight minutes ascending from the sector.

And that is cqual te the tabular entry oppoesite the
remainder, which is twenty-nine degrees
and eight minutes, and it (the entry) is two parts and
twenty-eight minuwtes. And on separating out Lhe two
enuations,
the equation of the center will be approximately twe
parils and nineteen minutes. JTLs ascent
tis) in accordance with the second opinion also
because it is in the first sector.

And since Saturn and Jupiter differ in character
ti.e. sign), he added what minutes they had
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by not being in aspect or relatioen. He started with
what is between Saturn and Jupiter. So he decreased
the jawwl of

Saturn, that is its [apogee]l from its Ltue longitude,
and he claimed that the tabular entry opposite the
remainder is four hundred minutes

descendirg in the sector.

However, the apogee of Saturn in the Shik Z1j (is)
two hundred and forty parts. 50 the remainder would
be
three hundred and npine degrees, and opposite both in
the table of the equation of the center

for Saturn (the entry is) six parts and thirty-five
minutes. And that ig near to what was wmentioned.

Because

this remainder is not from the wnmodified center, (i.e.

it 15 from the adjusted center) so that this item will
also be

its equation in reality,

It may be that his operation in getting the
{above-)mentioned minutes was that he
took with the distance of Saturn from the s5un, which is
one hundred and Seventy degrees and
fifty-two minutes, the tquation of the argument for
Saturn, and so it was ppe degree and eight wminutes,
and he subtiracted it
from the position of Saturn. So (it, the position)
became one hundred and eighty-eight degrees, and it is
approximately the '
modified center. Then he subtracted from it the apogee
and took the equation of the center of Saturn with

what remainde,

and it was six degrees and forty one minutes, as they

(the wusers of the Shah 2zIj7) sentioned. And he
subtracred it
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"However,in departing it is weak." And this, from him,
is an indication that he considers a transic in
opposition as  being in conjunction, with the sectors

being different., “Then if it is receding, it

"beeomes weak because of recession tinsiraf}, nol

becawse of the vanishing of the Lransit,- since its

vanishing (implies}) the vanishing

"ol the elevation, which occurs only at equality."
The place where Abw Ma®shar [fixed the transit,

which does not vccur excepl at

the pluce where he made it weak or nuil, is contrary

to what {most of) the people do abowt ivL.

Mashallah was kind enough to produce an example ol Lhe

yYear—transfer in which the transit passed from the

earth triplicity

te the air {one}, and its horoscope was (at)} two

thirds of the sign of Leeo, and Jupiter was in

Virgn‘in twenty-two degrees and forty-four minutes.

Saturn (was)

in Libra in nine degrees and eight minutes, and Mars

(was) in Pisces in fourlLeen degrees.

And there is no use in mentioning the positions of the

inferior (planets), since he did not use them,

#5 il their strength in important matters is litile.

And because the conjunction is in reception and Mars

lis) going Lo be conjfunct with Mercury and the sun

with Saturn (he) made some as elevated

over otherr, his opinion regarding it {(being) diffe-—

reat  from that of Abu MaSshar, (which is) te fix

Lhe transit between the Lwoe (planets) in conjunction,

even though what is between them became [srtHer in

degrees. And he changed their iwo places

in the two seciors, explaining that the weakening of

Lthe transit will be by recession, and itis vanishing
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to an extreme {value) for desecent and decreasing Lo an
extreme [or ascent so that ascent will occur in the
second '

and descent in the fourth, aceording to, he says,
decrease from the extreme,

or rvecession from Lhis (decrease), and this, praise
God!, (makes) a third opinion,

" And he said, concerrming the 1wo luminaries, that
up to 5ix signs they are ascending above the mantaga,
and in all that remain (they are) descending. ’

Then he explained the whole matter in detail also,
that up to three signs they are asﬁending, and up Lo
six descending from ascent to the mantaga. And up tlo
nine (they are} descending [rom '
the mantagqa downward. And in what remuins {they are)
ascendiné from their descent.

However, the usage of quadrants is due to what we
have previously mentioned about the Hindus and Lhe
Persians on
culting (i.e, determining) the kardajst of tLheir two
equations and the equation of the center at the
complete ¢uadrant,

Generally speaking. Lhe first opinion {is maoin-
tained)., But in the concise part (of his statement he
agrees) wlth the first opinion, becnuse decrease
in the equatien, if it indicates ascent in the epi-
cycle (it) occurs in the third
and fourth epicyclic sectors, whereas with the defe-
rent {(it) occurs in the first and second sectors.

Whereas in the details he assumes the second
opinion. And how strange is Lhis of him,
since his doctrine differs as hetwees the . summary and
the detalils. Thereupon, in what comes after that,
(he) seid: "If Lhe conjunction exceeds one minute,
“the transit becomes weak, but (it is) strongest when
it is in conjunction.
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and descent were defined by those who take them frem

the first diameter, I mean ‘the

and the nesrest distance,

However, according to these who

the second diameter, I mean the two m

farthest distance

take them from

ean

distances,they would not be determined excepl by compa-

the equated (or modified) argument

and the magnitudes of the sectors as

orbits.
Thus this

statement of HMasha

interpreted except as meaning that

‘rison between the unequated (or unmodified) center or

set in their two

1lah cannet be

ascent and descent are in the deferent {or the three

superior (planets), but for the two

they are)

in the epicycle.

And what follows din his book

confused. For verily he said: "As

the inferior (planets),

inferior {(planects

is still more

to the transit of

“they are up to six signs attracted from the orbit (or

circle, mantaga)

are ascending.”

downward, and in wh

at remains they

And this is the second opinion,common to the majority.

Then he expiained in detail what he had said in n
concise way, saying: ™As for Venus,
"and 8 half it is falling from the downward, and up to
six signs ascending from

up to four signs

"its fall from the montagqa,and up to seven signs and a

haif ascending abeve the mantnga,

"and up to twelve s5igns descending from ascent (down)

to the mantaga.”

for

And he mentioned

{what is) 1like it

the secters of Mercury with their magnitudes. And it

could hardly be imagined from the ascent in the second

sectLor

and descent in the fourth extept to replace by it the

maximum equation,

increasing
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Lo him, except (for) the opposition, which he Louk at
the tree opposition, unmodified.

And it is apparest that this is in accordance with
the seceond opinion, But when it passed this position
he claimed that the planet (is) ascending in the first
and fourth sectors, and descending in the rest.

And this is in accordance with the first opinion, (Even
this would noL have been so bad) had it not  bheen
followed by 2 confusion, which is

his saying that that is for the three superior {pla-
nets), whereas Lhe usage with the inferior (planets)
is to consider

their epicyclic sectors. And these are words void of

meaning. Since the five planets have in common

 what demands for one of {any) two of them a deferent

and for the other an epicycle. And the two lumineries
share with them

one of the two of them. And no matter how ascent and
descent are taken, they are all
the same, and not differing except by the maynitude of

the sector because of the variation of Lhe miagnitudes
of the

total equations.

And if it is sald abeut Lhe true longitudes of the
sun and the moon, and about the adjusted center of the
planet,
that if it becomes less than the mean, then it is5 in
either the first or the second of

the deferent sectors, and il it is larger than i1, it
would be in ome of the remaining ones. Hut if the Lrue
longitude of (one of} the planets

is larger than the modified center, the pldnet will be
In either

the first or the second of the epicyelic sceturs, but

if it is less it will be in one of the others. Ascent
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the equation of Z, (it) would be the elevated (ane),

‘and it is the lower one, and {it is) the mEasurement

of what is in the quadrant DA.

But the case in am wopposition, and (what) is betiween
the planets M {and) © of elevation

is HS, which, aceording to the first opinion, is the
sum.of the ascent of M and the descent of <.

And the latter opinion requires waddition aisu. What
on earth justifies

their addition? For the ascent of planet M is JH, and
the descent of '
pltanet © is AS. And it is necessary here to go back
to the first opinion and '

to takwe ascent from diameter BHD (as) towards A, and
descent

from it (as) toward [J].

And after stating this we go back to the confu-
sions found in the books of
Mash@ll3h,and we mention them with their difference(s,
i.e. their variants). Though it is more probable that

their cause

is the faults of the copyists and the ignerance of the
users.

And he said in his fifteenth boak(?), "On the
Transfer of the Cosmic Years™(Fi tahwil sinl al-%alam),
tike what was said by Ibn al-Farrukhin. And he took

also, in an example for Jupiter, ome part out of six

parts

and one guarter of a part of the difference of what is
between its mean and its true position. And he added
it to its true longitude

if It was descending. And he derived the required

magnitude of the projectien of the rays by the OpeTride
tion ascribed
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ascent for (that?) one of the differences (detlermined)

with the agreement of the property (i.e. having the

same sign) at its leg. Then -we suppose the planet

in this quadrant (to be) at M, and then its transit

with 2 wil} vanish because of rhe equality of their
equations.

And the elevation of planet M over L wiil be the
magnitude of the excess HK,
and that is becsuse of the agreement of the tLwo

planets M (and) L in the property of ascent. And thus
is the case

for any two planets found together in one quadrant,
according te the rule of the operation.

suppose a planet

Then we

{to be) at © in the second quadrant. So its transit
will be at 5, and the elevation

of planet Z above it (will be) HS, which resuits from
adding the ascent HI to )

the descent NS, a;d verily it is in accord with the
first npiniun..

However, according to Lhe other opinion, in which
tase they agree in descent, with the condition
Tor its validity being the taking of the diflerence,
it is possible that HS be the difference between the
descents )

AH (and) AS. But if the descent AH occurs at the equa-
Liun of Z, ’

then at the equation of €, the wonly thing that can
result is S, and HS

does not résulL fr;m the difference between AH (and}
H5 unless the sum of the two equations of )

i {ang) ¢ is subtracted from the sum of Lheir Lwo
total equations, and then we divide the remainder by
the appertionment.

And according to this opinion, if the excess is
for the equation of © over
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by the fourth of trhe magnitudes, because it is ene.
But he (Nashdilah or thmar) djvides it as it is by the
flext (number in the propartion), which is

the apportioning {coefficient). And the wmethod
satisfactory if

15
the excess is to the equation of the
planet

having the yreater total gquatien, but if the excess
is for the equation of the oiher one

it is not satisfactory.

And we are now investigating (that) opipion which
coincides with elevation, which is pne
of the two opinions regording ascent. S0 let us
suppose planet L (to be) in the fourth quadrant,

I
L
D

I

Figure 16
(p. 95 of text)

pem?ec

and its transit will be at K and its ascent HK,and the
elevation of planet Z aver it

{is} HK, I mean the difference between the two ascents.

However, according to the latter opinion

it wilt not hoid, because the descent of Z tis) An,
und the ascent of L (is) 73k, )
But HE is not Lhe difference bhetween them unless he
callsl AL, whieh 1is the supplement of [J]L, the
descent for it, 50 that the magnitude of descent will

be {egual ta) AK,and we make the required condition as
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the elewvalion, i5 the difference (of the distances)
which are between them. But according to the second
opinion they are descending,

and their descents (are) AH (and) AK. And  HK, the
elevation is the differencé {of the distancesi which
are between them.

50 if the maximum equalions are equal (7} for both
planets, and in addition let its (what's?)
at

pesition be

epicyclic apogee,so that the argument of planet Z will
be more and the argument of planet Y
less, it would be in agreement with -the law of eleva-
tion, since it is the one having the greaster equalion,
But
the actual situation is gontrary to this.

And because it is possible that the total (i.e.
maximum) equation for planet Z is .
greater tham the total equation for planet Y, the
partial equation(s)

may be equal in amount al the two positions Z and Y,
and even that

at positien Y, might exceed Lthat at position Z, even
though the two total (equations) were equal,

as well as where that for planet Y is greater. Tfut
this is contrary to the law

for the elevated (ones). And the ratio of the diffe-
rence between tLhe 1wo equations, at it, i§ to the
amount of elevation

as the ratio of the greater of the two total equations
for the two oplanets is te the smaller. Because
in apportioning, when the greater of the two total
{equations) is divided by the smaller there resultrs
Lthe ratio

te unity of that ratio. And due 1o this we do not

pultiply the difference between the two partial
cquations

103



13

]

10

13

14

i5

16

17

ON TRANSITS

its first diameter. So the apogee will be A or (it

"will be) the epicyclic apogee; and BHD is its second

diometer.

And let the succession (of the signs be) from A
towards B. And if we regard it as

the epicycle of the planet the true longitude will be,
in the Semi{circle) ABJ. in excess of the center (i.e.
the mean longitude or danomaly}),

while in the semi{circle) JDA less than it, But if
we regard it as the deferent {of the planet) the
center will be less Lhan the mean in the semi{circle)
ABJ and more thanm it in

the semi(circle) JDA. And the equation in both orhits
is

increasing in ameunt in the quadrants AR (and) JD, and
diminishing in the quadrants BJ (and) DA, and that is,
among

the people,.computed by the (method of) sine:

And we have already mentioned tlat Lhere are two
opinions regarding ascent and descent. Une of them
considers ascent.(to be) in the semi(circle) DAB, but
Lhe other considers it {(to be) in the semicircle JDA.
So let Z, a point in the first quadrant, be the posi-
tion of a planet from which we measure
Lhe‘pasiliuns of the planets. And we let planet Y be
With it in (the same) quadrant, and we drop [rom them
the twe perpendiculars ZH (and) YK, and their two
transits (in thickness) wili be at the 1two points #f
(and) K,

approximately, because the accurate determination

"would be to draw, with the center of the wniverse as a

tenter and the distance of each
from Z (and) Y (respectively) as a radius, a circle
tmadar) sueh that their ends will be at the diameter
AH[J] and their two transits will be an it.

Whereas according te the first opinion, their

ascents will be HH (and) HK. And HEK,
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after we changed into seconds for simplificatian.
And it is apparent from SUmar's words thar he

divides the orbit, for ascent and descent,

by the d jameter passing through the farthest

and the nearest distance,and it

distance
is one of the (above-)
mentioned opinions

regarding ascent and descent. But inferring
the situation of

it from
the mean and true longitude gives & different and
invalid {(result). For the difference between
e in only

them may

one af the two heavens, or it may be compounded of the
sum, in agreement in both of them, or t(he difference
of two differing (categories).

Hence, it i5 necessary to define ascent and descent
for Lthe deferent by what is between

Lthe mean and the adjusted center;and for the cpicycte,
from what is between the center and the

true fomgitude. DBut the deferent differs im this
sense {rom the epicyecle, if
the motlon is from its epicyclic apogee aleng (the
direction of) the svgcession (of the signs).
And it is known from his operalion that he  uses
Lthe equations themselves without transforming them
by an eperation which was previously (explained)
regarding the dependence of the composite ratio in it,
and Mashallah is in agreement
with him in that,and even more confused (than he was).
And before discussing his opinion, we state whal
helps in considering the problem from his (?) point of
view.
Lev the orbit ABJD (Figure 16) be divided by the
sectors, AB, BJ, JD (and) DA
into qgusdrants, approximately, since this is not the

ptice far precisien, and the equatien of the center

according to the Hindus and the Persions (is) divided

at the quadrants of the orbit. And we extend AN[J],
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"of Lhe two -categuries; take the difference between
their two equations for iL:' But if one of them ascends
while

"the other descends, add their two equations far ft,
and divide the result of thal by the apportionment
"betlween ithe twe planets. Thus there will ctome out
the magnitude of the elevation. And Lhe tonsideration
for it, for each sign (is)

"six. As for the apportionment between the - iwo
planets, it is found by taking ihe eccentricity

"of each ode of them and dividing the

by the smaller

, and what resul

"is their apportionment.”

L5

larger

But verily MashallBh divided the maximum

of the epicyecle and its numbers [or each,

and we have
irrangements),

equations

put

both types,

according to

in

the

ziJ,

of

for

{Apportionment]
berween the Flanels
i the Epicycle

Y4,

6082

4/11

6823|2544/

"'/ndj

%

296205

®

/13500

>

VL

13477

*/%
i516f31]

9/4
7123

4 A .
| Ta| T e e | 9/
4579 | 7896 Oé{}» 4[ljoz |6784
-
Yo | e | Vo «© %/y
13994 | 8283 |18217 T | 7900
& N
% % //9 9[3 4
13924\ 8283 18217 1 >
g
V& J’L/Q /8 Q/ca é/?
7755|4590 1100/0|645%6 |6496
WA AN AR AR,
6288|3722 (8180|8012 | 8012 4440

100

Lthem

equation

two [pulpitit-shaped
Shah

the

Fig [15]

(page 87
of text)



6%

G0:

10

12

13

14
15

17

18

TRANSLATION

{equal To} laulf Lhe sum of rthe two magnitudes, and it
is at the Lime of tangency, if we imagine them {to be)
in ane heaven
he (must} remove from it the matter of parallax, since
he needs it in what relates to it
of wuncovering and eclipsing. But there is no use in
followiny the discussion about
that, and we shall do it when considering his =z}, if
God delays our due time and helps us do it?

And there is mno doubr but that CUmar ibn
al-Farrukhan and Mashallah are midway
between AbU Ma®shar and the Persians his leaders. And
their words, which are confused and self-contradictory,
are not worth mentioning, {(yet) it is well to state
them for two reasons:

One of them is to make it known that ADL® MaS%shar dues
not agree with them, and the second Is to drive Lhe
reader away from him,
lest he should think well of him, and imagine from its
non-appearance in our talk, that we did not find it.
And so let us say what we found concerning that.
Cfmar said: “Transit exists enly in coenjunction
and oppoesition and the quartile and then it is
weakened for the
"trine and sextile. And the excess of Lhe true
longitude over the mean is the indication of descent
"ol the planet, and being less than the mean is an
indication of its ascent. Then present the equation{s)
"of the iwo planets to determine which planet is the
higher in transit, and find it for each

"one from the second, deferent (79 juwwi) and chord,

meaning the eccentric and the epicycile, and use
"each one of them with (its) opposite (j.e., its
corresponding one of the other planet). And if the

planets ascend together or descend together in one
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"in strength of aspect (is): ctonjunction {has) priority,
then opposition, then the quartile, then ‘Lhe trine,

and then '

"the sextile, except that the last tLwo are weak, and

the upper one of these two planets,

"which transits over  the ‘oLher is the one nearer to

the epicyclic apogee. If _they become equal!, neither

"transits over the other. And if the lower one of them

becaomes lowered by the amount of the minutes of jits
body {i.e., apparent diameter) which are perceived
"by vision as put for it in the table of its equation
in that z¥j. Then, if it passes it,

"the Lransit becomes weak and it goes on getting wenker
and weaker until their two sectors become different,
and then it disappears.”

And this is the gist of his tnlk.

And in this he is an innovator and a4 reconciler
by his innovations, since how conld the transit vanish
due to the difference of the sectors, since the wupper
two are precisely those above the lower ones,
and the [diSLancesj of the one sector are different;
and whichever of them is nearer to the epicyclic apogee
(is) above the one below, But the transit vanishes at
the equality (of the equations?) dwe to the vanishing
of the elevation (of ‘ohe over tLhe other),

And it is non-zero when there is # difference and
increases in magnitude with increase of the difference.
0, if the transit

is nonexistent, the (distance) between the two transits
will increase, and so it is moréd ibgical for it 1o
vanish due 1o the increase in (the distance) between
the two [(heavenly) bodies, and opposition at it
(transit) is stronger tham the quartile and it s
farther from it in magnitude
and distance.

And what he ought Lo have done in Lhe requirement
of the magnitude of the planet is to make it
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that are together

consider it

when one of Lthe two of them is

and the

octher

in

that differ

in two seclors, even though

in  the

an

inferior-

two

superior
together in the two inferior sectors.,

in a

sector,

But

Superior

or

sectlors,

he daes not

for thuse

they are in one direcliun,

And these are Lhe meanings of

his
z1]; “"Verily transit between two planets which are in
aspect
"is divided into two parts. One of them is thal Lhey
be together in (one of} the two superior sectors,
"and the seccnd that they be together in (gne of) the
two inferior sectors. And that is either in the

deferent

“or in the epicycle.

to the

superior

"epicycle (sectors),

(sectors),

And its

superior

deferent

{(sectors),

his saying

and then to the inferior epicycle

erder
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of the planet, ltike that operation, se that he
obtained the partial chord [or it; and he

divided it by the chord and called the vresult minutes
of transit of the planet from the chord. And it,

in the firsl sector, is that which, being divided by
Lthe equations,is the magnitude of its descent from its
upogee to its . o .
transit from the echord. So if the minutes of the apo-
gee equal the minutes of the chord, its transit would
be

at the beginning of 1the second sector. And he
subtracted in Lhis sector the minutes of transit from
the chord, so there remain

the magnitude of its desceat in the chord. S50 if the
minutes of transit are null,its transit will he at the
beginning of

the third sector. And the minutes of transit in this
sector measure the magnitude of its ascent and transit
in the chord. And in the fourth (he) subtracted the
minutes of transit [from] (those of) the chord, and
there remained ils ascent in this

seclor and its transit in the chaord. And it is appa-
rent that he takes of the maximum equation four
parts of iwenty-five of it, and he measures by it its
ratio of the partial equation. '

And  the ratio of the part to the part that is named
after it is as the ratio of the whole to the whole.
5o either

he did that or he measured the partial equation as it
is to the whole (one) as it is; and what

~he gou from these chords (is) what we have put in this

table: (Figure 14, on the next page.)

And this is AbU Ma®shar's wmethod regarding the
transit of the planet from the choerd. However, as [or
the transit of the planets,one across another, accord-

ing to his description, it will be for two planets
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But there is nothing in the equations of the dpogee
more than what there is for Mars in the Canon, and
there is nothing in

the equztiens of the epicycle more than what there ig
for Venwus in the Shah 21, and their sum, even though
they are not added, i5 less

than sixty. So there 1is no restriction, so far as
these number{s) are concerned, to the aSsumed maximum
(size) of the Lranmsit, .

(And there is nothing to explain) with regard to Lhat
except le say that what he put in the table are the
arguments of the degrees,

adjoining them (the degrees) in  the column of Lhe
argument. And i{ he regarded these degrees as minutes,
{the entries) which correspond to them

in the table are rearranged by putting a zero above
them, they are for their argumenls; and if it is
secands, what is Uppusiie it is rearranged Dy pulting
Lwo zeroes above it, would also (he)

its argumenl. And the Lable includes what he needs

‘for the moraing (sic) and its uccessories.

However, this magnitude which was obtained for

the transit [rom the difference {which is) combined of

the two equatioens, was forsuken by AbU Mafshar, who
took instead Lhe components and performed far cach
planet

gl iLs maximum equation tLhe gperation we have mention-
ed. And he called the result the chord of

that planet, retated to the apogee if it had Leen
performed with the equation of the center, fnd]
trelaLed) to the radius

of the planet if performed with the equation of the
epieycle. And he put them (as) bases. Then he opera-
ted

with the equation of the center and the anomaly each,

(which are) the two parts in the determination of the
true longitude
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the difference is in need of Lwo multiplications: one
by ferty-eight minutes, and the other .

by twelve minutes; and the product of one of them by
the oviher {(is) nine minutes

and three fifths of a minute. And if the difference is
meltiptied by it there resulis what is required,

Awd then (the above) was found in the talk of MEsh3113Eh
aboul the Book of Cunjunctiuﬁs by

Ibn al-Buzyir.

And in  Habash al-Hasid's z7j there is a sugges-
tion regnrding-Lhis (and‘Lhal is) of multiplying the
excess {difference)
by seven instead of the [uur there, and dividing the
number by iwenty—two instead
of twenty~-five there, and there results whkat is
required. And he hud suggested in some of Lhe copies
doubling what comes out, whereas halving it is more

relevant, since Lhe result would be close to

twice what reéults from the base ratio.

And 1 do not know from where Lhey have taken this
ratie. It seems as if they had sought by it
Lo curve a straight line and bend a plane. Bur what
i1s more strange is what I have read in some of Lthe
manuscripts
of the Shah Z7j of using the ratie between four and
twenty-five
for the superior planets and using thalt between seven
and twenly-tlwo
for the inferior oaones, thus introducing innovations
"queerer ihan Lhe croaking crow". '

And Ibn Muhammad in his al-Kafi 21j, thas dropped
ten ocut of the )
tWwenty-1wo and made the division by twelve. And some
of these who perform this eperation
have composed a table for the transit from one to

sixty and computed i1 according to the preceding
calculations.
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in the rotie of fifteen to twetty-two. And i[ the
first were made thirty times

85 much as is necessary, it would then be nccessary 10
de the same foar the second so that it becomes

twoe hundred snd sevenmty. And the result of all these
corrupt ions is bad and lhey

areg different in the numbers.

And al-Farghinl has mentivned, in this cannectlion,
to transfarm the whole fexcess] into minutes and to
multiply
by forty-eight minutes and Lo divide the product by
five, and 1the vresult would be in seconds. And then
he doubies what remains and multiplies by six, and it
hecomes thirds, This agrees with what preceded
concerning the vratie beétween four and twenty-fTive.
For when he took a fifth of

the twenty-five, he took also one Fifth af four, and
that is (the 11hing) by whieh (he} mulliplied (iL),
And becawse division is by five and Lhe remain-
ders are parts of it, but sixty is what is intended
without five, And il twice five is multiplied by six
(it) will he sixty, .
and it is the divisor. And we should treal the remain-
Ing {ones} thus so as te have the ratio tome back.
And if he had
Laken one fifth of one fifth of twenty-five, which ig
one, and separated from four one fifth of its fifth,
and that i5 nine minutes and three fifths of a minuye.
and then multiplied what remains by
five thundred and seventy-six secunds, he would have
reached the first. And he would not dispense with
division
by elevating the result sexagesimally.
Also multiplication (is) hy farty-eight minutes
and division (is) by
Five; but what was multiplied by twelve minutes had

been divided by five, .and it laoks as if
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And in some of the books of the astrologers a

‘method is found acéurdiﬁg to which the difference is

multiplied by

forty and the number is then divided by a hundred and
eighiy, and the quotient is then multiplied by
eighteen, and the preduct is divided by twenty-five.
However, the two numbers of the secnhd ratio

have the same form (as the previous ratio), whereas
the two numbers of the first ratio (are) each equal
Lo twenty times

what is required, and the result is correct and
unchanged. And in some of them

the two numbers of the first ratio are found also,

multiplied by twenty. But (in the case of) the numbers
of the second ratio

the firsi is three parts. and Lthree fifths, 1 mean, two
hundred and sixteen

minutes, but the other (is) five minutes. And this
seems to be a slip of the copyist,

because when he saw the first number in minutes he
thuught that the second is Lhus also, and so

ke assigned the same {unit) to it. But the five are
parts, in fact, and not minutes.

And no regard should be paid te the variants of
the copies and the errors of the copyists,for AbE CAl7
al-Shahid mentioned
this same thing, but dropped eighty from the diviser
in the first ratio,

@and it became one hundred in his edition. And also in
some books of Mashallah

the thing multiplied 4im the first vratio has been
changed, and it was made (into} one hundred and sixty,
and that is four times

the forty, but the divisor in it was left as it is,
that is one hundred and eighty. And they were both
corrupted

in copying some of his books. Sc he made the first

sixty and the second eighty-eight. And they are
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he sought in his operation the equation due Lo (the

distance) between the center of the universe and the

"center of the deferent, But

the ratic,according to him, for the orbits of the two

luminaries, they (the orbits) being the carriers (of
the two luminaries), have the ratie of two times and
one fourth a time,

I mean the ratio of nine to four. And he used it as
it is. Then, since the center

of the deferent in (the case of the) planets i5 mid-
way between the center of the universe and the center
of the eguant,

he nses half of four so as to get from Lhe equations
whieh are engendered at

the center of 1Lhe equant, half what he would have
obtained had he used for it

the four as it was. But the result of that was made
Lo become what is imposed by the deferent center, not
the '

equant. And what a resemblance can be drawn between
the persoen who moves from the simple rotio to a more
complicaled one and the person who has

been invited to the happiness in paradise and refuses
to enter except after moking the (required) pilgri-
mage (Lo Makka). But if it is g virtue to complicate
the operatien by the insertion of an intermediary
between the difference and the required (thing), then
it is twice virtuous

to insert two intermediaries, thus having the ratio
composed of three ratiaos,

and it would come in eight numhbers instead of six.
God forbid,

since increase in the work is a decrease in precision
and increasing this is the putting of

one burden atop another.
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will take iL as being a preference for abandoning that
which is limited (in the sense that) it has few
numbers in faver of that which has

many numbers. As for Lhe (above-)mentioned ratio for
the determination of the required, i1 is composed of
the ratio of three thowsand six hundred Lo eight
hundred, and of Lhe ratio of Tive hundred to

three hundred and sixty. But the first ratio i5 the

ratio af nine Lo two,

and the other ratio is the ratio of twenty~-five to
eighteen. And that is that if

we divide nine by two there results the ratic between
them reduced to one (in the denominator},

and that is four and a half, I mean four times and
half a time. And if we divide Ltwenty-five

by eighteen the quotient will be one and Seven parts
of eighteen,

put of eme, I mean (one) time and o third and hall of
a ninth. And  if we mnitiply oene of these twao
resulting ratios by the other there results two
hﬁndred and Lwenty-five Lo

thirty-six, and after cancelling between them it
becomes twenty-five tp four,

and they are the tLwo numbers of the base ratio.

And  Abu Matshar used for the planets the two
numbers of the first ratio
of the two corstituent ratios, two and nine, and the
two numbers of the ovLher Tation,
thirty-six and fifty, and that is twice what is neces-
sary for it.

But for the two luminarics ke changed the first
tatio by making the number of tLhe true longitude
for them four instead of iwo, and thus he ended with
twice what
the two produced. Perhaps he was led to that by an

idea which is unknown to us, and he imagines frem it
that
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from the true longitude for the right ray. But
consideration of their operation without their
(stated) principle prescribes depression

of the lef! one and elevation of the right, atthough

Mashaliah operates with Lhe left ray,
then he puts the right ane opposite it and he does not
operate with it.

But the investigation in the matter of the rays
is separate from this are, although Lhey have connccled
it to irt.

As for the magunitude of transit, it is based on (the
idea) that it is a partL of six parts and one
of & part of

quarler

the difference between the mean longitude of the plunet
and its true longitude, I mean, four parts of
twenty—flve of it. So when this difference is divided
by six and one fourth by multiplying by

four and dividiang the product by iwenty-five, Lhp
result will be what is required.

And  Abu Malshar related this about those who hud
preceded him, {who slso} doubled these two numlbers
and performed wmultiplication by eight and division by
fifuy. )

And what I find in the books differs in the
expression of the numbers and in  increasing thenm
and in doubling the ratio and complicating it. So what
Mashillah explained, which is in agreement with what is
in
the Shah 21j and al-JawzaharI's z1j, is to multiply the
difference by eight hundred
and divide the result by three thousand six hundred:
and the guotient is multiplied by three hundred
sixty and the product is divided by five hundred, and
the result is what is required. And it may be
that these people have a reason for increasing these
numbers which we do not know, and until we determine
{it) we
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dscent will be in the lirst and fourlh sectors and
descent in the femaiﬁing enes. But

they have operated contrary to this principle. That
is that they considered descent us being increase of
the true longitude

over Lhe mean, and made it in the [irst and second
seclors, and (they méde) asﬁen; to be decrease of the
true longitude

below the meun, and that iis put) in the Ltwo remain-
ing sectors. Then they made rules as Lo Lhe magnitude
af the transit.

The meaning ol magnitude of Lhe transit is that
(distance) "which each planet of the two rises or
descends in its orbit.

Because if they hEcome egual in sscent and descent, it
is not said of either of them two that it is higher
than its partner or lower, that it {Lhe magnitude of
transit) be added to the true longitude il it is more
than the mean,

and subtracied from it if less than it. Thereupon the
operation of projection of the rays is perfaormed upon
Lthe result,

And they may call it the body of the planet. And the
true  longitude which we have Laken us an exampie in
the first of Cancer,

if we require that it be greater than the mean, we
need to add the magnitude eof transit to it.
And if we do Lhat the resulting leflt quartile will
fail at the beginning of Libra because

of sending the ray. But the right one resulting falls
at ‘the beginning of Aries, extended. Because

if it were sent it would have fallen at 1the latter
tpart} of Pisces. And consideration of their first
dictum without

their operation requires adding the transit to the

true longitude for . the left ray and its decrease
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and divides by others, them il tLhese same {numbers)
are used in {computing) Lhe partial equation, =accord-
ing to his rule,
a ratio will refate the (Wwo resulrs., Sch s thiag
astonishes us coming from ABbR Jaffar, without hisg
accounting for the ratio, Such dn operation makes Lhe
two of them alike in uselessness.

And we return after this 1o whilt we have been
considering, aad say that uhe beltiel of the
mentioned

Lalbaye -

peap]eKcnncerning each one of the supposed Fays in the
aspects of the six planers

is a known quantity. If the planet is &t its mean
distance it is projecied from

it ar its mean oposition {(or projectiond. Then it

rises frem it by its ascent and it depresses by jts
descent.

~And an exasmple of this talk of theirs is thot a
planet in  the first af Cancer,. for example, if
that were the position of its mean distance, and (i)
fts twe quartiles rall on tLhe two  points of the
equinoxes. )

Then Lhe first of Cancer, pProvided iiL is the position
of its apogee, will it project the light of its iwo
quartiles, the right(-hand side) being

inte degrees of the first (part) of Aries, and tLhe
left(~hand side) into the latter part of Virgo.

But if the first of Cancer is at the opposite (paintt
of its apogee, the right one is projected Lo the
latter part of Pisces, and the teft jnto

degrees at the beginning of Libra. And they have
announced that in sayinmg that if the plianet

goes down from the middle of jits seclor, that 1is, its
mean distance, it sends its light and thus descends;
but if

it rises from the middle of its secter, it sends jts

light to it and so it hastens. And it is evident from
this that
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four sectors it may be, behold f1 s gt its mean
distance from the earth. For there is neither equa-~
tion .
nor chord for it at this distance. And Lthis from AbLT
Ju€far is unsatisfactory. And he is Lo be criticized
in a manner by which ALT Ma®shar fs not criticized,
because of the difference in  rank between them.
50 we say to him, letr the increase or decrease of
the equalien correct it in  the falr of the orbit

which is related Lo it, what then wijil correct i
according to whair ig indicated by the sector and at
Lthe mean ‘distance, at  which position, in fact, it
dltains neither. Lhe exireme eguation nar the extrege
chord?

And suppouse further Lhat the mean distance were at the
position of the extreme efualion, and so on both sides
of it

in the two seciors lare) two positions at whieh the
equation is the same and tess Lhan i extreme, uand
in both of them it wii] be increased or decreased. So
what distinguishes between them 5o that (one} can be
led by it 1o distinguish

the seclor? Then we a5k him about what he said
concerning the vanishing of the equation and the chord
at this place,

which we have agreed with him to be the mean distance.
For they reach atr it their maximum values,

And what a difference thereo is between the vanishing
of @ thing and its attaining its maximum value {(preci-
sety), ne '

mere and no less!

But ABR JaSfar sti]) persists in 1he sharpness of
his pen and this frequent carelessness which made
him slip many times and say what he did nor verify.
And Abi Jafar knows, also,
that if ke uses in {computing) the maximum equotion

tertain numbers, some of which he multiplies
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in the fourth sector in order te measure by it 1he
difference beiween Lhe twa partial equalions if aone
of them

is in excess and the other |5 deficient.

And he had then made very many artifices for L
which were ol no use
for It except considering the equation im each vne aof
the two erbits with respect Lo the greatlesl one in i,
And it is computed at the position of the extreme of
the equalion (as) @ mean distance. Because one who is
better than him,
namely AbU Ja®far al-Khazin, omitted this or it just
evaded his attention, and this evading aof it is the
more probable for him in  this sitestion beesuse le
mentioned it in the Safa’ih z1j. And he criticises
AbU  Ma€shar's saving ‘Lhﬂl,. “Some of the ancienls
dealing with 1he profession of astroluogy
"sought knowledge of the planets, butl not muny of them
have determined its truth, but - we have cunsidervd it
"until we hsve extracted it and explained it and pul
it in our 2z7j". And AbY Jaffar
expresses his amazement 31 him  because he did not udd
to what has already been dane by those who preceded

him except in explaining some of the numbers used in

it

a5 what we shall say in detail. Then he says Lhat
there resulted for AbR  YaSshar the sun's chord
and accerding Lo its amount it ascends in Lhe eLher,
because its ascent and descenl Crom iLs mean distance

from the earth is according to the magnitude of the

“sine of 1he total equation, whieh is equal tp the

eccentricity.

So the ratio of the egquation to its maximum becomes
equal to the ratio of what belongs teo the positien of
that equation
in the chord to its maximunm.

And we will make it clear far him from what

vesults for the partisl equatioa, in whichever one
of the ’
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And it indicated the ascent of the planet which i
descending in the epinyéie ééen though, uader these
circumstances,

point 5 might be between the two points J (and} K, the
sum wn;ld be 'in excess (i.e., positive) and Lhe planet
in boith orbits descending, because he put ascent
relative 1o the mean distance and descent relative to
it. And if the planet is at point M,

with nmo epicyclic equation, and angle ZSH, which in
pur case fails to )

equal the base, then (the rule) indicated descent of
Lhe planet whereas indeed it had risen to

the epicfulic apogee and the center had not moved {at
all) yet, However, the mark of the planet heing at B
@and its opposite, which two are at the mean distance,
50 if he had added Lhe arc(sine) of half the eccentri-
ciLy

to ninety, and Look by (that) amount the equation of
the center, and added it tg twice

the arc (sine) of one fourth Lhe diameter of the
epicycle, which is approximately equal to the sum
of the maximum equations of the apogee and the epicy-
cle, and made them Lhe mean distance at D

and its oppusite (point) on the other side in the
third sector, the sum

of the two equations would bhe measured by them If both
increased together or diminished ltagether.

And he takes also the excess of twice the arc
(sine) of one quadrant of the epicycle over the arc
(sine)
of half the eccentricity, which is approximately equal
to the difference hetween
the maximum of the ‘equations in the two orbits; and we
make it an indieation for the mean distance at D and
irs opposite (point)
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the equalion of the center there is inaccurate, and

hence il is improper to add hoth equations at one
place,

they being at their maximum magnitudes, Let us bisect
cach one of the (Lwo) angles YHK (and)

KHL, and then the sum of Lhe haives will be angle THC,
and it i35 the base

which he put for consideratiaon.

Butr this operatjon of his is irrational, in which
he erred because this base was put for the  meas
distance,
and (he makes} the increase over it the ascent, and the
decrease below it the descent. For, let the epicycie
be at 5, and it is evident that  Lhe center at i,
which ;5 angle ZSH, is capable of being
equal to half anéle ZKH, or tess than iL, or more than
it.

And if it equals it, and then there is added to it gn
cquation from the epicycle in its lower part,

it (being) greater thanm hatf angie HK[Z), the sum will
be in excess of the base,

gure 13
];;??gtif'fext)
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That is that he added the maximum deferent equation to

the maximum epicyclie equatian o

and made half the sum = basis for the consideration of

bre of the two of them in the determination of the

planet's position.

He added them if their increases were together, or if

they decreased together, and he took their difference

¢ _ o

one of them was increasing and the other decreasing,

Then he compared the result with that base (value),

and if it were larger than it. he c¢cloimed the planet

was ascending, and if it were less than it., the planet

was descending, and

if it were equal to it, it was at its mean distance.
And let ABJ (Figure 13) be the heaven of the

apugee, With center 2, and the center of the wuniverse

H,

and the midpoint between +them T. And it is evident

that ‘B is {at) the mean distance

fn the deferent.  And let the epicycle [Fass through)

it when its center is at

one of the two points [R] (or) D. So it is apparent

that if the planet were at B,

it would be in the mean distance in  both heavens.
But, since AbU Ma®shar used the maximum equation

of Lhe center, we

dropped, to (fix) its position, HK normal tao AlJ, and

let the epicycle center be at it.

And we extended HHY tangent to it, and we made angle

KHL equal )

Lo angle [JJZK. So arc YL of the parecliptic (ig)

equal Lo the sum

of the maximum equation of the center and the maximum

epicyelic equatian, approximately, and that is {(becau-

se)

ihe position of the maximum equation of the epicycle,

by verification, is point A. However
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to what is in some of the books, there results trhe
unmodified anomaly. And if we use {this) instead of
the mentioned difference, for the superior planets,
between their mean and true longitudes, the result
deviates from its original (value) even if ascent and

descent in the epicycle are determined Lthrough it
Then, even if .

the excess by which the true lohgitude exceeds the
wean or lags it were resulting from a
simple single equation, this consideration would have
been sufficient, but it is (in fact) composed of two
equations, one of them
from the deferent and the other from the epicycle. So
there may result for it one amouant.
And the planet for one of the two of Lhem might le
increasing by computation, and in the other deficient
in it, and then the two (might) go by coancelling  each
other so that the true longitude would neither excged
the mean nor be less than it, .
But this would not be an indication thaL it is not
ascending or descending. }

Horeover, the true longitude might be in excess
by twe equations im those two directions, ‘

differing in usage (i.e. sign) and unequal in magni-

»tude, so that the excess would result from their

difference,

or they might be in agreement in sign, and then its
result would be from the sum of the two, or it might
be - from

an  equation {in) one of the twe direclions only,

without the other. But in the difference belween the

‘mean (longitude)

and the true there is no indication of a technique for
that or of detailed knowledge about it.

And here Abu Ha®shar's foot alipped after he had
mentioned what we have just said.
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both of them (i.o. both the deferent and vLhe epicycle)
is descendxng, those heing dependenL upon the . unmodiw
fied center “and the true anamaly.

Or perhaps the planet is ascending in both of them, or
descending in both of them, or in one of Lhem

ascending and in the other descending. Then the
ascent and descent {may be} equal and in agreement,
which is rare: more commonly they are different and  of
Lwo kinds, one (Lo he) added

to the mean distance 50 that Lhe first and fourth
secitors will be

ascending and the remaining ones descending. The
other {type is) related to the apogee and its opposite
{point}

50 that the first and second (sectors) will be
desceading and the remaining ones ascending. And to
this .

the wsers ol the Lransit, have referred, especially in
their operation aof projecting the {astrological) vrays.
S0 they consider

Lhe ﬁean (longitude) of the planets .(along) with their
true longictude, and when they lind it less than the
true longitude they cluinm

that it is descending, and when it is more than it

they claim that it is gscending. And because of the

cqualily in direction of

the epicycle centers of Venus, Mercury, and the mean

position of the sun, this consideration

for the twe ({inferior planets) is by (compering) the

mean longitude of the sun and their true longitude(s).
' Perhaps it is according to one of the zijes of

the Hindus and the Persians in which

the mean (longitude) -0of each one of them is the sum of

the mean of the sun and itrs (own) anaomaly. An& if the

difference between the mean (position) of the sum and

its meau,‘meaning the mean of the planet, is taken,
according

8o
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Ti:l5 by combination {(of the ceffects of the iwo heavens) and
individually., Aany planet which is nearer to ijts
fafthest distance in jts sphere is defined as

16 transiting over that (planet) which is farther than
(the first) from its farthest distance in itls sphere,

17 even though the order of the sphere of the one Lran-
siting over (is) the inferior one. And when Lhey
become equal ian

1B nearness from the farthest distance neither of Lhem
will transit over the other. And it was said thal
they follow

19 a single course, regardless of the difference in Lhe
order of their twe spheres, So it is evident that
Lhose who agree

72:1 upon this arrangement have not considered in iL below

or above absolutely or additively, but

2 relatively (with respect) to the distances. Since if
they meant tLhe absolurLe, the one having the inferior
sphere would never transit above the one of

3 the higher sphere., And if they meant the additive,
then let the centers of the two heavens of the planet
be imagined as .

4 cencurrent. There would Lthen be for them in the
transit no additive asbove or below either,except afler

5 equality of the two heavess. Because il Lhey were
different, then let the planet of each ome of them be

b in its apogee or each one of them in jts perigee,where-
upon Lhere would be no alternative to the

7 lransiting of the ane with the wider orbit over the
one with the narrower orbit. But since the matter

B is retative,they would revolve together in their paths,
meaning that each one of them .

q in its orbit dis at the same distance if therae is
assigned to the farthest distance a fixed number which
does not vary.

10 And if the case is so, Lhe matter of trhe transit
becomes suspended (i:.e. indeterminate); perhaps the
planet in '
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in the first and second sectors and decreased in the
Temuaining ones. In the ﬁaiher.ﬂf

light and size there [ollows for them what has per-
tained to the apogee sectors. They resemble in It the
latitude in

the quadrants of the inelined heaven, thus i,

“(starting) from the ascending node, in the two odd

quadrants will be

increased, and deficient in the twe even (ones). So it
will be ascending in the first and Tourth quadrants

in both of “its directions, and in the remaining ones
{i.e.,sectors, i! will be) descending in both of them.
And resembling it are the gquadrants of the celestiai

sphere as well as

the horizon. Thus the first quadrant is from 1the
ascendant in the direction of midheaven,

#nd the third quadranmt, which is opposite it (is)
increased because of the coming of the day in one of
them and the coming of .

the night in the other, and because of their approuch
towards the mevidian. And the half

which has the ascendant in itrs middle might have been
called increased totally because of its rising from
the nadir

to the =zenith, and 1the other half (might have heen
called) diminished. So  lhese are the divisions
of increase and decrease according to those who use

them in hoth professions {astronomy and astrology?).

Mention of the Thickness Transit

Since the distances of a planer in its two
heavens differ, there being for it a greatest distance
and a neavest distance and a mean distanee, which
{latter) is the mean of the {oiher) two, hetween Lthose

lare) distances of various magnitudes
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or the epicycle., Perhaps they did not d{want to)
picture it for their public in & way that would be
hard for them to umderstand.

And so  they explained it to them as (being due io)
halters foining them {ihe planets) 1o the sun, And
this is why their followers have claimed

that the slackening of the planet's cord is in the two
odd sectors,

and its [tightening]l in the two even {aones). And they
have assumed that when this halter tautens
tightens, it moves the planet

and

from its direction while retrograding, and when it
tightens another time it drives it from retrograda-
tion

to direct motion, and that isg by attraction and
slackening. And this (opinion}, silly as it is, might
be assumed in the case of Venus

and Mercury (to be) like a swing, pulled by a rope
from the extremes of iiLs swinging

on bhoth sides.

But ia the (case of) the superior (planeLs), 1
wish T knew how the halter eould be cqual Lo the
amount of
the first and Lhelsecund stations. And how does iLs
ltightening a3t them increase after being taut, where
nothing
beyond this can occur except breaking and severance?
And if the tightening has moved it from direct motion,
how can itL increase after it; and why does the retrow
gradation not persist with the slackening of the cord
after its tightening?

However, the situation of the equation with these
sectors is as what preceded with the dpogee (scectors).
I mean, it is increaseq in the first and the second
and decreased in the remaining (ones).

But  the computation is the vrteverse of what
obtains in the (case of the) deferent, I mean it is
increased
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However, in the lower segment for the planets,
their motion in it (is then) contrary 1to o
the motion of the center. And it is known that the
argument of the motion of the planet from the deferent
when )
it is less than the mution.uf the center, it does not
differ from the moon's necessitated motion in
the upper {part) of its epicycle bheing impelled to
slow down. And when it is equal to it
it necessitates stopping, beczuse of the equality.of
the two métions in two (opposite) directions. And
when it is more (than the other)
and contrary to the succession, there can he nothing,
after stopping, other than to retrograde. Sc the
travel ]
of the planet will therefore be forward in the first
and fourth sectors.

However, in the fourth it goes from slow te fast,
lveiocity), while in the first
from fast to slow. Moreover, in the second sector
when it is before the first station
it is in forward {motion), and tending te slow down,
and after it it retrogrades,  tending to speed (up,
backwards).

But in the third sector, (when it is) before the
second station it will be retrograde

and tending to slow down in it (i.e. in retrograda~
tion), and after it it (will be) in forward motion and
tending to speed wup in it. And the relation that
[6od] be He praised!, has set between the motion of
the sun and the motions of the planets
in the epicycle connects the matter of their retrogra-
dations with the sun.

But the ancients did not portray this retrograda-

tion with its true cause {(as arising) im the eccentric
orbit
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However, as for the epicycle, its explanation
should be freed first from the motion of its
center. And when we imagine it 'quiet and the planet
on the perimeter wmoving,
the situ=tion of the mooen in it will be 1like the
situation of the sun in the deferent,
And its motienm in the higher segment will be seen (in
a direction) opposite {(to the signs} and in the lower
segment
along the succession (of the signs.} But the situation
of the planets in ft will be contrary te it (i.e. rhe
moon) .
I mean, din the higher part along the succession and in
the lower (one) contrary to the succession.

And iIf then the motion of the center is combined

with it, and it is always along the swccession,

conditions will vary accordinmg to {the relation)
between the two motions, and the <(higher} speed,
for the moon will be in the lower opart, but for the
pianets in  the upper part because of the addition of
the two motions,
I mean the motion of the planet and the motion of the
center (heing) in one direction.

However, in the upper part, for the moon the 1Lwo
motions have different directions;
and what <characterizes the motion of the moon due to
the deferent goes apnalogously with the motion of the
center.
And hence there results a decrease in the motion of
the-moon from the motion of the center, and that

decrease

is a reason for the slowing down. And because of this

“the increments and the decreases in its sectors become

like what

has preceded in {the case o0f) the sun, and I need not
repeat it.
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in the dpegee, and at its opposite (point it is)
Iasi[eét), and at the beginning of the even sectors
(isj average. 3o it therefore ranges in the first
from siow(est) to the mean,

and in the second it ranges from the mean to the
{maximum) speed, and in the thirdl from (maximum)
speed

to the mean, and in the fourth {from the mean to
slowtest). And of then (the types) is the equation,
whieh is increasing in the odd sectors ranging from
little to much, and in

the even sectors diminishing, ranging from much to
Tittle, that is, in the epicycile,

And the case of the equation in it is like it (in trhe
deferent}, I mean, it is increased in the two odd ones
and diminished

in the wwo even ones, and from it is the «computation
which'is, in the first and second, diminished because
the

true longitude then ds less than the mean, hence
(there is) the necessity of decreasing tLhe gquation,
and in the third and fourth

(it is) increased because then the true longitude
exceeds the mean, hence {there is) the necessity of
the incresse of the equation. And of them (i.e. the
Lypes)

is ‘the aumber which, in the first and second, is
increased in it, and in the remainder deficient,  And
this was

because of the two rows (or columns) of the number and
the depression of one of them and the elevation of the
other, and because of the increase in

the nearness to the earth or because of the increase
in  the numbers which estimate Lthe magnitude, or some-
thing like that.

And this includes the sun and Lhe centers of the epi-
cycles of the planets.
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the {(points)  epposite the apogees larger In size and
ticher in light. And by necessity at the two

mean distances they will be in a mean and average
situation as to them {i.e. apparent size and light)
from then (i.e. the extreme positions). Then

in the first and second sectors it will be increasing
in light and magnitude because of its descent and the
increase

in its nearness. But in the third and fourth sectors
(it will be) decreasing in them (i.e., these two
qualities) because of its. ascent and the decrease
in its nearness. And this is fallowing the example of
those who call the moon waxing in light from “{first)
crescent to

cpposition, waning in light from opposition te the
{last) crescent.

But he who thinks that it is deficient in light
in the half which has the
conjunction st its center and is surrounded by the two
quadratures, and excessive in light in the half huving
the pppasition at its middle, he considers for it the
equality of light and darkness in what he perceives of
its body, that being .
at the two quadratures, its like inm the (case of the)
planets is to be, in ithe first and fourth sectors,
deficient in light and size, that is, from the normal
magnitude, and in the
second and third sectors excessive in them, that is,
from that magnitude.

But in (the case of) the apagee sectors which are
set up on the basis of motion and of the magnitude
of the egustion, It undergoes what it did in the first
concerning light and size, '
but approximately. For their beginnings are not
coincident with the mean distances, and they undergo
in them also other inecreases and decreases, and they
are of (various) types. Some of them are of the Lype
¢f travel, since it is slow{est)
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Figure 12

of the first sector became Lhat of angle AHB, and it
is less than a right angle

because it is (an nnglej opposite to angle AZB in the
interior of the triangle, and simitarly for angle
AHD, by whieh is seen sector A[D], the fourth (one).
And sector BJ will become

the second [Seen byl angte BHJ, external to triangle
HZB. '

And like it is sector [I]D, the third, [seen hy] angle
JHD, and that

is what we wanted to show.

Explanation of the Increases

and Decreases by which the Planots are Described

In the case aof the apogee sectors which are made
dependent upon the distances, aceording to the first
opinion,
there follow for the planets the problems of nearness

and farness with respect to visunl perception.

The planets at their apogees are seen (to be) less din
size and lacking in light, and at
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We {ourselves) have not happened upon the book of
the (above-)mentioned (person), but the account (about)
him, if
it is vtrve and if it was not due to Jealousy and anger,
it indicates in his case
4 non-stidious listener, and this is the case with
most of the class ef the astrologers; Lhey_babhle
proudly ) -
about things they barely hear, without verifying them,
and they are satisfied by associating fancies with
them. .

And [taking] the wmidpoints of the chords to get the
sixteen 1s silly, and it sounds as if whal was intene
ded by it

was the coupling of the four distances in the epicycle,
I mean the farthest and the nearest

and the two mean cnes, with the four in the deferent.
There will be sixteen {couples). But

by the equality of the two mean ones it becomes nine,
and moredaver, if in the epicycle there were

eight, it would not become so by repetition of the
rotation sixteen times, whether the rotation were for
the moon

or the center ef tLhe epicycle. 50 there is no objec-
tion te eaking it thirty-two in two months

and doubling them twice. And even though Disecting
those chords was

because of the traces of al-baharain(?) the midpoints
of the quartiles(?) of the defércnt are more wanted.

And of what has been said concerning the defi-

ciencies of the two superior sectors (as compared) with
the inferior ones,

I have no justification for it except that the deferent
was divided into equal quadrants at

points A, B, J, (and) D, of which A 1is the apogee,
Then their true longitudes are taken, so that the
magonitude
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of Astrology”™ (Al-mudkhal ila fani‘at al-ahkam). It
was mentioned in it, and this ig his talk, )

" Most of the authors whe discussed sectors have
erred in most
of the chapters onm it, or forgot i, especially in the
case of the moon, because of ';he__cnmplexity of idts
motions. And saome )
of the moderns of Baghdad aspired to discuss it and
made in (the case of) tLhe moon
8 very serious error which was not detected by any of
Lﬁe people of ‘their time, for they mentiened that the
moon @l the time
of conjunction will be at the epicyclic apugee. But
they wmake a mistake there, for indeed its epicycle
center will be at the apogee of its eccentric orbit ot
that time by (virtue of) its mean
motion. )

However,the moon (itself} at the time of conjunc-

tion will be in all positions
on its epicycle. And he said that there are four
chords fer the moon in its epicycle. They have
halves, so they hecome eight, and becasuse it Lravels
its epicycle twice every month
by doubling these chords they become sixteen. But he
was mistaken about it, since Lhe moon travels

its epicycle in iwenty-seven days and thirteen thours
and one third, whereas

the center of its epicycle traverses jts eccentric
orbit twice every month.

And then he used in ascertaining the parts of tLhe
sectors of its epicycle, the second compound equation
which occurs according to its elongations from the sun
instead of the first single equation,
which it obeys in the motien of the difference. And
he made a mistake in the magnitudes
of the sectors aof the sun, for he made the first and
the fourth smaller than the second and the third.
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deferents If what is used for them are their maximum

requations caused by the

equant. But mention of their magnitudes has dlready
been made, and by them their unmodified (i.e. mean)
longitudes and centers are measured,
whereas Lthe measuring of the modified {(ones) is at the
compiete guadrants.

Aé for the moon, in which nothing but epicycte
sectors are used, whoever wants
them (i.e¢. sectors) in its deferent must consider them
by dits double elongation, and that is because Cthe .
center
of the epicycle of the moon will meet the apogee hoth
gt conjunctions and oppositions, whereas it meets
the opposite (point) to the apogee in the two quadra-
Lures, X

But as for the epicycle sectors, if they are
considered with ‘their equations, in the same way as
for the apogee (sectors) their magnitudes will result
approximately accerding to both opinions.

So, according to the first opinion, the anomaly
is considered, adjusted by half the equation
of the center to be measured up to an epicyclic apogee
required by the deferent between
the mean {epicyclic apogee), which is demanded by the
equant, and the apparent (epicyclic apogee.determined)
from the center of the universe,
resulting from the whole equation of the center.
Whereas according to the other opinion, the true
(i.e., adjusted) anomaly is considered with the whole
equation of
ihe center, and that is because deep inve;Ligatiun
into it is long anpd its methods are indicated in what
has preceded.
And there is @& book by al-Hasan ibn ®A1T ibn “Abdus,
"Introductien to the Profe;siun
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the unmodified argument of the sun.

" However, according to the second uﬁininn, the
maximum equation i5 to be added to ninety,
and it will be Lhé magnitude of the {first secLor, and
the maximum equation is to be subirazcted
Ifrom two hundred and sevenly, and there remains the
beginning of the fourth, and to it also is measured

“the argument which is not

modified (i.e. the mean argument).
As for the law of the adjusted argument, if it is
desired to measure (the sectors) by it, (the beginning

of the second sector is at) the complete quadrant,

and the (beginning of the fourth sector is 3t} three
complete quadrants without increase oy decrease if it
is (for)

the mean motion (sectors). And its equations are put
in the 27 without . '
its-author having'the kindness to explain the operation
or to generalize it; and amomg the authors of zijes
are those who find

in the elements of the motions g reason  for putting
them (the seciors) in the tables of the equiations, and
they

return te them upon completing the operation with the
equation. However, before that there is no considera-
tion for them

except a partial consideration, characterized in each
z1j by separate numbers.

And these are 1like Habash al-HBsib {i.e. the
Computer) in the operations ior the mun;. and like AbLT
al-Fadl ibn Mashallah
in his summary of al-Khwidrizmi's z3j, and Habash's z1j,
and like Kishyar ibn Labbin )
in his Jami® 2z7j, and like AbD al-*Abbas al-Hawdlfn®©sI
in his summary )
of al-Battani's 23j., And like this is the situation

Tegarding the sectors of the planets in their
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61:17 And Lhis meaning‘ will betome clearer when we
mention the transit in thickness; verily
1B it really appertains to the first.method rather thsan
the second.

19 And it is necessary after what we have stated to
explain both methods

62:1 from a practical point of view for those who want to
use them, and it is necessary for Lhat to utilize the
guantities

2 which are feund between the centers {(i.e. the eccentri-
cities} and the diameters of the epicycles., And
nothing will be listened to except

3 o temperament unbiased by the germ of fanaticism, and
the taint of insistence, and the 1lust for

victory

4 in wtilizing any of these, except what is clearly
apparent, or accompanied hy the best of gprooefs,

5 And Lhis is the case of the talented Ptolemy; his

works are to the works of others ag

6 wakedness s to sleep, and his position is (actual)
sight as compared to the hallucinations of dreams.
And if

1 time has not helped us thus far to consider cases
other than that of the sun, we

B use what is in the Almagest concerning that and say:

As for the apogee secetors, the first of them,
according to the first cpimion, in the case of the sun
(is)

I0 to make the waximum cquation a sine and it will be the
eccenty icity.

11 The arc (sine) of half of it is to be taken and added
te ninpety, and the sum will be the first sector. Its
complement with respect to the circumférence,

12 which is three hundred and sixty, is the beginning of
the fourth sector, and we need not step to explain the
third

13 since its beginning is always from the midpoint of the

circumference. To these sectors is measured

67



bl:

12

13

ON TRANSITS

starts the acceleration which ends in increasing to
its extreme at the epicyclic apogee, to the
ather which ends in deceleration. ‘

And the situation between them aleng the lower
side differs from that between them aiong
the upper side (as Lhe) difference between existence
and nonexistence, for it is going back in appearance,
conirarywise, '

and in addition to that, the speed begins increasing

at one, and stops decreasing at (the end of}

the ether, (just) as forward motion between them has
fotlowed (Lhe retrogradation). But if the orbit were
Lo be divided into secrors according

to the travel and what it requires, what is the
objection to dividing it by the Lwo stationary points,
sn that

the first sector will be-from the middie ef the for-
ward motion to the first station, and the second
from the first station to the midpoint of the retro-
gradation, and the +third {rom the midpoiat of the
retrogradation to the

second statien, and the fourth from the second station
Lo the middle of the forward motion. There is no
objection to that

excepting the claim (of some) that =a certnin effect 1is
accounted for in  the previous (nlLernaLive},.buL not
in the latiter,such as the ebb{(?) and flow of the tides,
but that is rather far-fetched.

But in such cases retrogradetion and forward motion
should be given precedence in the explanation, includ-
ing

the change in the equation from inereasing Lo decrea-
sing, wnless it is claimed of an effect which is
foreign te

the consistent laws of nature in the craft of astrolo-
Y. Bul no one dares

claim something like that unless he is short-sighted
and bound to fail.
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and in Lhe second, the descending one, it will be
descend Ing, and in the third, the descending one, it
will be ascending, and in the fourth, the
ascending (or higher) one it will be ascending.

And what makes the first method, in which the
orbit has been divided by
the two mean distance (positions), preferable to this
second one in which it was divided by the two posi-
tions of the maximum equation,
is that the equation is what gives the travel its
increase or decrease of speed. For the speed,
if it were free, not borne on an orbit bounding it,
then it would not be limited, ' '
for it hkas the potentiality of incrense. Everything
that is pétbntially increasing starts
Irﬁm its smallest (value), before which it had heen
null. Then the opposite occurs, by which

-the speed is slowed down and goes back te its initial

value. This is (known as) deceleration.

But the deceleratiunr is bounded, becasuse the initial
value is the least it can assume. And when )
the motion is from the epicyclic apogee in a direction
opposite to the succeession (of the signs), like that
nf the moon according to Ptolemy, -
the slowing down for it would be as it is at the apogee
in its (the apogee’s) orbit (i.e. the deferent). But
the . motion of (any one of) the Cfive planets in its
epicycle will be from the epicyclic apogee

along the =succession (of the signs), equal to the
maotien of its center. Hence its (maximum) speed pccurs
al the epicyclic apogee,

and its slowing down at the epicyclic perigee. And

obviously, between the two positions ©f the maximum
equation

in the inferior segment {are) the two essentinl sta-
tionary peints in the path. At one of them
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of the epicycle will be the sine of this angle, and il
i the normal HT ' '

to BZ, because-;ach one from it and from BD (is) normal
from one of the ends

of ‘the arec 1o the diameter (or hyvpotenuse) emanating
from its other end. And we ‘Bhave already mentioned
that i1he wnormal DS represents ip  the epicycle the
thord which bounds in

Lhe deferenl the two pusitions of the extreme equation.
And point S stands for

the center of the universe. 1 mean that the ralic of
S8 te O0(B) is as the ratie of (the distance) between
Lhe Lwo centers in the deferent (d.e.,the eccentricity)
te its rodiws. And so arc KD is equal

to  the first mean sector which dees nol change.
Hawvever, we put IL on this side

50 a5 nol to complicate the [igure by our drawing of
L tuangent Lo the epicycle, and arc

K. i5 the adjusted time (i.e., velocity) sector. The
adjﬁsted wnomowly is messured wilh vespect to it
becavuse its starting poinlL is from Lhe epicyclic
apngee K. And the first and foeurth sectuers in hoth
erbits (meaning the eplicyclic and the apogee seclors)

are called the ascending (ones) and the remaining the
descending.

And that is either by measzsuring their centers
with respect to the center of Lhe universe, for wverily
each of
the two of them is higher (s3%id), than the reality of

lowness, and i1 has [;aised} the two secctors with it

and the remaining iwo

stay lower than it. However, as to their being above
the meoan distance, (hence) the other two will be
below it. Whereas the planet will be descending in

the first, the ascending {or higher) sector,
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orbit were carrying the epicycle of ore of the planets,
point T would be

the ce;tﬁr of the equant, and the greatest of the
equations will be at point B. '

Nothing changed in it except the magnitude because of
the transformation of HZ into H?. And in like

the deferent at point D for (any) one

manner

of the egquatjons
from J up io it (is) increasing,

and from il to A is decreasing.

And for determining (something) like that in the
episycle, let KLD {Figure 1l) be the epicycle
and its center B on its deferent, and let wus
to it from the center(s) of the deferent

produce

and the universe two lines determining the two
cyclic apogees, K (and) %, and produce from 2 radius

ZDH tangent to the epicycle at B, which is the position
of the maximum equation.

epi-

Because the lines extending to (points) other than
point D and its counterpart on the other side
lie between the two like lines. And so angle EZ[D] isg

greatexr than

any angle bounding it. DBZ is one of these lines, and
the radius

Figure 11
(p. 59 of text)
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Figure 10
(P 57 1 text)

frerigre

hence ZH will be greﬁter than ZK. But they are chords
of the circles circumscribed about

the two triangles ZKH (and) {2]HB, which are right
angled, and they are équal to circle ABJD

bacause the redius of the three is one magnitude. So
ZR (is) '

the chord of an arc greater than the arc of chord ZK,
and angle ZBA is greater

than angle ZHH.

And I -mean by the ones that come after, (those)
like the one at polnt M. For it,drop 25 perpendiculsr
to MH, and (the argumept is) as what has preceded in
comparing Z5 with ZH so as to make clear

that ZH is grester than 25. S0 angle 2BH will be
greater thas angle ZMB, and the position B (is) for
the variation in the equation, because

at it it is ot the greatest of its magnitudes, and its
situation differs sround it. And the equations start
at A, increesing up to it, and they stop (increasing)
at its greatest magnitude. Then it returns

from it to diminishing boundaries. And thus is nlso
the situation at point J. So if this
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the spogee and its uppnsite; because of the colneci-
dence @f the lines coming out to them from the Lwo
tenters .

And by these four pninhs.the deferent is divided
inte four sectors,
and the drawing (Figure»Ib) shows that and helps to
understand itv.

Let ABID be the deferent with center Z which 1is
external .
to H, the center of the universe,and we extend through
it the diameter passing through the two centers.
S0 A wlll be its apogee, and J the opposite of the
apogee, and they are the (respective) beginnings of
the first and third sectors.
And as for the beginnings of the second and fourth
sectors according to this last opinien
which we are considering, le@ us pass ehkord BD through
its centef; normal .
Lo the diameter AJ. So the two points B {and) D will
be the (beginnings of the above-)mentioned sectors,
50 that the variations in the equutién will be at the
four points A, B, 27, (and) D,
flowever, at the two points A (and) J the equation will
vanish essentially “becsuse of the coincidence of the
two lines ' '
issuing from Z (and) H. Then its excess will bLe great
at them. As for (the situatidn) '
at the rest of the points, the two {above-)mentiened
lines will be distinct, and they will bound the angle
of the o .
equatien, like angle ZBH, and it is the greatest of
all ‘angles of the equation which precede it

or which come after it, I mean the preceding (ones)
1ike the one at H. And for this drop ZK perpendicular
to HH. And HZ.-will be the hypotenuse of s right
Lrlnnﬁle having 8s legs HK (and) ZK,
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Venus is forty-five parts and fifteen minutes, and the
circumference of its epicycle S ;
(is) two  hundred and dinety{ and the equation of
Mercury (is) twenty-one parts and thirty-six

-minuwtes, and the circumference (Here a passage is

repeated in the text.,) of its epicycle (is) one
hundred and F T S A
thirty-five.

However, in their other zijes their sayings are
not stable, and they can not be relied wpon, and that
is why

I have shunned talking about them.

Mention (or Explanation) of the Sectors
in both Heavens Acecording to the Well-known Dpinion

The differences found both in the deferent and
the epicycle are of two kinds (each), bre is the
distances included between two extremes in greatness
and smallness
and a mean between them. And it has been shown above
Lhat by them the two orbits are divided into
four sectors.

But the second type (concerns) the differences in
the moticon due to the difference
between the two centers (i.e. eccentricity). For the
motion near the apogee (is) at the extreme of slowness
and near ils opposite (is) .
at the extreme of rapidity. But at two points between
them, at the extremities of the chord which is perpen—
dicular, at the
center of the universe, to the diameter passing
through the apogee and its opposite, it (the angular
velocity) is at its mean,
equal condition. And ar them will be the maximum
equation, s it vanishes essentialily at

bo
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548 it is less by eight seconds. For Mars fority-one parts

and thirty minutes,

9 and it is found in some of them diminithed by one
minute, and with Abu Ma®shar it is as in the Canon,

10 and by increasing five seconds. For Venus, forty-
Seven paris and eleven minutes,

11 and it msy be diminished by one minute in some of the
copies. For Mercury, twenty-one parts

12 and thirty minutes, and it may be diminished by about
half a minute in some of the copies,

13 And with AbUW MaSshar it is as in the Canon. Bul
al-Fazarl and ai-Khwirizml have

14 them 1ike what is in the Shah Z7j, since it is the
Hindu way.

15 And it must be that Ya®qub ibn Tarig is in
agreement with the iwo of them, but what ;s

‘16 in %is zIj for Jupiter is decressed by twenLy-twop
minutes, and for Venus decreased by

17 fifty-five minutes.

18 And al-Sarakhsl has followed in the case of
Saturn the Sh@h 21j and in the remaining one the Canan.

19 fowever, Paulus put the maximum equations (as) the

circumferences of the carrying epicycles

55:1 by multiplying the eguations by three lhundred and
sixty and dividing the result hy the total sine,
2 whith, according to him is fifty-seven paris and

eighteen minutes. Bul the equatian

3 of Saturn is six parls and twenty—two minutes, and the
circumference of its epicycle {is) forty;

4 and the equation of Jupiter is eleven parts and thirty-
two minutes and the circumference .

5 of its epicycle (is) seventy-twe; and the cquation of
Mars (is5) forty parts and

6 thirty—twe minutes and the circumference of its epi-
cycle (is) two hundred and fifty~-five; and the equan~
tion of
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are known. And if they are transformed into (units of}
which [D]K is three parts, and HD is added

to DH, which is six parts, and ihere is decreased fron
it according to the positian of H

from Lthe center D there will result HH. The hypotenuse
of the right <triangle thaviag it .and ZH as legs
is the desired (object). )

But the radii of the epicycles accerding to what
is in the Almagest are:
5ix paris and a half for Saturn, eleven parcs and o
half for Jupiter, and for Mars
thirty-nine and a haif paris, and forty-three and one
sixth parts for Venus,
ond twenty parts and a half fer Mercury, and the
magnitudes of the maximum equations which are due to
the epicycles will [ollow them (accordingly).

The moderns have followed in it Theon aof
Aléxandrin, and in the Canon it s,

for Saturn six parts and thirteen minutes, for Jupiter
eleven parts

and three minutes, for Mars forty-one parts and nine
minutes, and for Venus

forty-five parts and fifty-nine wminutes, and fogr
Mercury twenty-two parts and
two minutes, and it is thus in the Almagest,

But in Ibn al-pAflam’s zIj it is for Saturn
diminished by twenty-five minutes,
and {or Venus increased by nine minwutes, and for
Mercury increased by twenty minutes.

In the Shah 2IJ it is [ive paris and forty-four
minutes fer Saturn,
and it may be in some copies less by eight seconds
(sic) and in some others by one minute.

For Jupiter, tem parts and fifty-two minutes; but with
Abw MaSshar
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and for Nars six parts and thirty—three minutes and g
halfl,

and for Venus one part and fiftleen minutes, and for
Mercury at the least magnitude three parts,

and for the greatest nine parts.

As for the first {i.e., least distance) it is
when the center of the deferent, on the cirecle carry-
ing it, is
on the equant itself. {et it be T (Figure 9), and the
center of the universe H. But )
the grealest (distance, it cccurs) when the Lapogees]
of the doeferent and the equant unite so that
the centler of the deferent circle will be at K, which
is on the extension of HTD.
hs for the rest of the timé, let (the deferent center)
be, for example, at Z. Then HZ will be (the distance)
between
the center of the universe and the deferent and it is
what is required, without HT which is the sine of
the maoximum equetion. And arc ZK is equal to the
distance of the center of the epicycle from
the apogee along the direction of the succession (of

the signs.) So its sine, ZI, and itLs cosine, HD,

qu 9
ng(;gs of text)
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However (ir dealing with) ali;tudg as well as with
depression, we use for each (ome) its extreme, without
the other extreme, ’ .
and the side, left or right..will also be assumed. So
our objective
(is} its beginming if it is increasing, and the posi-
tion of its end if it is décrgasing,
without mixing one with the other.

And if the center lies between the positions of
the beginning and its extreme we take out
of the totml {i.e. extreme) an amount equal lo the
distance of the center from the beginoming by multi-
plying the distance from the center to
the intended beginning by its total (i.e. extreme
value), and we divide what Tesults by the distance of
its extreme position
from its beginning. So the required depressiun‘ or
elevation results, on the
intended side. And when the depression  or elevation
is ascertained for the nssumed time, ihe
position of the mean distance on the epicycle for that
pesition on the deferent
will become known. .

And whot we need in these operations is the
ecsentricity, I mean

the sine of the equation due to the deferent. And what
has already been mentioned as to maximum equations
is what is due to the equant, and if you take its .two
parts and then take half
there would tesult (the distance) between the center
of the universe and the deferent centers, hecouse they
are at the midpoints .
of the segments between it and the equant centers.
And what is in the Almagest regarding that is:
for Saturn three parts ’
and thirty-four minutes, and for Jupiter two parts and
Ibrty~onelninntes and a half,

i
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As Lo the beginning of the depression, it is near
the beginning _nf the fourth sector. Moreover, the
left mean distance
is before it by the amount of the arc of the chord,
and the right one thus is after it to the amount of
its magnitude.

And it vanishes  opposite the two beginnings, I mean
that the vanishing of the Jleft one is befure the
beginning of the

second  secter by the amount of the arc of the chord.
And the vanishing of the right one is after iL. The

extreme (value) of the depression (is) around the
apogee

by the C(tmount of the) arc of the distance of its feft
(~hand) extreme (value) before it, and the right{-hand
value) after it. The case of the elevation resembles
that of the depression, but its beginning is nesr the

beginning of the second sector, and thus the arc of

the chord

for the ieft {one) is before it, and for the right
(one) after it. However its vanishing is near the
beginning of the fourth sector to {the amount of) the
arc

of the chord, for the left one before it, and for the
right osre after it. And the extreme (value) of the
elevation occurs near the point opposite the apogee,
at

Lwe positiens distant from ft by (the amount of the)
arc of the distance of the extreme elevation, for tLhe
left one before it, and for the right one

5f1er it. 50 when the position of the epiecycle center
is known, its situation will be known

with respect to these limits which we have enumerated,

and there is no doubi but that our objective will be
achieved
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because of the center being at [Ke], since the right
mean distance

will then be at the point of intersection (P?), but
the arc between it and F is

twice the arc (sine) of one quarter of the diameter of
the epicyc}e. Let it be called the arc of the chord.
However, {as for) the distance of point B

from the apogee, verily its sine is SB. And its ratio
to BZ, the radius of '

the deferént, is as the ratios of LH, the normal of
triangle ZLB, to LZ, the difference ’

between the radius of the deferent and the distance
between ithe twao centers, I mean ZH. So arc

AB is known; let it be called the arc of the distance
of the extremity.

And it resembles the operations by which we
transform the equation of the epicycie in the zijes
[rém
the quantity calculated at mean distance to what it is
required for it at each distance; we transfer
this total elevation and iotal depression te their two
magnitudes at both sides, the right to
the left for each distance, i{ one imagines before hinm
the beginnings of the distance sectors and the
beginning of the elevation and the depression and
their vamishing. That is that the beginning of the
first sector is {at) the apogee.

That of the second is distant from the apogee by the
magnitude of the first sector, and the bheginning of
the third is (at the point) opposite
the apogee. The beginning of Lthe fourth is the com-
plement of the first with respect to a revolution, I
mean before the apogee '

by the magnitude of the first sector.
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(p. 49 of text)
Figure 8

And this (also) is the situation for the extreme
(value) of the elevation of Lthe two mean distances ot
two positions
on  the 1wo sides of the point oppusite the ipogee,
Let one of them also be peint K, and
8t it the center of the epicycle, and let its circum
ference pass through point T, so it will be the right
(hand) distance, )
gand  we drop KM perpendicular to ZT and T*® perpendicu-
lar 1o ZY. ) ’

S0, since KZ is the radius of the deferent, and 2T
(is}) the result of adding it to JT, ]
which is equal teo zm, Ltriangle ZK% will have Its sides
known, and the ratio )

of its normal to KZ (1s) as the ratio of €T 1p TZ.
And sfter transformation (of scale) ) )
are TY will be known, and its complement [plus pFe] s
the ;otal elevation, and'[it is su0)
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is after it will have L at it as the right mean dis-
tance. And let us take one of thewm -as  an exanple;

then the other can be imagimed. And let us place the

‘center at 8, so that L becomes

the right mean distance, aud'prnduce BD tangent to the
deferent, and drop

LH perpendicular to BZ. And because BZ is the radius
6} the deferent,

and ZL is the differeace between it and AL, which
{difference} "is equal te ZH, the distance hetween
ke 1wo centers {i.e., the eccentricity), and BL (is)
the radius of the epicycle. (So) rriangle BLZ,
whose sides are known, will be known, and {also) LH,
Lhe normal, amd ZH and HA, '

the two parts of its bn;e, and (likewise) BH, the sine
of are DL. So if it(s length) is Lrausfn;med to the
magnitude (i.e., scale) by which BL is the total sine,
arc . will he known. ]

And it is the extreme of what there is for the  mean
distance, insofar as depression from the quadrant
'point) is concerned. But the point

of intersection of the epicycle with the deferent is
known, and so the depression from it is known, and let
us call it the

total depression. It (the depression?) will be nan-
existent when the center is' at F, and

this mean distance will result at the same  time, @t
the same intersection which is Q.

The left one will then be nhove the deferent. However,
the depression of the mean distance, which ig

S€  will net exist whem the center is at W, so that
the left one will he at the node and the extreme of

its magnitude will bhe when the cester is at a point
before the apogee '

by the amount of arc AB.
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S50 angle ATB will amcount to the unmodified {i.e.,mean)
longitudﬂ.'ﬂnd it is alse cailed the center.
And hene e triangle HLT has its-angles known, and in it
BT is knoewn, so its sides
a;e also known. And 2ZH is half #HL, and so H is the
midpeint of LT. ) '
And 2B s knéwn, so HB is known. And all of LB is
knews so NB, which
is the hypetenuse of a right triangle formed by it and
HL, is kwown, and HD is equal te 2ZB. So triangle
HDB has its sides known and its normat, I mean DM, is
known, and after
Lransformation (of units), it will become the sine of
the arc SD, and KD is its supplement.
It is thé first modified sector, now determined. And
because the depression of +the interseection of the
epicycle
with the circle bounding Lhe two meon distances alL the
time when the center of the epicycle
is at the apogee is the mean depression, and itrs
elevation aL 1ihe time when it is on the {point)
opposite the apagee
is the mean elevation, they will not be Lheir extreme
(valuesg), which
are (the ones) sought after in practise.

And 50 we place the center of the epicycle so
that its circumference will pass through point L
(Figure 8)
en  that circle, so that this point wili be the posi-
tion of the two mean distances
at the extreme of their depression. And the other two
Wwill then be a little bit above, and that is g
characteristic of the two )
pesitions on the sides ol the apogee if the center 1is
on them, but that (position)
which is before the apogee L will be the lert mezn

distance at it, and that {position) which
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and extend from T, which is the center of the equant,
TFIB] <, '

;nd © will be the mean epicyclic apogee, {rom which is
(measured) the beginning of the anomaly, which

is ealled alse the non-modified apieyclie argument

{a flaw in the ms?}, irs beginning (st ©9), and F ig
the mean

epicyclic perigee.

And we draw from the center of the universe H5K,
and K will be the [apparent]
epicyclic apogee from which is the start of the anoma-

Iy, or the argument, or the corrected epicycle. And §
is

its apparent perigee. Let the intersection of the
epicycle with the (above-)menLioned circle be point

D, and drop DM perpendicular te HK, and HL land ZH]
perpendicular to TH. ) )

figure 7
(P, 46 of t"E-K-f‘)
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And if its magnitude is converted to the scale by
which SJ is the total sine, and
its arc sine is found, ?g‘will become known, and it is
the magnitude of the first adjusted sector.
But the distance of point S frem the epicyelic apogee
is known, so ST,
the mean ele;atiun, is known. And verily we have
called them the two means because of their equality on
the

right and the left and the inevitable inequality of
any others than they.

As for positions’ other than these two, let the
center of the epicycle be at B (Figure 7)),
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43:10  The ratio of A[J), twice the total sine, to BM, its
‘{i.e., angle BZM's) sine, i; not equal to the ratio of

11 BM to MA. But the rtatio of A[J] to the chord AB is as
the ratio

12 of the chord AB to AM. And AM is also what gives (the
thing) sought by him. ‘

13 For verily are AB, If he takes .it as the maximum
equation, it is not

14 ir. The maximum equation Is rather (are) AT, and even
if the radius of the epicycle )

15 was known to him, we must use it as icv is. .

16 But as. to the measurement with respect to the
center of the universe, we suppose that the center of
the epicycle {Figure 6)-

17 is at A, the deferent opogee, and let its intersection
with the circle bounding the two mean distmnces be B.

18 And we join B (and) H, and it will be equal to z[A].
And AB,

44:1 the radius of the epicycle, is known, and ZH is known,
50 triangle ABH is known as to sides.
So the normal [BH] is knoown.
3 - And if -we t;nnsform.it[s)-mngnitude to the scale
by which AB is the total sine,

4 and we then determine its arg sine, nrc BM would bhe
determined, snd DB, whigh is required
5 is its complement, hence it is (now) known, So EB.

the distance of the apparent mean distance, it being
[ the first adjusted sector, would be knpown. Bit the

distance of point € from the epicyclic spogee is known

7 und “B, the mean depression, is known. In like manner
we put
8 the center of the epieycle at J, the point opposite

the upuﬁce, and let it dntersect with the circle

9 bounding the two mesn distances at § and Jjoin 5 (to)
H. Then triangle HS[J]

10 will have its sides known, and SL which is its normal,
will be

11 known.
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is {inscxibed) Iin a semicircle, and so angle AB[J] is
a right =angle, and angle AMB is equal to it,

and it also (is) = right angle. And MB is perpendicu—~
lar to AZ, and the ratio of ZA to

AB, I mean AH, is as the ratio of BA to A[S). so

“triangles ZAB and

BAS are similor. But triangle ZAB is isosceles {with)
legs AZ {and) '

ZB. So triasngle BAS is also isosceles, with legs AB
(and) BS. And M

is the midpeint of jts buse,and so MB is its oltitude.
And since M 15 the midpeint of AS,

AB will  not be the bisector of arc DH, the maximum
equation, as ’

was evident in the subtending of the sines, and the

epicycle equals, in this respect, the deferent.

And that lIs, If the sine of the maximunm equation is
taken it will be AS,

and its haslf, AM, and tne arc of thig half is 8. And
if (DB} is edded to KU,

the quadrant, there will result KDB, the first mean
sector, because

it is measured to the center of the deferent.

And it is to this that Ab% Ma®shar thas referred
in his zIj and said: "As for the determination of the
mean distance
"in the epicycle, we multiply the sine of the epicycle
radius of the planet by
"itself and divide by twice the total sine, and we
determine the arc (sine) correspnhding to the result,
and it 1s added to three ‘

"signs and there ressits the distance of its mean
distance from the epicyelic apogee.™

And it is as if he means that Lhe epicycle radius
is arc AB.
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AZ[T] are equal, so arc DH has the magnitude of the
maximum equation in the e o

heaven of the epicycle. But B, the position of mesmn
distance, 15 not BL the midpoint '

of arec DHE. Let us drop perpendiculars.ﬂs end BH to
AZ, and join ‘ ) _
B (to) ‘A, B (to) S, and B (to) 7). Then from the
similarity of triangles AHZ, ASH, and SHZ,

the product of ZA and SA ;ill h; equal io the square
of AH, and the product of JA

which is “twice AZ, nnd AM, (which is) half AS, 1s
therefore equal to the square of Al,

which is equal to AB. So the ratio of [J]A to AR 1is
85 the ratio of BA

‘to AM. And so the two triangles [B]AM (and) [J]AB are

similar. But triangle TI]AB

(},42 ofifxﬁ)
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we descrtibe with its distance as (radius), at the

center of the universe las center), cirtcie LBD, which
bounds the two mean -

distances in the epicycle from H, the position af

- observation. I mean

that thelr two positions around the apogee are the two
peints S (and) M below the two intersections
of the epicycie and the deferent.

And at the point opposite the apogee the two
points are 5 (and) ©, above

the (above-)mentioned intersections.

-And if we put the. epicycle center at B, then Lthe
two mean distances
st it will be the two points N (and) W. However, N is
lower than the intersection (with the deferent) where-
as
W is above it. And it is evident that the «center of
the epicyele, if it were at point N,
the right(-hand) distance would be below, and the
left{~hand}) distance at the intersection of the
epicycle and the deferent at _
U neither below nor above. But if it were ot pointl W,
so that (the epicycle)

passed through B, all would be opposite to what we
have mentioned, I mean that the left one

will be above while the right(—hand} one would be on
the same {above-)mentioned intersection. {Now,) for
the determination of the distance of the intersection

" from the epicyclic apogee, we turn from this figure to

what we need, {(Figure 5) and we extend. AD tangent
to the deferent at A, and ZHT tangent to the epicycle
at H, and it is knownm that E;rc}

AT is the greatest of all the equations due to the
eﬁicycle by its magnitude, angle AZT.

But the triangles ©AZ, AHZ, and ‘ﬁA are similar, and
s0 angles cAg (and) ) |
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the radius of the epicycle. And its minimum will be
Z{J], the radius of the deferent diminished

by the radius of the epicycle, and one half Lheir sum
(Will be) the mean distance,

and {this is) the radius of the deferent, without any
increase or decrease. But wheh the distances are taken
from H, the center of the wuniverse, HK will be the
maximum, and it is the radius

of the deferent, there being added to it HZ, the
amount of the eccentricity, and AK, the

radius of the "epicyecle, And the minimum will be HF,
the radlus of the deferent less

ZH, the eccentricity, and F{H}, the vradius of the
epicycle. And half :

their (the maximum and minimum) sum taken for the mean

distance is again the radius of the deferent alone.
And hence

Figure 4
(p. 40 of fext)
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Mention (or Explanation) .of the Mean Distances of Lhe
Planets

In their Epicycles

It is apparent that the mean distance in Lhe
orbit of the epicycle will be at
its intersection with the delferent, il the distance is
measured from its {(the deferent's) center. But if it
is{measured) '
from the center of the universe, its position will
vary each time. For the determination of that, let
ABJD (Figure 4) be the deferent with center Z, and the
center of the universe H. .
Diameter AZHJ extends in it, and we mark off on it ZT
equal to ZH, )
and so T will be the equant center. -And we place Lhe
center o} Lhe épicycle upon
A, which is the apogee of the deferent.

It is characteristic of the epicycle that it is
invarinbly so much smaller than its deferent that
it cannot enclose the earth as does the Heferent, but
rather is (always) away from it, and does not pass
through its neighbourhond,
because. motion through it is interdicted (as shown
above}. And of its {points), its epicyclic apegee is
its maximum distance from the earth, _
while its (epicyeclic) perigee is its nearest point to
the earth. And if we extend the radius -HA
along its prolongation, K will be the epicyclic apogee
and J its perigee.

Then we place the epicycle on [H].(Lhe point) opposite
the apogee, and '

Y will themn be its apogee and [F] its ﬁerigee. So
when the distances are taken from Z,

the center of the deferent, thelr maximum will be ZK,
and it dis dits (the deferent's) radius, increased by
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which was at A became how, at 5, nearer to the earth
than ' ) _ o .
point W which was then at z.

However point H, which is for the left-hand mean
distance because uf.the
intersection, the perpendicular drupped from it to AZ
falls on the midpoint of TH
which is K.

As fer point Y, which is for the intersection in
the last position (or sitwation), it is
for the right-hand mean distance,and the perpendicular
from it falls on M, which is the midpoint of HS.
And it is evident that the center of the deferent, if
it Is on (a point) other than (one of} the two points
S and T
it being as though it moves by its motion contrary to
the succession (of the signs) unt1l it falls on © (the
letter “ain}.
And we Join H (to) € and hisect it at F, then erect
from [F] a perpendicular
to H® bounded by(?) circle BHJ, verily L will be (at)
the mean, right-hand distance: through which the drawn

deferent passes with jts {proper) radius and haviag

“{as)

center ¥,

S50 it has become evident as to how the left-hand
mean distance is carried from H

to L by the carrying of the center T to ©, and the
difference of '

the distances of its positions from the apogee of the
equant, at whose center

is meusured the constant mean motion.
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3d5:4 S50 it is by nmecessity that the mean distance will be
the radius of the deferent when

5 the excess vanishes, which is- (only) exceptionally the
case.

36:1 And if the center of the defgrent reaches
S, the apogee will be at

point

2 5, and its distance from H will include the radius of
;he deferent except for one of the )

3  three lines. And H[W], the distance of the perigee
from H, is the sum of

4 the radius of the deferent and HS, when the

increment
is mnnulled by the decrease

5 which equals it, the mesn distance (then) will be
equal to the rvadius of the deferent, and indeed

] the apogee and the perigee exchange places at this
last position since point §.

i fﬁgulre 3
(p. 37 of fext)

defereut
f'Udf(...{J

apogee

locus off
deferent contor
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Talls at the mxdpn;nt ol DH. Then let the center of
the deferent be at T and we extend

HTK until that becomes equal to DA, and we describe
with center at T .

and at distance TK a circle KL. Sa it will be the
deferent at an (arbltrary} time, and the

maximum dlstance in it (will be) HK and the mean
(distance will he) at L. and perpendicular LM falls on
the midpoint of H[T] And it is apparent that Lhe mean

"distance of the moon moves from

H to L when the dpogee moves contrary (to the signs)
}rpm A to
K, and the center alse from D to T.

And we assign for the deteréinatiun of the mean
distance in Lhe theaven of the apogee (i.e., the
deferent) of Mercury
point N (Figure 3) as the center :f the universe gand
point D as tLhe center of Lhe ecircle carrying
the’ center o©of the heaven carrying the epicycle, and
peint S at the midpoint of HD, (hence)

Lhe equant center. And we describe with center ]
and with radius DS

tircle ST so the tines HS, SD, and DT will become
equal. ' )

And we suppose the center of Lhe deferent (Lo be) at
point T, whiech is on Lhe prolongation of H5D, and TA
half iLs diameter, and with T as center and AT ;s
radius we draw circle ' )
AHZ which is the deferent, and with this radius. alsa
we draw with H as center

circle BHI., So the distance of A, the apogee, from W,
includes the rodius

uf Lhe deferent and the three equal lines. And the
distance of Z, the perigee,

from H, includes the radius of the defercnt less Lhese
three lines.
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on whose circumference moves the center of the circle

cearrying the epicyecle of the moon be circle

ZT with center at . We describe about it (H}, at a
disLance hatf the diameter of the deferent, circle
BHJ. Let the center of the deferent bLe D, and hailf
its diameter DA.

So HA will be the farthest distance, the sum of DH
(and) AD, 2nd the nearest distance (will he}

the difference between them. So the mean distance is
necessarily DA. And let the intersection of the
deferent with circle BHI, which is H, be the mean
distance at the time. ' )

And it is evident from what has passed that the
perpendicular HS to BJ

deferent
redius

locurs of

deteren -

cerller

Center of
uMiverse

Figure 2
(p. 35 of texi)
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that the equation of Saturn is four times the sum of
the equation of the sun and [half] its  seventh,
and the equation of Jupiter twice the equation of the
sun and one time its seventh, and the equation

of Mars five times the equation of the sun, and the
equation of Venus as its eqhationt_

and the equation of Mercury twice its equation,
And what comes out by these meximum equations is
near to what came out
from the circumferences which were put by Paulus,
Verily I have seen Awloth ibn Sahawi, the
dstrologer, using the equatien of the sun
in those circumferences instead of the sine, and
multiplying it by them (the circumferences), and he
divides the result in all (cases)
by fourteen, and it comes Out near to what comes out
from the sine, whereas if he put the circumference
of the apogee of Saturn as fifty~four instead of sixty,
ind the circumference of the apogee of Jupiter as
thirty-two
instead of thirty, and the circumference of the apogee
ef Mercury twenty-five instead of twenty-eight,
and then wused in it the equation of the sun, there
would hove resulted what
is nearer to what is generally agreed upon, acecording
to what we said, It is because some of the eccentric
nrhits )
dre not fixed in position, due to the motion of their
tenters along the circumference

~of the ecircle carrying them, like (the case of) the

moon and Mercury gecording to Ptolemy, and their mean
distances

are not as well {fixed in position, mor are their
recedings from the apogee fixed
8l one value.

To understand that let ug mssume the center of
the universe to be O {Figure 2) and the circle
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equations as: for Saturn, in minutes, 568; for Jupiter,

2845 for Mars, 676;

for vVenus 134, far Mercury 2465, and (he) divided 1its
product by three hundred and sixty hy

J438 minutes, the total sine,so that the circumferences
of the apogees came out for Saturn [60]. Jupiter
30, for Mars 70, for Venus 14, and for Mercury 28.

And those among them who compared the sine and
the equations, like

the author of the Karanatilaka, the total sineo
according to him being two hundred minutes, he

suggested in the case of Saturn
multiplying half the sine by three and adding to the
result its sixth, and if we do
that for the total sine, the maximunm equation for it
will come out, 5;[10]; and for Jupiter
to multiply the sine by three and halving the result
and adding to it one sixth of a Lenth {(of it},
and so we get for it 5;5, and for Mars to multiply the
sine by three and to add
to the result (its) seventh, and it will come ocut as
11;25, and for Venus te add Lo the
sine its sixth and Lo take half the result, and there
will be for it 1;{5]6,40, and for
Mercury 1o multiply the sine by three and Lo halve (iL)
and to diminish it by a tenth,
and there will be for it 4:30. And what comes out
from the circumferences which Paulus put
is: for Saturm 9;33,
for Jupiter 4746,30, {or Mars 11;[87,301 {or Venus
2;[13]),42, and for Mercury 4:27,24.

As for those who set up ratios betweén the solar
equation and these equations, such
as the transiator (or commentator?) of the Khandokhad-
yaka, which is known to us as the Arkand, he claimed
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and for Jupiter._tu_dpuble the. sum of .the sine and one
fifth its tenth, and for Mars,

to multiply the sum of the sine and its tenth and a

sixth of its tenth hy four, and

for Venns te diminish from the sine a@ne tenth of it,
and for Mercury to add to the sine

three fifths of it. And if we consider this with the

‘total sine which ij according to him, 2 hundred

and fifty minutes, for deriving the maximum equatiaons,
there results: for Saturn 8;37,30,
and  for Jupiter 5;[6], and for Mars [1]1;10, and for
Venus 2;15, and faor Mercury
4: [0] . .

However, Muhammad ibn Ishaq al-Sarakhs combined
both opinions. éur he took tﬁe equation
of Saturn from the Hindus,and that of Jupiter and.Mars
Trom the Canon, and that of Mercury from al-Khwirizmi.
And he added one minute in the case of Venus to what
is in. the Caron, and the reasons for doing this are
not apparent,
for showing it (the method of derivation) is Necessary
for acceptance (of the results),. a5 he(y) did in
incressing
the cycles of Saturn in cosmic days, and thus was near
to the opinion of the Hindus in that respecl, and what
our associates have
for it (the cycles?) is from it (the dincrease?),
although .this {which our assotiates have) was
erraneously reported in the Sindhind zijes.

And what is in the Hindu zTijes which we have read
is quite confused.
Lo the extent that it ig unacceptable (as being the
authors® fault), so that the atcusaslion falls upon the
coples
8t hand und (upon) the transiator who dictates to us.

That is that Paulus has announced the magnitudes aof
these '

36



3034

31:

11

12

13

14

15

16
17

18

19

TRANSLATION

But in his 2zIj, AbuU al-Qasinm ibn  al-Aflam
diminishes {(from the Almagest?) forty-eight minutes in
the case of Saturn,
and increases eighteen minutes in the case of Jupiter,
and diminishes ]
twenty-three minutes for Venus, and increases thirty-
eight minutes for Mercury, -

-But the only Jjustification for such {(things) is their

presence (in the text),but the criterion for acdepting
them is o display of the operation, .
as was done by Ptolemy. But this is not found in the
cose of any of the mederns, and thus
the necusation against their operation is reinforced.
As to the Hindus and the Persians, they have a
cnmmuﬁ opinion, and so the
zifes of the Shiah, and AbU Ha®shar, and Ya®qib ibn
Tariq contain nothing on which they differ except only
&ne thing, )
the difference of which does not exceed ofe minute.
But Muhammad ibn MUsZ al-Khwarizml
lacks this {agreement) in his z1j. And they have for
Saturn eight parts and thirty-seven ] )
minutes, and for Jupiter five parts undAsix minutes,
and for Mars eleven parts
and twelve minutes, and for Venus two parts and
thirteen minutes, and for Mercury
four parts.
But al-Khwarizmi adds to Mercury two minutes,
following Theon in this, but
differing {from Theon) in the integer part, following
for it the Hindus, as if he is to decide which part teo
choose from which!
And the law of al-Fazarl 1is oproportional te these

quantities. He suggests in ‘the case of Saturn

multiplying the sum of the sine {of the argument) and
its tenth and one sixth of its tenmth by three,
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the equatlon of the sun will .be by this ratic two
parts nine ' ' o o
minutes, and nine and Lwo thirds of s secoend, and the
equation of the moon will he four parcs, fifty-eight
minutes, and twelve seconds. And if we compute the
circunference of the apogee assuming that its ratio
to the maximem equation is as .the ratio of the
circumference to the total sine, using the quantity at
which he ‘
estimated it, they will come out for the 5un as four-
leen parts and forty-five minutes, and for the moon
[thirty-twd parts, and thirty-five minutes and twenty-
seven seconds, '
and both of them are sharply in disagreemenL w1th what
we said. 50 this is the situation with the Equatluns
of the two luminaries.

And as to the equations of the fxve planets in
the deferent, Theon
has followed in most cases the Almagest, ‘but he has
for Saturn in his zij, the Canon (al~Qanun) s5ix parts
and thirty-one minvtes, which is one mipute less than
that of the Almagest, and for Jupiter five
parts and fifteen minutes, whlch is also one minute
less, and for Mars eleven parts,
and twenty-five minutes, and for Venus two pdrhs and
twenty~three minutes,
and for Mercury three parts and two minutes, which is
ten minutes more (than that of the Almagest).

And the majority of the moderns have followed him
because they did not make any

cbservations on them, and so they did not change them,
except for Venus. And the dgreement among them 1is
that the equatien of the sun ig equivalent to its
(Venus®) equation. And they observed the sun and thus
toock for '

its (Venus') cquation the same us its (the sun's)
equation. ’ -
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of the apogee of the sun is equal to thirteen parts

and forty minutes, and the circumference of the apogee
of the moon is thirty-one

parts and tweniy-six minutes. And the meaning of thisg
circumference is that if they ;ighted. on the center
of the circle of the apogee

and with the distance of the sine of the maximum
equation, which is ' '

the eccentricity, a circle, and they called it the
circumference of the apagee, and for that they have
{certain} reasons, in their operations,

the explanation of which would involve & lengthy
discussion.

And since the ratio of the circumference te the
diameter, according to Paulus,1s as the ratio of three
thousand
nine hundred and twenty—sevpn to one thousand and two
hundred and fifty, the radius of
the circumference of the apogee sccording to this
ratio will- be, accoerding to Paulus, for the sun, twa
parts and thirteen minutes
and forty-one seconds. And for the moen, four parts,
fifty-six
minutes, and one second, snd on rounding -off and
lruncatjion we get what we have mentioned.

But he points out that the ratio of these circumferen-
ces to the maximum equation

is s the ratio of the circumference, which 1is three
hundred and sixty, to the total sine, and if

we derive the circumferences from the equations of the

twe luminaries by this ratio, they will come out as
fourteen parts and three minutes for the sun, and
thirty parts, fifty-nine
minutes, and forty-one seconds for the maoon, and those
are their apogees (i.e. apogee epicycles).

But accerding te Brahmagupta the square of the
diameter ls odne tenth of the square of the circumfe-

rence, and sccordingly
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As to the Karanasara, meaning "Breaker of the
zijes™, its awthor :::: . iy )
Vittesvara, prescribed in the e¢ase of the sun multiply-
ing by ten and dividing by twenty—Lhree, .
and in the case of the moon, taking the sine aé it is,
wiLthout ﬁultiplicatiun er ﬁivision.

And Lhe total sine in these kardajat is three hundred
minutes. ‘Sp it is_apparent that the maximun equation
of . : ‘

the suan will come eut by this as two parts, ten
minutes, and twenty-s5ix seconds. ' )
And the moximum equation of the moon is five parts in
the Karanatilaka meaning, "The Choice Part of

the ZTje;" (lit. "The Forelock of the zIjes™). Its
author, Vijayanandin, prescribed, in the <cose of Lhe
sun, [multiplying by twe and dividing by three. and
in the case of the moon] multiplying by three and divie
ding

by two. The total sine in  his kardajat is two
hundred minutes, and this ig why the maximum equution
of the sun has come out

equal to two oparts, thirteenl ﬁinh:es, and twenty
secoads,

and that for the moon gs five parts.

And there are found in some works which are more
preciows than their z7jes, namely ‘“the siddhdntas,
numbers for the two luminaries
which are called tircumferences (Eihitiij which-are to
be multiplied by, and other numhers. ;ith them which
are

the parts of the division. Thus, in the Pulisasiddhanta

the circumference {muhit) of thre apogee of the sum is
fourteen

parts, and the circumference of the apogee of the moon
is thirty-one parts.

And in the Brahmasiddh@nta, a tale without display

of the (actual) operation, the cirecumferecnce
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"And for cach, God has given & measured share.™

This is a section (which) sets forth in its firse
{part) the determination of the slne of the argument,
snd it prescéribes multiplying it by
seven, it i1s the [E]Q{- and dividing the number result—
ing by one hundred and eighty._which is the faq, and
there come out o
minutes, whick are the rIsat. Elevate them lIntao
degrees, and they sre the ratios not ¥Yet rounded off
(text garbled}.
The part of division in the (case of the) moon is one-
hundred and sixteen, {1t being [3133.

As to the kardajzt of the Sindhind,which (latter)
is the Brahmasiddhaota, lts

auther, Brahmagupta, has put the total sine in 1t as
three thousand two hundred

and seventy minutes, from nhich'the equation of the
sun will come out, saccording to the (above-)mentioned
operatlon, uas two parts,
ten minutes, and twenty-nine seconds, gnd the equation
of the moon, five parts. S0, verily
the couse of the difference{s) in the moximum equatlon
among the Hindus hes become evident; it is due to
the total sine and the varietlien in what was taken for
it, ignoring observation.

But that becomes clearer by enumerating what is
in their zTjes about it.
¥e soy thet (NGbhdld the Brahman put in his zIj the
kardajat of Krynbha?u and prescribed for
the equation of the sun what was related previously
in (our) account,

As to the equation of the moon, he prescribed

‘" multiplying the sine of {tg Ergument by thirty-one

and dividing the result by three hundred and sixty.
And by that his maximum equation will come out

as fouxr parts, fifty—six minutes, and three seconds.
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by a hundred and seven, and that {sine of the argument)
in thé'kaidéiﬁl .of__EryahhaLa by ten, and divides rhe
product by' | )
one hundred anpd Sseventeen, and the treatment of the
total sine along these lines is 45 preceded, asfter
it is known that these kardajat for a quadrant of a
circle are twenty-four, and.each
one of them is three parts and one hatf aand one
quarter.

And the tetal sine for Aryabhata is three
thousaand four hundred and thirty-eight .
minutes, and with this the maximem equation of the
sun will come out as twop parts, thirteen

minutes, and forty-two seconds, and by rounding off the

seconds we end with what isg required.

And the maximum equation of the moon will come out as

four poares, fifty—-six minutes,

and twenty-three seconds. Ir (the seconds) are

deleted the remainder witl be what is required.
And it is to this that the author of the farqan

21j refers, which is written in poetry after

the WHindu way of writing science in sloka verses. So,

when le used the sine of

ﬁryahhusa, he said, regarding the equation{s) of Lthe

two luminaries:

"Aud if you come epon  samething, add it to the sine

"Not in it, and thes from the sine you wanted,

"Ther multiply it by 7 ({z]a’?), and toke pleasure in
working skilfully,

“"Then fagq it (i.e., divide by 180} to obtain the
result,

"It is accurate rIs3t  ir yuu compuied {correctly).
YAnd then you drap every $ixty, as you used to do,
“And thus does the learned man not{?) on each eccasion,

“"Except that the 160 (f£agq) is5 for the sun, and with
116 (wiq) for the moon.
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it (R) were two and one half parts, and the maximup

latitude of the moon four and one half parts,

As Lo the amount ascribed taq the Sindhind, with
the addition of Yos®3a al-Ma’mini to it,
it is twe parts and eleven minutes. And it is this
that al--Fazari made use of

in subtxecting from the sine of the srgument of the sun

lan eighth] of it, and in doubling the sine of the
argument of the moon

toe obtain their equations, And  thus the maximum.
equation of ‘the sun comes out equal to two parts
and eleven minutes and one fourth of a minute, and that
for the moon equal to five parts, and that (is) as
though

the total sine were one hundred and fifty minutes. But
had he used in

the case of the sun the method of subtracting the
ninth instead of the eighth he would have been nearer
Lo the opinien of the people, and

others would have dnne'LhaL.

It is found in some of the copies of the Shah 2ij
that the nember of the minutes in the equation of the
sun
is thirteent and thus (also), in the equation of the
moon, if from twice the sing
a  seventy-fifth of it is5 subtracted that would have
been nearer to that quantity,

And there was mentioned in some of the bonks a
story about ml-Fazar] regarding the equation
of the sun, where he multiplies the sine of its
argument in the kardajat ef the Sindhind by a hundred
and five and divides the quantity by 2616, and that
(sine of the argument) in the kardajat
of Aryabhata by seven and divides the result by 180.
And in the énse of the equation of the moon he
multiplies the sine of its argument in the kardajat of
the Sindhind by ten and divides the product
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in Damascus, and if its two ninths are added it will be
equal te what is ir the Sindhind Z1), while if

‘its fourth is added to it, it will become equal to what

is in  8l-Khwi3rizm3's 21J, and if its third is odded to

it

it will become equal te what is in the Almagest, and

this will be soa after rounding off the seconds tao

minutes by taking

as one minute the number of seconds that is greater

than half a3 minute. The (above-)mentioned people

practised observations,

and the differences among them {are with) regard to

the (actual) positions. And as for those who do not

refer {(to anything) but

what is good, as (do) the Hindus In describing the

situation with regard to themselves, (let them make)

some veriflecation of the sectlon (here) discussed
We say that they' originated the maximunm equation

of the sun which is

two parts and fourteem minutes, and the maximum equatjon

of the moon which is four

parts and fifty [-six] minutes, and they (the equations)

are thus in the Shah ZYj, since it has passed froam

India to the Persians, and this 1ig why they were put

thus in Abt MaCshar's zIj since

he depended on the Persians. But most of their zljes

are based on approximations, and In them they

obtain some magnitudes from other sagnitudes, and they

resort for that ta

the totnal sine. It resembles getting the lotitude of

-the moon from the sine by multiplying ‘the sine of its

distance

from the node by nine and dividing the product by f[ive,
since this is the ratio of

the maximum latitude of the moon to the sine of the
maximum distance, it being the total sine if
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by wone sixth of a mincte, and ke was, as he told me,

'planning to make instruments,

and conducting observations. XL was found by AbT DE’hd
Sulayman ibn “Ismat al-Samarqandl to be
one part ang Iifty—five minutes and two seconds, hut
he had wused in deriving it
Yaﬁyﬁ and Ptolemy's method of cbserving the times of
Lhé solstices, and that is theoretically correct
but invalid in practice. AbU Muhammad ol-Nasafi(p)
put it In his al-Mukhtasar {summarized) Z1j as greater
than what ’
Ptolemy had by four minutes. He-pretended(?) that he
had made observations while, in fact, he is @ plagia-
rising liar ana an impostor to
the craft (of astronomy).

The moderns have not, to all Appearances, made
observatlons on the moon by way of checking,
since none have dppeared. either differing or in
agreemeni, and they all follow in its single equation
{i.e. the one independent of the sun)
cither Ptolemy in that it is five parts and one minute
or Theon in dropping out the minute.
And I have not seenm on this subject anything other
than what is in Ibn al-Alam's z¥] where his equation
is less than five parts by seven minuteg. But strangest
of all is the tase of Muhammad ibn
Ish@q al-Sarakhs], who fnllnws Ptolemy with regard to
th; magnitude of this equation although he
is one of those who follow the Sindhiﬁd.

I have read in the commentaries of al-Jaihan]
that the equatien .
of the sun 1in the Me?minic (zI)), which is one part
and forty-seven wminutes, if one half of its seventh is
added to it
it will be equivelent to what was found by Sulaymﬁn;
and if one seventh of it is sdded to it, 1t will
hecome what was found
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{to be) two parts and twenty Lhree minutes. He was

- followed in this bf Theon of Aiexandria

is the Canon;and inasmuch as his (Ptolemy's) procedure,
in  the observations from which he ascertains the
eccentricity,
is not reliable, vrhe {above-)mentioned computation is
unsure. '

But as te the maximum equation of tLhe moan, he
found it Lo be rive parts. After him
Lhe maximum equation of the sun wos found, in the reign
of al-Malmun, by Yohya ibs AbT Mansir. to be
one part and fortiy ;even minutes, ;nd this observation
i5 not reiiable, according ta what is said of it in
the reports. Khdlid ibn “Abd al-Malik al-Marwariz}
found it, under Lhe supervision of Sanad ibn
A1, to be less Lhan two parts by six seconds. Habash
has put it in his 27j according ’
tp the ebservation of the BanJ MUs: ibn Shakir, as less
than two parts by one minute, It was [ound
by Muhammad ibn J3bir al-Battin] {to be) less than two
parls-by Fifty seconds, and we found it
Lo be near Lo this quantity. And through his own
observation Abu al-Waf3’ al-DuzjanT found it to be one
part
and fifty-nine minutes, once, diminished by twe seconds
and another time fifteen seconds, and ance
inereased by seven seconds, and another time 1wo
seconds and twenty thirds. .

And that, due to variations 1in observation and
eomputation, AbR Himid al-Saghinl thas found (Lo be)
more Lhan Lwo pa;ts by nne-thjrd of a minute by using

sines, and when he caleculated it using chords

and observation, he found it as exceeding two parts by
six minutes and six seconds. And i1 was put by
Abu  al-Q3sim ibn al-A€lam al-“Alaw} in his zIj called

al-“Adud] as greater than two parts
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for the sun, and (also) for the moan according to the
belief of the Hindus, and Hipparchus, and the (other)
ancient

Greeks. And in the (case of) planets _the unmodified
(i.e. mean) longitude, called the center, Is measured

from L.

And Kishydr ibn Labb3n followed Lhe same procedure
in his Jima® 21j, in
the casce of the seclors, and he considered them
according to mean distance. DBut e added, for the
first sector,
to the quadfant. one half the greatest equation. And
this increase is greater tham that {proper) magnitude,
as
Is evident from the difference aof the sines and the
mention of their degrees. BulL Lhe halving (should
preperly) oecur with the sine
of the waximum equation. 1t is gs though he had
followed Abu Ma®shar, who did the same in
the thirty-eighth chapter of his z1j, and he confirmed
it afterwards.

Mention of Lhe Distances of the Mean Planets

in the Weavens of their Apogees

And it is apparent that the ecrux (? madar) of Lhut
depends on the quantity of the maximum equation, and
{these) differ

in the z7jes for (various) reasons, the most important

among which are the difference(s) due Lo instruments
and operations, yet this is net the proper place for
talking about that. Other differences are due Lo Some
other reasons, some of which will become apparent
when we (now) talk about the two luminaries.

So we s5ay that Ptolemy mentioned in the Almagest
that he found it
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And we extend HH to B on the parecliptic.
Aed B will be the ;1ace of intersection of the two
circles (namely), the apogee (circle) and the pareclip-
tic, which are equal .
at the middle one. And it is the one preferred by
Ptolemy, for elegance(?), not that he was obliged to.
So let KB be a segment of this eccentric orhit, and let
us produce o .
BT parallel to ¥Pp, and T will be the center of the
nﬁugee circle (éi a new.deferent),
because the ratio of DH to DH is as the ratio of HT to
TB, due to rthe similerity ' )
;fl the 1isosceles triangles Dgﬂ and TBH. And B is at

the mean distance.

And let ®LJ be {(half another) assumed deferent, greater
than
the parecliptic, either tangent to the parecliptic at

I or differing from it (completely). And we produce
HHB

t; L and extend LM parallel to BT,

and M will be the center of ‘LJ similarly to what
preceded. And because DH is equal

to the sine of the maximum equotion, hence the deter-
mination (of the distance) between (the center of) the
apegee (heaven) and (the projection on the apsidal
line of the position at) mean distance

will be to halve the sine of the meximum equation, and
that is DS, and its

arc {sine) is then taken and added to ene qeadrant of
the circle, which is the arc (sine of) AD, and the sum
will be are AH,

which is what.wus required. And if it is subtracted
from the circumference, there remains src AHSZ,

(which is) the (angular) distance of the .;ther mean
distance (position) from the Bpogee, and from it (rhe

apogee} is wmeasured the unmodified argument ({or
anomaly)
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the ecliptic are what Join  them (the positions) 1o

‘the (line of) centers, which coincides with the

diameter ADHJ.

Ard then we bisect DH at S and drop uwpon it chord HSzZ
perpeadicular

to diametler AHJ, and the two points Z (and) H will be

‘for the lwo mean dlstances

And because if we Jﬁln DH {and) HI the two sides DS
{and) SH will be equal to Lhe lwo 51des HS and SH and
Lhe two angles DSH {and) HSH

(are) right angles, so0 the Lwo bases DH (and) HH are-
equal. And hence HH is |
equal to the rad1us of circle AHS and the farthest
distance, which is HA, N

exceeds the radius of that circle by the eccentricity,
I mean HD. And the nearest distance,

which is HS, is less than half it (halfl of AS) by the
ecccntrici;y, and the mean distance

is the one equal to it (i.e. DA}, and that is half the
sum of the two adjacent distances,

But the (angular) distance of point H, which Yields
the mean distance, from the apugee. is found at
the center of the eccentric orbit to be angle ADH but
8t Lhe center of the universe

angle AHH; and angle ADH, which is for the middie
(distancé) of the tra;el exceeds angle AHH
which is for the true position and the way it is seen,
by angle DHH, which is for tie equation. And likewise
is ’

the situation at point Z, which is for the otler,
right(-hand} mean distance.

Thus it is determined that the attaining of the
mean distance, (starting) from the apogee, by the mean
motion
(is) more than a quadrant, and by the aunegual motien
(is) less than 8 quadrant,
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is one straight (lipe). However the mean distance
differs with it. : R

And let us draw for that a picture that will make
it (easy to) sense. So let ABJ (in Figure 1)
be the perecliptic with center H which (is) in fact
the center l
of the ‘universe. And our position is on it (W)
approximately, because Lhere js ne sensible difference
between the two of them and ho apparent magnitude.
And let HD (be) the quantity between it and Lhe
deferent center. ' '

Ptolemy showed in the third treatise of the
Almagest that
the difference present for the course of the planet
due to this heaven will be the same
whether it is smaller than the parecliptie or bhigger

than it or equal to it. And the smaller is 1jke

Aqg; and whether it is tangent to the parecliptic aL A
or it differs from it, the place of their conjunction
(is) the apogee, I mean opoint A, and the perigee,
point S. And their positions in

Figure [
(p. 2l of text)
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in the deferent it is called in the Greek language

aIranjixﬁn, but I did not hear from the Hindus a
special name for it.

And linguistic anulogy gives it as bahala{7). becouse
it is sinking low.and degradation.
And as to its name (here § gap in the ms.) the exal-

tation of the planet nih(?)  because they «cail its
descent

nijast{?), but @umza did not mention it. And the folk
of the Arabic language (meaning those having Arvabic as
their native tongue) call it, when they need to
menticn it, sometimes the counter{point) to the apogee
and sometimes the opposite (point to} the apogee, and
sometimes,

?E?l? (the common werd for perigee, lit., the lowest

categoery),

But as to the npmean distance, it does not have a
special name, so far as we know. And let us (now) no
hack .
to the epicyele. The farthest distance in it is calied
in Arabic al-dhirwa (the epicyclic apogee), and in the
Greek language
(it is) as what was gforementioned for the deferent,
referred to the figilus, it being the epicycle. And
the
nearest distance in  Arobic is the counter{point) of
the dhitwa or the perigee of the epicycle, and in
Greek, analogously

to the previous, afranjiyun fiqilus. The mean distance
is (used) as it is with

{the word) epicycle adjoined. But gs¢ to the apogee
and the perigee in the egcentric circle,

they do not differ visibly, because the line passing
through its (the deferent's) center and tLhat of the
universe



-1

T

14
15

ON TRANSITS

the epicycle as Lo SphericivLy except by its surround-
ing the earth. So it is supposed that jawwl

and watar (chord) are two restricted (i.e. technical)

~titles by which tLwo things are referred 1o where what

is meant by them is known.

And let us mention the names of the three distances

in each one of the two circles,

aceording 1o the people of Lhe profession. As for the
Tarthest distance in the deferent it js called, in the
Greek languwage,
afrabkhizﬁn {sic), and in the Hindu, auj and it is by
Lthis that it dis known and used. And iLsrmeaning in
their langhage
(is) iofLiness and height so thay they called the most
exalled planet like that
aujast. And tLheir scientists gzl the farihest
distance manduj with the addition of Lie meaning of
looking
at it, because they call the epicycle ilﬂiéli- Lhe
fast (one).

' And what made them do thatr is that attainment of
ta cycle of) the equution rus to
the deferent will be in a slower time than attpinment
of Lhe one due to the epicycle.
And that is common to the Tive planets {(proper),
because they do not see in the motions of
the moon anyiLhing that requires an  epicycle for i,
And that may.he because

Tevelution in the epicyele,in coases ether than that of

Venus, (is) faster than revolution
in the deferent.

. And Hamza ibn al-Hasan al-Isfahanl claimed in
the "Boolk of Contrasts” (Ritab al-muwdzina) that
apogee

is the arabized form of auk which means, in Pahlavi
Persian, elevation and loftiness. As to the nearest
distance
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the bhinding cord {=chao
with nomenciature an
corrupt ihe meaning,
And the way to ihe
names) for it (tihe
unhindered.

However, as for t
canpot find an explana

tall right ascensions

HARSLATILUR

rd). And there is no difficulry

d titles, as long as they do not

more fitting and proper (of the

meaning) is straightforward,

he name jawwi for the deferent.i
tion for it, since they

juvi rast, and ome understands

by this mpame li.e., jaww]) either one

of the two meanings, b

the meaning is fixed b

ut  its place is5 in it (7 f.e.

¥ the context?).

But {(the word) kura (sphere) has been arabized

(from another language
one understands by at
also rightness (or stir
either straightness
farthest of the two (m
Lhe tables af obligue
stralght in planning.
this, the thought that
But if one has to expl
table, then its
straightrness is the ¢
due to the weakness
Lhe same way.

As to what is mes
equator the right sphe
(it is) due to the lac
it is (also) possible
sailing of the planets
ir it like the sailing
of {the meanings) we
the right sphere,
in which case the defe
(i.e.,the word jawwl),
resemble

) and in Persian i1 ig kui_ And
tributing to it (i.e. juyi rast)
dightness}, one of tLwo things:
of the tables, which is the
canings from gctuality), because
ascensions, yea all tables,(are)
By

jawwd is the table is weakened.

ain Lhe meaning of the “straight"

onsecutiveness of what is in it

of the day ol each locality in

nt by calling the terrestrial
re,

k of small circles in it. And

Lo call it a river due Lo Lhe

of ships. And the most probable

enumerated is that juyi rist is

rent has nothing to do with that

since {1t (the deferent) does not
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in enumerating them due to their equality and the
Hgreement of the situations in lhem _And therefore
each one of the two heavens,

‘the deferent and the epicycle is divided by the

(ebove-)mentioned distances into four pieces which in
fact are
Lthe  sectors {al-nitagat). The two (sectors) of them
which are elevated u;e called ascending, and tLhe twao
below, (are called) descending, and that js (reckoned)
by addition to the mean distance to the planet.
In one of the two ascending (sectors) it (the planet)
is coming down, and in one of the two dcscend:ng ones,
(it is) ascendlng

And the Persian astrologers call what relstes tag
the deferent (lit. the heaven of the 2pogee), joww]
and they say that the planet is ascending in the jawwi
or descending in it. And they call
what relates in this makler to the epicyele g chord,
and so they say that it is ascending in the cghord
or descending in it.

) But as for the chord, in its -lass used sense, it
is the sense by which Lhe zij (i.e., a set of astro-
nomical tables)
is called a Eii due to the discussiaon of chords in juv.
But the heaven of the dpogee is ngt distinguished
from them (chords) in it (Lthe 2I]).

As for iis primary sense, it is Lhe opinion of
the ancients regarding the halters (or bonds) of the
planets
w11h the sun and their retrugradatxun from the Lens:on
of the tord tightened by it, and its forward motion
by its slackening. And since that was, accerding to
those of thenm who - investigated retrogradation anpd
forward motion,
the epicycle, they referred its cases to the causge
(which is) well—known among the masses aof them, namely

amoeng the majority of them, which isg

18



14:

15:

11

12

13

14

15
16

17

18

19

TRANSLATION

which are taken in this order going from the highest
of the planets to
the lowest,

And since this is the most widespread opinion and
one relied upon by all,
50 the-people's ‘expression in (saying) transit above
or bhelow, this is from  a special (i.e., technical)
meaning for them, so let us go back to it.

Mention of the Three Distances

In the Eccentric Orbits

But let us introduce before it (the trunsiﬁ), the
distances of the planet and its variation in its
sphere, and what follows
from that with regard to ascent and descent and their
gonsequences, so that it will be easy to get
what comes after it.

And we say that each gne of the planets s
charscterized w}th
respect to Lhe eccentric heaven, whether it be the
deferent or the
epicycle, by distances from the earth which vary
between i greatest and a smallest, its two extremes
(of distance),
and a mean which is necessarily fixed bhelween them.
Hence,'the fixed distances of the planet
from the earth are three: the nearest, the mean, and
the farthest. And the mean is not {at)
uneg (position) for either of theam (i.e., the deferent
er the epicycle), but it is (at) two (positions) on
the sides of the diameter passing through the farthest
and the nearest {distances)

One at its  right and the other at its left. But
wention of one of them is left out
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And "they ascribed this opinion to that part of the

-Avesta, the religious book of the Hnginnﬁ,

which was transferred to the Byzantines (or Greeks) by
Alexander.

And some of them (i.e., the Persians?) made the
sun a center for the epicycles

-of Venus and Hercury, and they made the three superior

ones azhove that, according to their order.

But the Greeks were so¢ suspiciocs that
Plato doubted whether Venus is bhelow the sun or
above, as wos told by Yahyd the Grammarian (John
Philoponus) in his refutatiu; of Proclus.

Thereupon the sagscious of them have accepted,
regarding their (the planet's) motions,

the putting of all the planets proper (i.e., without
moon and sun} above the. sun;
they were left with (a space) between the spheres of
the " two luminaries, deveid of a planet. The space
was occupied by -
the two separated planets (Mercury and Venus) rotating
around the sun at a fixed distance.
Its (the space’s) thickness 15 not less than the
thickness of the two spheres sccording to their
minimum
and maximum distnnces. And in it (the space) nothing
impossible or probibited gccurs, such as intermingling,
collision, or hindrance.
And so they considered the sun ags being iﬁ the middle
with three of them which nre lower than it and three
abhove it
according to the solar arrangement.

And the learned among them found this a good
opinion and preferred it (to the others?) und none
of the astronomers of the nations have contradicted
them. For indeed most of them use the names of the
week days by the names )
of the seven planets as fixed by what is required by
the lords of the hours
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there is no {useful) outcome from a talk between rLwao
persons one . of whom speaks a language not understood
by the other, thus also

the opinions of these on the inside and those outside
are at the extremes of contradiction., But what I mean
{are)

disputes which ocecur among the people of the profes-
sion, who are industriously engaged ia investigating
it,

which {(disputes) do not prevent them inguiring and

expounding because wof pride. And these had realized

the elevalion of the sun above the maon,and they lower
the moon [rom it (the sun), and {(Lhey determined) the
magnitudes of their distances from
the earth, and ascertained their farthest distance,
mean distance, and nearest distance from the earth.
And they ascertained the ratios of the nearest
distances of the Qlanets to their farthest distances
only, without the absolute distances.

And some of the Persians pilaced the moon and
Saturn at the two ends of the ether
because the days of the cycte of one of them are near
to the years of the cycle of the other. And cthen they
placed the sun
and Jupiter as the nmext (planets) [rom the two ends,
because of the equality
of the months of the c¢cycle of this te the years of
that, approximately.

But this correlation which is taken [rom the times
did not tern out to be so after that.

And so they placed the sun at tie center of the

.epicycle of Veaus, and they placed Mercury and Mars

above it so that the height of Mercury above the sua

became as the lowering of . Mars Geneath Jupiter.
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ij:18 fleference 1o the Order of the Planetary Spheres

19 And there remains of the division its third pare,
and it is the objective of what we {now)}

13 discuss, I mean the transit in thickness. And te this

the astrologers refer

(1%

“in the conjunctieas gf Saturn and Jupiter, and they
call it a transit as A convention among themselves.
K] And had it not heen for this it was known that the

people” of this craft are agreed among themselves that
4 the nearest sphere to us jg the sphere of Lhe mean and
the farthest of the spheres of the planets

3 from us is the sphere of Saturp. And  if they said,
regarding the transit of the moon, that it is ahoye
Saturn, it was denying

b their saying that Gne  planei, the extreme distance

from the earth or which is sixty-four

times its (the earth's) radiusj passes over another,

the nearest distance of which from the earth g

g fourteen thonsand eight hundred and eighty-one times
its radius. But it is an expression

Yy without leading to thig meaning, which iz well-known
among them by ggreeing an it by convention,

0 although the order of the planats is BOL necessarily

thus. '

11 And T do not measn by that the confusion arising
from one whe is not in

12 the professionp and (is not) of jes People, such as the
sectarian talk among the Hindus regarding the moon (to
the effect that) it is

13  above the sun, and like ﬁhe .iﬁity dmong the other
{people), who ascribe motien to the planets

14  inp comparison to the stillness of the sky above them,
And such opinions are those of the uneducated,

15 and have ne  relevance (as ig the case) in any ecraft

between one who clothes himself (in the profession)

and one who divests himsell of i, (Just) as

14
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over the olher that if one of them is covered hy the
other, then their langitudes,

latitudes, ascents (sufud), and descents (hukit) ip
one direction are eq;al at the equinox, that )

would be & cause for the eclipsing of the lower (one

by) the wupper (one), and that would be an indication
ef lower {i.e. earthly) incldents, And it is gpparent
that his words stand for latitudinal transics.
(and this) cannot be interpreted otherwise. And in it
mention of equality in longitude end Intitude replaces
mention of ascent and descent. And the equuiity of
the magnitude of the two laotitudes when the
two longitudes are equal, necessitates an eclipse of
the planels exactly,
(though) perceived by his eye with a parallatic
differcnce.

And then he took up the transit in thickness as an
example, but with no success{?).
And after this example he ssid that the sirongest
indications of the high bodies (i.e. planets) at the
passing of some of them
over others appear at conjunction, whereas in
oppositions and quadratures
and the other aspects their indicetions will be less
apparent.

And if he meant by it the transit in thickness, he
also points his eye townrds the ]
latitudinal transit, and this 45 the ome to be
considered. And verily he sald, is it not that if two
planets ascend in one direction
and their parts (longitudes) are equal, the one that
rises first has the power, and that will not he
except by its renching the (afore-)}mentionéd elevation
first, I mesn that its latitude will ipcrease toward
the north

and decrease toward the south,

13
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and that is by considering the eastward {i}e,, proper}
motioen for both of them. ' _

But if the westward (i.e., diurnal) wmotion is
considered, it becomes necessity to substitucte their
declinations
for their latitudes, And if they become equal in one
directiuﬁ, their "{daily) opaths would be united,
and the transit of the planet would be at the positicn
of the other: and 3if they differ by a {(certain)
magnitude,
the transit would be above its position or below it
due to the difference of the two small circles ({of
declination).

And it is to tﬂis that the Hindus refer Lqu times,
which they believe are the eXtremeties
of bad luck. And  their  computarion for it is
mentioned in all of their zljes.
And they are: (first), the times when the two
luminaries are on one small circle (of declination)
when the sum of the distances
of their true longitudes from the beginning of Aries
(i5) six whole signs, and when they are on two equal
small circles
when the sum of the distances of their true longitudes
from Aries is equal to twelve
whole signs. And this (is s50) if the moen has ZeToD
latitude. But if it has
@ (non-zero) latitude (it will be) when it is on the
smnt% circle (of declinatien) of the sun or the {one)
equal to it hy observation, (i.e., parallax included)
not by computation. '

And Muhammad ibn €Abdull3h ibn <Umar a1-Bazyar has
said, in tﬂe beginning of the sixth treatise
of the Book of Coﬁ]unctiuns that every heavenly body
is higher than the one following it in rank. And it is
shown by the passing. of one ’

12



11

12

13

14

10:1

that their bhases fer it are

related, oxcept
south,

according to them

planets, I nmean,
with less laticud

and one without

latitude; and in the north,

one with more lat

TRANSLATION

in (the case of) Venus.

in agreement

, Stroager than the north.
its elevation is contrary to dll other

that

in

¢ in the south

latitude

itude,

the south
and one with
{it is5) above

And

with what we
It is in the

hence

it is above one

northern

And so long as the (distance)
which is between the two planets

at conjunction is more than one cubit, and that is one

degree, they call

equality. And if it is not mere than one

call it fighting (gital) and warfare, and

it,
with respect to

elevated one, and

it, in their language,

position

with

respect to power,

(isg

attributed

cubit,

to}

one that has many iestimonies and good fortune

according Lo their bhelief,

to mentiaon it.

but

this

is not the

they

victory in

the

{is to) Lhe

place

But what is necessitated by the eclipsing measure-

ment in which a planet passes over

another by the

direction,(is) Lhe nearest of the

equal

ity

of

their latitu

latitudinal

de in ane

trangits.

Tien that strength decreases gccording to the distance

between them, and

the ({above-)ment

then

ianed

elevation

transit is above the other.

But in appos

ition

the

agoccurs

strangest case fn it

the equality of the two latitudes with

difference of the two

the problem of

an opposition in

directions,

Lthe transit,

the

case

of

{while) one

(is)

but it is far from

fnd the nearest case in

the

transit

is

Lhe

equality of Lhe two latitudes of the opposing (planets)

in one direction,
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that it is the only known {region).alhhough investiga-
tion has not shown it te be ésbedially thus character-
ized positively, o _
except in a section where there Bre settled
habitations, As to the surface of the sphere of the
tniverse, it is, for all of it, _ .

an elevation fram &l] directions, and the sky is a
ceiling ruised over the earth. And there is a point
in it (the sky)

assumed directly overhead for the inhabitants, to whon
it alse hat the highest

elevation, while in addition the remainder of the
sphere is {relatively) lower than it. But the northern
region is characterized

by human presence, and the zeniths or the inhablted
parts are in it. And the sun and the planets

ascend to it and descend from it, and hence they made
it elevation by position, and made the

planets with Rorthern latitude .8bove those wilh no
Yatitude or with southern (latitudes),

and the ones with more latitude to the north (above)
those with less latitude in it, and those with no

latitude above the ones with southern latitude, and
the one with less latitude

to the south above the ane with more latitude in it,
And  because the term elevation (2l-is5ti®l8') has the
apparent connotation of sovereigaty with no other of
the characteristics of elevation they used the name

transit in
—=dhs1t in

~Yatitude, and they said of the elevated one that it is

the one passing over the depressed one, meaning
by this difference a connection with the porth pele
and by the one below, distance from it,.

And the Hindus have an opinion regarding elevation,
though they did not mention transitlin it. And'that is

10
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ninth for its adversity (lit. going awoy) and its
declining, but if they become equally distant from
the meridian (s5ic, the sentence is incomplete.)
And as to the absolute one, (it is) also a conse—
quence of the western motion not characterizing any
particular horizon. And this is why iL is imagined to
be a consequence of the eastward {motion), And ir i
that
the planmet be in the tenth sign of another planet's
sign, becouse the tenth (house)
is the  most exalted center {or cardine) and the
place of sovereignty and capture of everything else,
So, on whichever horizon
this planet may be, by necessity it must continue in
it, the first planet

will be in its midheaven elevated above it (i.e. the
other planet).

And the specialists mix this absolute type with the
resiricted one.
And they express their lwo situatiaons by motion of the
strong one in the figure of the assumed horizen, and
they use it
according Lo them because the seventh, though it is
the tenth of the tenth, is then lower than it
and less Lhan it in exaltarian.

And  thus, mention of (all) the possible Lypes of
transits that are related Lo lﬁngitude has been made,
Following is the latitudinal Lype of them, and
elevation goes along with it, a5 well as with
thickness, from neither of which can it be sepuarated.

Mention of [atitudinal TransiL

And so we say regarding latitudinal iransit, firstly,
that the belief of the people concerning the northern
region is
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ON TRANSITS

that there is no need for the lungltudjnal type of
transit except advancement and délay'nnly.

And here is another sense in which the astrologers
use the name transit ip which
(however) the sense of longitude is more legitimate.
And thst is if Saturn and Jupiter complete, in one

of the four triplicities, twelve conjunctions by their
mean motions, they shift

Lo the triplicity which is next tao that; they will
conjoin in it twelve times also. And so they calied
the shift, shift of the transit {intiqal al-mamarr),

and the beginning of the Year in which (the shift)
takes place, (they called) the transfer (tahwil) of
the transit,

The Property of Elevatien

And assecinted with that transit is the property
of elevation. It is used in lengitude in
two ways, one is restiricted and the other is absolute.
The restricted one (is) a consequence of the westward
motion
characterizing trhe horizon of an assumed abode (i.e,.
geographical position), and it is that the planet by
it should he
in the tenth or the eleventh house, and it will rise
because of its high position, there, oaver
all planets which are not in one of these two places
at that time
and at that horizon, because elevation according Lo
this restriction will be given to what is at the
zenith,
and then (afterwards) to what is at the meridian, which
is the extreme of the (body's) moving
by the westward motion, and the extreme elevation for
a {ecertain) abode (i.e., locality). And the eleventh

is preferred for its Prosperity (1it. coming forward)
to the :
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And had I been in Abu MaS®shar's place, I would
have called the first type corresponding in
course as al-Saifl has done, because of the coinci-
dence of 1wo transits of the azimuth(s) by the western
motien (as}
between each pair {(of signs), and we treat them
ﬁccnrding te one method, And then I would have called
the second corresponding
in times, or polent, because of the coincidence of the
two rising places. And I would have called the third
equipolient,
because ‘power is more suitable far impressing and is
better for astrology.

But as for the eastern motion, the distance to the
ecliptic, the sun
and those of the fixed stars that have no latitude,
stay ia il and do not leave it. And the fixed stars
which have latitudes (move) paraliel to it (the
ecliptic) by it (Lhe motion of precession).  And the
six moving ones (i.e., the planets) pass through it
somelimes, and incline
from it the rest of the time towards the south and the
north. And because this eastern motion
is characterized by lengitude, passing {or Lransiting)
through it (the longitude) is according Lo one of twn
ways: First, passing by
the faster {one overtaking) the slower, either both in
(the same) direction or in two directions by (virtue
of} their difference
in retrogradation and forward motion.

And it was not the custom of the people te calt
this a transit. Bul they express il as
conjunction or combust, And the second (way) is the
arrival ol a gplanet at a (certain) time at g placa
where anolher planet had been at a certain pust time,
and 50 it is called transit
or passing its (the plonet’s) positien. And Lhis ig
used in the transfers of the (cosmic) yvears. And it
is known '

7
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‘that some of them (mean;ng the aerulogers] .call the
elevated one commandant and the depressed ene obedient.
And as they are equal in ascensiong,

sa they @#re also equal in declination, and ortive
amplitudes, but in tweo dif[ereﬁt directions,

and their days (are) also equal &nd all that results
from the equslity of the two small c1rcles.

And the author of al- Blzldha] has called this type the
ones that agree in ascen51ons. And he then

mentioned another type @ot like the other one and
called them the ones coerresponding in course. And it
is that each pair of

zodiacal signs (has) one planet between them, such as
Aries and Scorpio to Mars, Taurus and Libra

to Venus,

Ard  when ABY  MaCshar transferred to the Greant
Inlroduction the elements {(of astrolagy) from
al-Bizidhaj, he mentioned that the Persians called the
first type whieh is eguipollient (lig. corresponding
in strength) potent, and the type which is coérrespaond-
ing in ascension he called corresponding in
Course, and he left the third Lype as it {5,

And then AbU Mubammad al-Saifl has mentioned it
2nd called the first t;pe equipollent,
and he called it also torresponding im course. And he
Judged AbuY MaCshar (adversely) for calling
Lhe second type the ones corresponding in tourse, andgd
he ascribed it teo ignorance of the heavens(or circles,
or spheres,- mannt_ﬂ) And in  spite of his (AWl
MaCshar's)
telling ‘the truth, he (Ab: Muhammad) still degrades
AbU Ma®shar, and he dees not givé him his due estoen,
Fer after atl
Abu MaSshar does not deserve all this attribution of
ignorance, even though he has erred in nomenclature

here and followed partially the author of aI~Biz3dha{.
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to the end of Sagittarius is commanding, and the one

in the other, the ascending half (is called) vbedient,

and that is
by reference to the westward motion. Because If they
rotate by it throuwgh one transit,
the one in advance would be the leader, and the other
would be led. However, as to their two situations
caused by the (variation in) ineclination, straighten-
ing up
of their risings, asnd the increase in their oblique
ascendings over their right ascensians,
and the obedience of the obedient (being) due to
defermation of their risings and the decrease of their
#ascensions, that has heen said {by others),

And the suthor of the Bizidhaj called this type of
signs corresponding in
Strength {equipollent), as if he  meant by strength
Lhe westward motion. And he said in another place
that the planet which is in Aries looks at that which
is in Cancer,
and so it is its leader by the motion of the whole.
And the ove in Cancer accepts its radiation (i.e.,
that of the one in Aries) and follows it.
And  he assigned the higher position te the western
motion with the two small circles in agreement, and
contented himself with aspect (neazar),

And same signs agree in asce;siuns if these are
equal for the lecality, (i.e., in oblique ascension)
such as Aries and Pisces. And for each palr of signs
equally distant from one and the same equinox
the times of their risings and the risings of all
pairs of degrees fulfilling this copdition,

are equal.

And Piolemy cails the northern one elevated and
the southern one, depressed. And it may be

5
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of the rasyir iz the time (measured in degrees @long
the celestial equator) which passes through that

.circle between the two (above~)mentioned cases (i.e.,

the two planets).

And the name of transit does not apply to it, even if
one of the two planets passes over .

the position of -Lhe other. And of the type of the
longitudinal transit ‘are the correspondences and
disagreements of (zodiacal) signs.

They are mentioned in the Introductions (al-Mudakhit,
to astroldgy) and the Bizidhojot (the VizhIdhaks),
and especially in the HImI (i.e., Byzantine) ones
where the meaning is implied by our terms, but if Lhe
words differ (from ours) it s due to our not having
the book.

And that is that the signs correspond or differ (in
course) according to .their discrepancy in time (of
daylight),

Thus some of them correspond in the arc of daylight if
the numbers of equal hours in

their twe days are equal, such us Gemini and fancer,
and as Taurus and Leo. And all such pairs of signs,

in general, are equally distant from a certasin
solstice. - And their two days and the days

of all pairs of degrees of them, that are equally
distant from the same solstice, are equal,

And  just as their two days are equoted s0 alsg are
their doubles(?), and their ortive amplitudes,

and the noon altitude (of the sun when it i5) at such
pairs of points and the two shadows at them are in one
direction, together with.all that results from

the ceoincidence of the two small circles {(madar). And
the signs and degrees amccording to this meaning are
paired. And each

one of every opair in the descending half (of the
zodiac) which is from the beginninq.of Cancer



17

18

19

10

11

TRANSLATION

and.reaches midheaven at the other's place of reaching
it. _

But the degree (of the ecliptic} where the planet
meels the meridian in
latitude is not its degree (i.e., its longitude) if it
is not at one of the two solstitial points. But it
(thhe former degree) is called the degree
of transit. And this name is not used for the western
motion except according to what we have mentioned.

And with reference to equality of azimuths, it is said,

that the transit of & certain star through a certain
5pot occurs
if dits (the spot's) distance {rom the celestial
equator equals its (the star's) distance. So its {the
star's) equality (of azimuth to that of the spot) by
this motion occurs once per
day, approximately.
By this westward motion the matter of the motion

of the stars
and other (hodies) is explained as béing what the
5tars and vays and 50 on are required (or fated) to
move to.

And the meaning of tasyir (is) that the planets
which are made to move must be
at  the assumed time, (either) on ane of the twe
horizon circles‘or Lthe meridian, or on a
circle between them which is one of the great circles
which are horizons of places less in
latitude than the latitude of that horizon, passing
Lhrough the idntersection of this horizon and the
meridian. And if the sphere of the universe turns by
the westward meotion until (a planet} which is to be
moved
reaches that circle on which was the first {planer) to
be moved, then the degree
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Mention (or Explanation) of Longitudinal Traasit

(or Transit in Length)

Since the primary simple motions in the heaves are

-LWwo,western and eastern,and the transit of the planets

has little conmection with the weestern {i.e. diwurnal
motion) of the Lwo {motions}, o '

hence no planet will pass another because of them.
Instead, it is said that a planet passes, by virtue of
the two (motions), over the

position of another planet:or it moves along its track
er it deviates from it

to dits left or 1o its right. And if they reach
together one Jof- the two circles, that of the horizon
er the meridian,

while they differ in declination from the celestial
equator, it is said, with respect to the horizon, that
Lhey rise tagether

or sel logelher, apd it is said, with respect to Lhe
meridian, that they reach midheaven together. But
if their declinations are equal in magnitude and
direction, the times of Lheir risings

and settings and of reaching midheaven would differ in
all positions except at conjunction, if

they are, in addition to all that we have mentioned,
in conjunction. This conjunction entails their
coincidence

by sight (i.e., sccultation) and the eclipsing of the
upper by the lower one; however, this is a conditiop
that hardly ever happens and is rarely

found.

o And if their two times differ, (i.e., they have
equal declinations but are) §in other Lhan this
eclipsing pesitian, nething can be
said regarding them except that one of them rises gt

the rising place of the other and sets at its setting
place
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In the name of God, the Herciful the Forgiving.

Abu al-llayhin; may God have mercy on him, said:
Transit {mamarri, in  the language, is derived from
eressing (ijtiyag) meaning either the actual act (of
crossing)
or the plate where the doer {(i.e. the crosser) may be.
And se it may pe interpreted as {either the act of)
crossing or the
place of crossing: and to (either of) these twao

mweanings the aslrologers (al-munajjimun) refer when
they use iiL., Then

they give it a special meaning in their craft whick
they call exceptional to the laws of language.

The ether is a body having three dimensions of which
the length (al-tHl) {s by conventian longer than the
width (al-fard). ,

But the great.circ]c on  the sphere is its longest
reqular distance.

flence 'length (gr longitude) for it is the (great)

circle (mantaga) of its molion,and width {or latitude)
is what crosses (mu€tarid)
20 tari

the length. And hence in the sphere it is what is
between its (i.e. the sphere's) great circle {of
motion) and its

Lwo poles. And thickness is by necessity what is
between the two ends of Lhe ether along the diameter
of the sphere; ]

one of these two ends is the lower one, 1 mean Lhe
concavity of the moon's heaven. And the other

is the upper one, which is the convexity of the ecircle
{or roundness) where what exists ends and where is the
exlinction of existence.

And  iransit (as) mentionmed in astrelogy deals with
each one of the three dim;nsiuns.



TRANSLATION OF THE TEXT

For ease ol reference, the translation is displayed
according to the pages and lines of the published Arabic
text. The numbers in the upper left—hand corner of each
page of the translalion give the page of the text and, fui-
lowing the colon, the number of the particular line with
which that page begins, The column of numbers belaw gives
only line numbers excepl where a new page of text begins.
Readers referring back to the text {the Hasa'ii) should
note that in it each of the four treatises it contalns is
paginated sepanrately. In general, parentheses in the trans-—
lation enclose words or phrases not din the original, but
added for «clarification. Square brackets in the transla-
tion encleose restorations to the text. Except for restored
letlers on the Iiﬁures, all such resteorastions are noted in
the commentary, the Arabic both of the text and the emenda-
Lion bheing given.

Paragraphs in the translation are those of the printed
text.
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{Bankipore), Patna, India,. Thus far, however, we have_been
unable to secure o microfilm of this manusﬁript, and the
translatien has been prepared from the published véfsiun of
the text, the third of four treatises bound ngether under
the title Rasa’'ilul'BIruni. It was printed in 1948 by the

Osmania Oriental Publications Bureau, deerabadvnéccah,
India, as one of a series of important texts being published
by the Bureau. o - o

A preliminary translation was made by Mr. Saffouri
during the academic year 1956-57, under a grant from the
American Oniversity of Belrut. Large sections of the text
at this stage remained unintelligible to both of us. During
the fall semester of 1957 I worked systematically through
the original, improving the translation, and discussing
partial results as they were ohtained, in a seminar held at
Brown Oniversity, Professors 0. Neugebauer and A. Aaboe,
who participated in the seminar, made many fruitful sugges-—
tions involving all aspects of the ‘work. This phase of the
job was continued during the succeeding spring term at the
Institute for Advanced Study. Thus the substance of the
text was in large measure made ¢lear, and during the
current scademic year Mr. Ifram and I made a thorough
revision of the trorslation. The latter was done on time
made available by n grant from the National Science Founda-
tion, Washington, D.C. Copy for the-photo-offset reproduc-
tion was typed by Mrs. Kawthar A. Shomar. The title pages
were designed by Professor John Carswell, and the Araobic
title is in the hand of Mirzs Nur-ud-Din Zelne.

To the Institutions and individuals mentioned above we
express deep gratitude, while retaining for ourselves the

responsibility for all ‘mistakes ‘which this edition may
contain,

E.5.K.

vl



Preface

This beook makes available in English transliation one
of the wminor works of an individual who was at onee a
-versatile contributor to the science of his own day and a
matchless critic and historian of the scientifie lore of his
predecessors.. -Hirunl was able to use meny sources which
have since disappeared, and his writings afford wus part ef
the means for eventually tracing the transmission of astro-
nomical theory between the Near East, India, and Iran.

The reader must not hope to find here =a synthesis of
‘Islamic astronomy. Our author set himself the task of
examining the ramificatinns of a particular concept which
is more astrological than astronomical. The reading of his
results is not made easier by the fact that he felt Thimself
constrained to write in terms of tLhe best planetary theory
of his day, that of Ptolemy, whereas the technigques he
describes seem to have been worked out in the context of &
more primitive body ef theory. Nevertheless a study of the
text leaves us with a reasonahly adequate understanding of
the main topic. Out what is vastly more rewarding Is the
callection of byproducts. This treatise is @ veritable
mine of numerical perameters, in certain cases whoie sets
of reloted planetary constants which can be made secure by
internal cross-checkings. There are a number of quotations
from lost works, and all wmanner of incidental statements
bearing wsefully on a variety of topics.

It has been our effort to tramslate the entirety of
Lthe text as faithfully as we could, to explain in terms of
modern symbols those seections which seemed to require
explanation, to point out those which remaln obscure to us,
to recompute and verily numerical material where opossible,
and Lo make appropriate references to the iiterature. of
the shortcomings in the result we are all too aware.

The unique extant manuscript copy of the original text
is Arasbic Ms. 2468738 of the Oriental Public Library



Loprright eesereed by the Ameriean University of Befre



AI-BIRUNI on TRANSITS

A Study of an Arabic Treatise
entitled

Ay T LTI
/éU‘fffff’J e
by

Abu al—RayI}ﬁn,
Muhammad ibn Al.lmad al-Biruni

(d. 1048)

translated by
Mohammad Saffouri & Adnan Ifram

with a commentary by

L. S. Kennedy



Courtesy of the American University of Beirut

100 copies printed

Instilut far Geschichtg,-dur Arabisch-Islamischen Wissenschaften
Beethovenstrasse 32, D-6(325 Frankfurl am Main
Federal Republic of Germany

Printed in Germany by
Strauss Offsetdruck, D-69509 Mérlenbach



AMERICAN UNIVERSITY OF BEIRUT
Publication of the Faculty of Arts and Sciences

ORIENTAL SERIES NO, 32

Sources and Studies
in the History of the Exact Sciences

I

Al-BIRUNT on TRANSITS

oI

J‘{/ J)L'Lluf;
o\

(e 5

..-hf

—-_,_,_,—-v"./



Publications of the
Institute for the History of
| Arabic-Islamic Science

Edited by
Fuat Sezgin

ISLAMIC
MATHEMATICS
AND
ASTRONOMY

Volume 33

Al-Birani on Transits
A Study of an Arabic Treatise entitled
Tambhid al-mustaqarr li-tahqiq ma‘na al-mamarr
y
Abii 1-Rayhin al-Biriini
(d. 440/1048)

Translated by Mohammad Saffouri & Adnan Ifram
with a commentary by Edward S. Kennedy

including a review by
G.J. Toomer

1998

Institute for the History of Arabic-Islamic Science
at the Johann Wolfgang Goethe University
Frankfurt am Main



Publications of the Institute
for the History of Arabic-Islamic Science

Islamic Mathematics
and
Astronomy

Volur_ne 33





