AL-BIRUNT'S MASUDIC CANON

F.S. Kennedy

Of the one hundred and fortv-six writings estimated as having been
composed by Aba Rayhin al-Birani (b 973), the great scientist of Central Asia, a
hundred and twenty-three seem to have disappeared. Of the tew which are
extant, seven can be regarded as major works, and of these, tour have heen edited
in the original and translated into a European language. Two more have heen
published, but in Arabic only. One of the latter s al-Qanin al-Maviidi (hsted
under Canonin the bibliography) an exhaustive asttonomical treatise wiitten atter
the manner of Prolemy’s Almagest, Tt ts o prime source tor the history of the
medieval exact sciences, and pottions of it have been translated (or pataphtased)
into German, while other sections have been explotted for particular studies. The
translation of the document as a whole has repeatedly been called for, and thisis
underway in the U.S.S.R. pending the completion of this, and smce thete are
many historians of science who read neither Avabic nor Russian, the present
paper is offered as a temporary stopgap.

Itisessentially a detailed table of contents of the excellent Hydetabad edinon,
and at least makes known the 1wpics discussed in the Qaniin. The relesam
literature, to the extent it is known to the author, has been hsted m the
bibliography at the end. References to the emries ate made by uvng itabcised
abbreviations. ‘The only detailed description of the Canonthus tar toappear n R
R, but it is in Russian.



The title page and dedication are not paginated, nor are the two pages listing
the seven MSS used in the cdition. Abbreviations emploved in the ¢ritical
apparatus are also listed.
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Chapter 8, On the transformation of une of these units into anothe

Chapter 9, On the combming of years, heing generdl matenal concerning
chronology and epochs of the Jews, the Indian Kalivugas and Kalpas, the
Hyra, Alexander, Philip, the Persians, the nineteen vear cvle, and the 342
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intercalation before Yardigerd,

Chapter 11, On combinations resulting from lunat leap vears, wcduding mention
of the Jewish and Indian calendars, and the duodecmal animal cveie ased
by the Chinese nd Turks

1TRE IS IL On Calenlars, the three best knowarhong the Hyra Greek
(i ¢, Selenady, and Persan

Chapter 1, On converting dates from one of the three calendars ity another
{Sections) on the mittal week-days of Hijra mombs and vems
1able of nitial week-davs for the Arab (1. Hyra) months
(Sections) on the imnal week-days of Yazdigerd (1e . Persiany vears and
months
Tuble of mitial week-days of the Persan months
(Sectioms) on the initial week-davs of Alexander re Sticuadiory S
norm, cp«xh 1 Oct, 312 B C vears and Svian months
(4 sectzon) On determining whether a svrian veao 1 leap v o o
[ able of iinal week-davs of the Syrian and Bvzantine months
(kxplanation of the foregoing rules )
(Sections) on comverting from dates in any one of the three calendarcro dass
elapsed since epoch, by caloulation and tables
TIable for performng the above opetanon
(The explanation continued )

Chapter 2, On disunguishing dates mixed up awmony the calendars

Chapter 3, Concermng the confusion with 1egand to the thiee well-known
calendars. The discussion imolves the epochs and dates ot Alexander
Philip Arrhidaeus, the Sasanian dvnasty, Zoroaster, Dazs, the Prophet.
and Yardigerd (see Tagzadeh)

Chapter 1, Oun calendars other than the thiee well-known i this art
(Section) on the determmation (of a date) m the calendars of Phlip and
Nabonassar from that of Yaedigerd
{Setion), the same determination as above hrom a Hipa dare
(Section) on the epochs ot Augusts and Diox letian
(Section) on the determmation of a Magian (al-Mapis) date Brom adate in
the Yazdigetd calendar
(Section) on the determimation of (the wliph) al-Mu'tadid's mtercalaton
from a Yardigerd date
(Sections) on the determination of the above two dates trom Hipa o
Alexander (Seleucid) dates.
Explanation of difficulties encounteted with the calendars descibed anthus
chapter,
A cutious passage states that a reason tor the use of the epaciiof Dindetian
1 that 1t 15 ased in the examples of nauvy (hotoscopes) in al-Buidhay
al-Rimi, the Byzantine version (3} of the Pablivt anslation of Vertius
Valens “Anthology” (see Binini, I'anss, p 124, and Nulline, pp
238-240). Birani adds that perhaps the reason for the later i that the
nativities wete computed by using the zip wistten by Limochans (i,
] rmiikhins in the Arabic), which used this calendas

(hapter 5, Om (still) other well-known ¢ hronologies. This chapter has mamb o do
with the confusion of Jewish, Samaritan, and Chrstan tradinon reganding
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the dates of the creation, the Flood, the Fxodus, the building of the
lemple, and soon It covers the same ground as Birini, Chron . pp 16-28,
but is not identical with it. Binini’s authorses mclude Andronicus,
Fusebius, and Anianus the Alexandiian (o1 Anius, or Annianus, see
Chron., p. 25 and the note onp 371, also Ginzel,vol w, p. 289) ‘T he latteris .
evidently used also by bii Ma'shar, Cony, 1. ' 145
A Table giving the years, reckoned from Adam, through the descendants
of Seth (> Shith), of the offspring of Adam. Differences between succewive
entrics in the table are also shown. The last entry has the date 1064 of
Adam. (See Birini, Chron, p 85) 148
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first entry is Thizids (%) 1162 of Adam; the last 15 Kasivitiiris () 2242 of
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A Table, as above, of the Assyrian kings of Mosuland Niniveh 3280104674
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A Table, as above, of the kings of Babylon and the Medes. 4709 10 4953 of

Adam (see Chron, p. 101), The Iist ends with Danus, 154-15h

A Table,as above, of the Persian kingy, after conguermg the kingdom of the
mountaincers 1 he st begins with Cyrus, 4962 of Adam, and ends with the

last Danus, 5162, 155-150
A T'able, as above, for Alexander after the conquests of Egypt through the

Prolemai dynasty (see Chron, p 103) 5168 of Adam to Cleopatia 5462, 156-158
A Table, as above, of the Roman emperors beginmmg with Augustus (5505

Adam) and ending with Dioxletian 158-161
A lable, as above, of the Chrsuan (i e., Byzantine) kings of Byzantium,

from GConstantine (5828 Adam) 10 Herachus (6112 Adam) ((f Chron., p.

105) 161, 162
A T'uble, now reckoned from the Hipa, and giving dates and successive

differences in Hipra vears, months, and days of the caliphs and prindipal

ceventsin theirreigns, downto‘Abdallah b, al-Qadir, 425 A H.(1034A D) 163-168
I'he dis ussion interrupted by the grand chronological table here resumes 169

Chapter 6, On the Indian calendar, ity extraction from the three well-knawn
calendars, and conversely (tiansl. and commentaty in Hindu Cal.). The
author gives explicit rules of conversion, using the mean calendar imphiitly
throughout (see Schmdt, p. 141). He unes the Saka and Gupta eras, explaing
the hierarchy of units based on the “bfetime of Brahma™ and the Kalpa (see
World-yr and Ramific) The parameters are those of Brahmagupta, and

there are frequent references to the Arkand 7ij and the Khand. 172
Chapter 7, On the years, months, and festivals of the Jews, and their extraction

from the thiee well-known calendars, and conversely. 180

(A Sectron) explaining the table following 182

A Table of the milid (Heh molad) of the (Jewssh) years in week-days. (The
table 15 in Chron, p 145) The argument runs in muitiples of the small
(19-year) cvcleupto 532, thence by the great cyde of 532in steps of 10, 542,
. 2138 years. Entries give week-day, hours, and haylag (Heb halihim). 183, 184

A Table, the same arrangement as above, for each year of the 19-year cycle. 185
The explanation resumes, 186
A Table of the number of days (exptessed in sexagesimals), hours, and

halakim per numbers of small cycles 187, 188
The explanation continues 189

A Table of limits determnmng the chavacter of the Jewssh year (cf, Chron,, P

150). 190, 191
A Table showing on what week-day the month beginnings i cur. (Chron , p.

155). 192
Explanation. 193
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A 'I'able of leap years (Chron , p. 156).

(A Section) on the determination of a Jewish date from (adate inyone of the
three well-known calendars.

(A Sechom), the inverse of the above.

A Fable of the festivals and fasts of the Jews («f Chron, p 268-281)
Description of the fasts and feasts, and a discusston of vatious diffic ulties

Chapter 8, on the determination of the Christian fasts
A Table of the Christian fasts.
1 he explanation continues.
A Tableshowing for cach year of the 19-year cycle the Passover and Faster
dates and the years in which thev diverge (see Saliha)
The explanation continues

Chapter 9, On the Chiistian fasts and holidavs.
A lable of the Christian festvals and fasis (f Chron, p 306)
A lable nf the Christian fasts,
The explanation continues

Chapter 10, On the important days m Islam
A Lable of the impartant days n Islam in the Arab months (f Chron, p
325).

Chapter 11, On the Persian festivals and the famous davs of the Mgl
‘T'able of the Persian holidavs when they were Magians and ther important
days (f Chron., p 314)
I'he explanation continues

Chapter 12, On other examples (of chronological problems) even f their tue
explanation is uncertain Birizni mentions, in connection with the Indians,
the “"book of Paulusthe Greek” (hutdb [ B julus al- Vindni) called a sddhinta (
in his Arabic vidhinda not Sindhind) He savs he hears they have a
Romaka-siddhanta (ssdhind al-Riim), but he has not been able to procute
one,

A Table of famous days of the months ot the Syrians

UREATISE HI (On qugonometty, tanslated, ot tathet, paraphrased m
Schoy Mastidi )

Chapter 1, On the fundamentals of chotds and then determination
{Sections) on the determinanon of the chords of a third, quarter., fifth, sixth,
seventh, cighth, ninth, and tenth of urde

Chapter 2, On the consequences of the fundamentals of chords explained above
(A Sechon)on the determination of the chord of the supplementaf anarc of
known chord.

(Sections) on the determination of the chord of double, or half, or 4 quarter
an arc of known (hord

(A Section) on the determination of the chord of the differente between two
arcs having known chords

Chapter 3, On the extiaction of the chord of 4 mnth (of acircle) The computavons
are cartied through in full

( hapter 4, On the extraction of the chord of one degree of the three hundred and
sixty. Here also the full computation is given (see Reference s made to the
work of Ptolemy, Abi Sahl al-Kuhi (see Suter, p. 75), Abi al-fid (see Suter,
p. 97), and Ya'qub al-Siyzi.

Chapter 5, On the ratio between the diameter and the crcumference (of acnde,
T computation (See Muhit,, p 46)

Chapter 6, On the (hoice of a number for the (length of) the diametet, to be used
(as a unit) for measuring chords.
[ able of Stnes. The argument runs at quarter-degree intervals trom o0
%" The function is the modern sine, sixty times the sine as customary i
medieval trigonometry, not 1abulated to (sexagesimal) fourths Labulated
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also under the column headed al-ta'dil, the cqualflnn, isthe ncrement mthe
function for achange m the argument o 4,0, 1", and in the last column the
first difference

Chapter 7, On finding sines and mverse sines (from the table).
(Sections) on the smes of angles i other quadiants than the first, and on
linear mter polation
(Section on second order interpolations), Expressed in modern notation,
the 1ule 1

- 2
R e i

where Av, v vl-v, and Ay, =Av, +1-Av, for n any integer,
and Ax J («f Rosenf, where the text 1s interpreted differently).

(A Section on ) mterpolation for the mverse funcoon,
(Sections on) the versed sine and ity imerse

Chapter 8, On the shadows of gnomom (langem aid cotangent functions) cast by
hght, the vaneties of shadow funcions) and then application
(Section on) the determination of the diameter of the shadow (1 ¢, secam
and cosecant functions)
(Sections on) the inverse tangent and mverse cotangent functions
(Sectroms on) obtamng the tangent and cotangent tunctions and their
mverses from tables, change m R, the radis of the detining drcde, linear
mtetpolation, and second order mterpolation as in Chapter 7 ahove
Table of Tangents foe 607 for" = 1%2° 3% 8 10 four (sexagesimal)
places, with first and second differences,
Proof of the law of snes for plane triangles
(Settion on) second order interpolation asin Chapter 7 above tor funciions
i general.

Chapter 9, On the spherwal complete quadrilateral (or Menelaos, or transversal)
theatewm
Proot of the law of smes for sphencal trangles

Chapter 10, On 1atios between snes and tangents in the complete (spherical)
quadnlateral

I REATISE IV (On spherical astronomy)

Chapter 1, On the amount of the angle between the celestial equator and the
echptic, it beng the maximum dedinauon. (K). Biniini discusses the
abservational problem mvohed He gives the Indian value of 24°, and
passes on information on Greek determinations evidently obtained from
the Almagest. He then cites values obtained by the “modeins”, the
astionomers of the cahiph al-Ma'miin and their followers, and succeeding
observations at Balkh, Shiraz, Rayy, and a place in Khwarazm. His own
observations and results at Jutjaniva (1016/7) and Gharna (1019-21) are
described (see Sawth, pp 124-130), also the tahdid, and he concludes by
adopting the common Muslim value of 23, 35°
He discusses in tull the fallacious method for determining e advocated by
Muhammad ibn $abbah (f. K & §)

Chapter 2, On the cutting of the maximurn declination, and the determnation of
the arguments of the echptic degrees. (Tramslated in Schoy, Mas'idi.)
(A Section) on the determination of the declination of an ecliptic point.
(A Section) on the determination of the “latitude” ‘ard, of an ecliptic point.
This is what most Islamic astronomers called the “second declination”. (cf.
Survey, p. 140)
Table of the first and second dechinations (Birani's “latitude”) for cach
degree of the argument, 1o fout (sexagesimat) places (e = 23,35°)
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( hapter 3, On the night ascension and s inverse, by computanon and table
Lable of right ascensions, for each degree, to four places
1 he explanation continued .

Chapler 4, On the extraction of the distance of 0 star having (non-reto) lanturde
trom the celestial equator.

Chapter 5. On the determmation ol the (echptio) degree which transis the local
wmetudian with a star having (non-za10) lautude «f Tran, p 1)

€ hapter 6, On determining the degree {of longitude) of a star, and s Lanituee by
means of its distance from the celestial equator (dedmanon)and indegree
of transit

( hapter 7. On the determmation of the latitude of locahes from the menidian
altstudes of (elestial) exhies which pise and st

chapter 8, On the determination of the Littedes of localities from the mendin
aAutudes of (celesnal) bodies which never set (1onsd n Schey $)

€ hapter 9, On the determimation of the latitude of a locality from the mendun
alivtude of a body (at the locality) and at o locality of koown Lattnde

Chapter 10, On the determnanion of mendian alutude
1 Juble giving for each degree of solar Jongaude. and fon the Latitade of
Gharns (b 33,357 (1) the length of davhight in bowrs, £2) the length of
davhght in degrees of dailv rotation tazmdn). and (3) the mondian alutude
of the sun, all to four places

Chapter 11, On the determmation of the noon shadow (Transl i Schoy Mavudi »
\ ['uble of the noon shadow for the Latude of Ghama, aiang for each
mteger A~ 90°, whete s the solar longitude the valuesof 12 coth (A and
tan h (N), where s the mendun solar alttude, o tour places

Chapter 12, On the 15ing and setung amplitudes, their detetminaten, and the
determmation of the local latitude from them

Chapter 13, On the determinauon of the azmuth (of a celesual bodv) from the
altitude

Chapter 14, On the determimanon ol the dutude trom the aaminh (Tramd
Schov, Mas'adi )

Chapter 15, On the determination of the mendian bine by & number of methods,
and s venfianon.
Desctiption of the Indian ande

€ hapter 16, On the deternunation of the local lattude and the solar de dingtion by
means of (wo successne alttude and azinath obsersations

Chapter 17, On the equation of dayhght and the aros of the dav and the might and
the deternnaton of the local litude from them (Transk i Sihw,
Mas'udi )

(hapter 18, On oblique ascensions
A Table of oblique ascensions for the lattude of Ghazna, it being 13, 3%°
Fatries are to tour places for each degree of the argument
Fxplanation contimued

Chapler 19, On the degree of nung and settng of 14 s

Chapter 20, On the determmation of what (tune) has passed of 4 day by means of
the solar ahtitude, and comersely

(hapter 21, On the determunation of what has passed of aday by meansof the vl
anmuth, and comversely.,

Uhapter 22, On the determination of the tme ot night by obsetsation of the ned
sary

€ hapter 23, On the determination of the four cardines tor a gnen ume by (use of)
ASCensions,
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Chapter 24,0n the determination of the cardines by means of the lautude of visible
climate if (a table of) oblique ascensions 18 larking.

Chapter 25, On transforming time and ascensions (into those) anuther
horizon.

Chapter 26, On the descrption of the earth-cupola (qubbat al-ard) and the
extraction on of its ascendant. In discussing the onginof the cupola ideahe
remarks that 1t does not stem from the Grecks, who tonk as hase metidian
cuther the of the (bahy iigrydniis al-muhit), which gnes Babwlon dlongitude ol
70° o1, with Prolemy, the Fortunate Tsles (the canaties, al-Jazd'r
al-Khahdat) whereby the longitude of Babslon becomes 80° The notionof
the carth-cupola, he says, comes from the Persians who found itin Indun
hooks 1 here follow 1emarks on the relative posttions of the castle of Lanka
o1 Kangdesh, Yamkot (Jamkar). Meru, multan, Ujjain, «-Mansira, Sind,
and other mythical o1 actual localities m India (Cf Indw, vol i pp
306 318)

Fnd of Volume 1

Lable of Coments of Volume 2

IRFATISE V (On geodesy and mathemancal geography.)

Chapter 1, On the senfiation of geographial longitudes by means of solar
echpses.

Chapter 2, On the fixing of localines by the distances hetween them, (Traml in
Schav, Geogr )

Chapter 3, On the determination of the distance between (wo locahties of known
lantude and longnude

Chapter 4, On the determmation ol the longitude of a locality of known Latitude by
means of the distance between it and another (locality) of known longitude
and latude

Chapter 5, On the determination of the arimuth of one locality with respect (o
anothet

Chapter 6, 1 he practical ¢ vana't) method of determming the direction of the qibla
{the azmuth of Meca) and so on (Transl in Schoy, Mavidi )

Chapter 7, On the determination of the cncumference of the carth in ordinary
(palahivsa) units Bivand discuseos the vatue gnen i the Paicanddhanuka
and that determmead by the famous expeditions of the caliph al-Ma'mam
(Tramb, m Schoy, Geogr See Baram)

Chapter 8, Explanation of the propetties of the small ancles parallel 1o the
terresttial equator

Chapter 9, Desciiption of the inhabited parts {(of the earth i general and the

defimtion of its dimates by their longtudes and lattudes. Bitani refers to
the notions of the Indians (cf. India, vol 1, pp. 263-277) and the Greeks on
the subject, retetring alvo to the hishoarat of the Persians,
A Tuble of the latitudes of the (seven) climates. For the beginning and the
middle of each climate the length of the longest day (to minutes of hours) is
gnven, the corresponding latitudes, the menidian solar altitude (h) at the
winter and summer solstices, and 12 cot h for these times, and 12 cot hfor
the tme of equinox at these lautudes. All angular distances and
tngonometric functions are to three significant places.
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A Table of the dimensions of the cimates Fer cach of the sesen dimates
there 1 a column showng: (1) the latmude of the boundary o sevonds of
a1e, (2) the widih of the chimate inmilestoseconds of amale, (33 the width of
the (mate i farsakhs, to seconds of a Larsakh, (4) the length of the middie
of the dimate int degrees of the terrestnal equator, 1o seconds, () length of
the middle ot the Cimate u cubiat mtles (2 amyal madhrit), 1o mmutes of
mles, (6) length of the middle of the cimate m cubit ) farsakbs 0
mimattes, (7) area of the dimate i square (2 mukgsaraiinles, tominutes 18)
area of the chmate i square (2) farsakhs, o mamites

Chapter 10, On the hsting of the longtudes and Lantudes of Tocalmes saable
V [able of localiies with Iongiudes measured from the shore of the
western sea and Lantudes from the terrestnal equatin Phe cooreiman s ot
about six hundred locahties are gren, by dimaes, and the gener dregion
i which each localis hes See Geogr Lt

Chapter 11, Problems discussed i pracace Here Bitani dealy with vanons
mnethods of determining alocal lastude on the sola dedipanon or both by
ohservng couples of the followmg thice quannnes th the onng
amplituce, (2) the mendian solar alntude, or (3) halt the arc of davhight
(A Section) on what the first couple is. Here problems as obtamed o puosed
by Sanad bin *AR, Phibit bin Quisa, and al-Natizi are describedd
{4 Section) on the second couple
(A Secton) on the third couple

IREATISE VE(On tne diferences, the solar mopen, aned vhe cpaton
nitime )

Chapter 1. On the tanstormation of dates fie , ume differencesy as between one
locality and another

Chapter 2. On the venficanon ot the longitades of Ghazna and Aexandia
(I1ansl i Schov, Geogr , and retranslated in Kramers See abso the {ahdid
Baani ublizes the obsersations of Abi al-kadl al-Harawi and al-Khugands
at Rayy, those of al-Battani .t Rayqa, and his own with the instrumont
called al-Halgat al-Shahiva (the toval ving) at Jurpinna
A Lable of the longitudinal difterences i degrees ot daiby totaton, wothree
places, and in munutes (e, sixtieths) of the dav, between \exandiia aud
Damascus, Raqqa, Samarra, Baghdad, Rays, Shitaz, Jurjin, ab-Jurjanma,
Nishipar, and Balkh, and between Ghasna and the same cnes

Chapter 3, On how to determune the tmes of equinos and solsice and other
pasitions assamied on the echptic Birani bete ctes his awn abrernvations at
Juraniva in 1016 and 1017

Chapter {, On the netessity of the eccentric orbit, and how to protare it m the
heaven of the sun.
Mention is made of the annula edipse of 29 July, B3, obsenved o
Nishapiir by Abi al-*Abbds al-Trinshahti, and the total solar echpe ot 27
May, 876

Chapter 5, On the depicting of the motion of the heavens (ot the sun) which ate
supposed 10 be mtersecing Here s mention of the kitdb al-manshinar,
Prolemy's "Planetary Hypotheses™ (see Hattner and Goldsterm

Chapter 6, On the determinaton of solat mean motion by the method used In
Ptolemy
A ‘Table of twenty-three autumnal equinox observations beguning with
those of Hippatchus and endimg with Biinis own The other obsetvers
are Ptolemy, Yahya ibn abi Manstr, Khilid al-Mavw.d, Muhaoiiad thin
Al al-Makki, the Banit Misa, al-Battani, Sulavmin ibn lana
al-Samarqandi, ' Al al-Rabmin al-$afi, abi al- Wala' and two anony maus
astronomers. For each observation the locabity and its observaton are
given, the week-day, and the date i years of Nabonassat Another column
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gives the date and time (in sexagesimal parts of davs) reduced to noon
epoch at the longitude of Ghazna Other columns show ccessive
differences, and certam other computations M. Lesley has restored many
scribal errors m the text, and has shown further that the table o DAY N
inherent ertor which must go hack 1o Bivini himself Much the same list s
in the [ ahdid.

(A Sectiom) continuing the discussion of the solar mean motion lh('.hur"k
and results of Nazif hin Yumn (3) the Greek, Abii Sahl al-Kahi (obsetvingin
Baghdad in 988), al-Khujandi (in Baghdad, 994}

Chapter 7, That the solat apogee moves [n disoussing the solar apogee, maximum
cquation, and eccentrieny, Birani reporis, m addition 1o the Almagest as
usual, the observations and determinations of Abi Ja'{ar al-Khazn, Khalid
al-Marwazi and his associates (Baghdad, R43/4), Thabit ibn Quna
(Baghdad, «f., Neugebauer, I'hipnt, also the Tahdid), al-Battini (Ragqa,
#82/3), 1bn ‘fsma (Balkh, B88/9), Abii al-Wafd' (Raghdad, 474/5),
4l-Saghani (986/7), and his own observations in Jurjaniva (1016) and
Gharna

Chapter 8, On the amount of the (solar) apsidal moton Here Birani 1epoits the
results of many of the astronomers mentioned in the preceding chapter

and in additon al-Nairiz's 7ij called al-Mu'tadadi

Chapter 9, On the vertfication of the solar mean (position) and the extraction of 1ts
base (motion) For this determmation Birani uses the distance the sun has
taversed between one of Plolemy's observations and his own at Ghazna
(A Setion on) the determination of the argument (of the solar longitude)
and apogee for any time

Atable of the solar mean motan and apogee, to seven places, the positzons
for years 400, 430, 460, 820 Yazdigerd, the motion for vach of the
Persan months, for 1,28, 30 Persan (e, Fgyptan) vears,and for 1,
29 B0 davs,

Chapter 10, On the computation of the solar equaton and true longitude,
1able of the wolar equanon Fatries give, for each nteger degree of mean
longitude, the equanon and lirst difference to four places. This table and
the mean motion tables have been so set up that the equation function is
Alwavs posttive, e, it 18 always added 10 the argument and the true
longitude 1esults.

Chapter 11, On the equation of time, and the tiansformation of differing days o
equal mean days

IREATISE VII (On the lunar motion)

Chapter 1, A mention of the motions of the moon, and a recital of the opinions as to
its equable and vatiable travel. In the ensuing discussion Bivant gives
several sets of parameters ‘These have been idennfied and 1estored hy In
David Pingree as follows
To “the Indiams” (al-Hind) Biruni attnibutes in 788,958,225.000 days,
26,716.650,000 lunations, 28.87[6,6]50,000 Junar revolutions, and
28,632,597 071 lunar anomalistic revolutions
These are the numbers of the events indicated occutimyg in halt a kalpa of
the Brimasphutasiddhinta. Followutg s 4 set assoctated by Biting with
“Pulisa (o1 Paulia) the Greek™ In 889, O[4]0 davs are 30,105 lunations,
32,5319 lunar resolutions, 42,205 fnnar anomalistic re volutions, and 2,434
yedrs.

These are found i the Old Sinya-Siddhinta of Lita and agree with the
ligures given in the India, vol. 1, p 18. This is followed by analogous
Hipparchian parameters

Chapter 2,"The approach 10 the two lunar mations by associating the sun with the
moon where appropriate
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Chapter 3. On the vertfication of the two lunar motons In deducang hs own
parameters Binani uses echipses repotted in the Almagestand three Tunar
celipses observed by him that of 19 February 1003 at Jurgin, of 11 Augna
1003 at Jurjan, and that of 4 June 1004 at al-Juryinna of Khwiram
Lable of the lunar mean motion and anomaly, toseven places, lad ot like
the solar table on p 692

Chapter 4, On the Tunar motion i latiude
Sectton 1, On the explananon of this motion and nsvenfianon Heve alwo
parameters attnbuted to the Indians are gven which Dr Pigree has
shown 1o be hased on the Bramasphutasddhinta and  the Old
Siitva-Siddhanta of Lita
Section 2, On the pmninn of the ascending node and the determmanion of
its motion Here Birani also uses echpses recorded in the Almagew
able of the longnude of the ascending nade, lad out ke the table on
p 692

Chapter 5, 0n the lunar latude, Biviini refers i the work of Thn“lsmaaned Yahvi
Ibn aabi Mansis in this conneciion He savs nightly that i Habash's 21y the
maxmmum value of the lunar lantde s 116" mwhich, as usal. e dauns,
Habash leaned on the observations of the Banit Misa The topic leads
natutally (o a discussion of the lunar parallax and the rechmgue o
abserving it Bitand reports (via al-Nanizi's commentary on the Al s
an observation of 4 mendian passage of the moon made on 11 Decembw
870 by the Banin Misd
Lable of the lunar latitude having an enuy o tour places, for each intege,
degree ol the argument, The maxmmuny w the Projoman 5

Chapter 6, On obtammg the (penodid) retmn Cawdda). of the moon to previous
(stludations),

Chapter 7, On the difference of the difference of the moon fee the merplas of
the two equations),
Section 1, On why the moon necds i apadal heaven, ind the
determination of 1ts eceentrnian
Section 2,Onthe mchmingof the eprovdde diamerer, and the apposite poine
Answer of a question as to the best means of nbsersing the elongation
Birini prefers the anmilary spheie (dhdt al-halag)

Chapter N, On the situation of the lunar equations
Section 1, The explanation of cach of the tables
Section 2, The operation (for detcrniming) the true lana longitude wah
out tables
Luable of the lunar equatton Foties.e tosecondsof arc tor cachdegree ot
the argument, the Latter tunning through cach integer degtee 10360 ke
tunctions ate tabulated, numbered m the text with Arabie alphabencal
nunierals at the head of each column Wewilldenotethemby ), fs, I
and their graphs have been aketched m bgure 1 The tuncaiom e
analogous 10 those found m the conresponding tables of the \lmagest
cxeept for fs which gives the small correction mthe lanar position caused
by the fact that the lunar othit is not m the plane of the echpuc, butn g
plane shghily indhined 1o 1t As wath the solar equation, Binun keeps the
operation of subtraction at 4 mmnmmum by addimg suitable tonstants 1o the
cquation fundtions so that they will be non-negatne, where pracucable
Lhe mean maton tables have been modibied m an appropie e manner
Ditections fer computing a tue lunar longitude where w s the mean
elomgation, X the mean longitude, and y the anomaly (4 Nengebaner, p
198, sec also 8§ & K, Neugebauer, Byz., and jensen aie

Find f,(n)and f; (n)
Then put y+f£,(n)=¥', the modified anomaly,
and find fi(y") and f, (g".
Compute AA = f,(y)+f,(y).f(n).
Then the desired longitude is
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A= K+HAN- T4 fu(K),

where K 15 the argument of the lunar lahitude

( hapter 4, How to picture the (above-mentioned) motons sn the lunay orbs which
are n its sphete

¢ hapter 10, 1 he funar parallax m longitude and labtude between nswo tve e

and apparent) positions
(A Sectiom on) the determinauon of the lunar distance from the carth

(A Section on) the determmanon of the altitude of the degree of the moon
and #ts (the moon’s) alutude 1esulting from ats Lattude
{A Sechon on) the determmation of the toral parallex
(A Sectom,) Resolution of the total pasallax o longnude and Lartude
{components)

Chapter 11, On the lunar parallax
Sectron 1, On the determinanon of the tapparenty dhameters of the moon
and the eatth’s shadow Here agam echpses reported mthe Almagestare
used
Sechon 2. On the distance of the sun from the catth

IPRFATISE VHI (On edhipses and aeseent vaibiliy )

Chapter 1, On the angular veloty thub) of the s and moon and the tate of
clonganon (sthy) and comversely

1 uble of the avel of the sun and moon per mmnnte (1 sixtiethy of the
dav. totwoand thiee places respediivel, tor cachdegree of the argument

¢ hapter 2, On conjunitions and opposions of the sun and moon, and the other
situations which anse from then elongation

Chapter 3, Indescrption of the two varteties of ecpses, and how to por iy them
and the ditference between them and the shapes of the ight. (on the b
of the moon betore and after opposition

Chapter 1, On the lunat shadow and the distngushing between s vaneties

Chapler 5, On the mts which inhibit an echipse In the discussion Birani apphes
Proposthion 5 of the second Lieatse of Menelaow Sphenca et Araine

Chapter 6, On the extiadtion of the appatent diameters of the two fusinares and
the shadow diameter

Chapter 7, The computation of Tunar clipses
Section [, On the echpse magmtude and ats fracions,

A Lable gning totour places, A¢x)the areaof the smaller segmentotaciek

tormed by a chotd ot length v .3 1s measured i such units that the area ol

the whole circe v 12 The chord ¥ iy measured i such unis that the

diameter of the cirde is 21 Fntries are tabulaed for v - 030, Lg 130,
v 21

The table is used as follows In 4 lunar echipse, let m be the appazem

diameter of the lunar disk, s that of the shadow disk, and ¢ the comman

chord between them Then
2y e
"‘( "\')' 4(»1 )

15 the eclipse magnitude in areal digits
h'frlwn 2, On color differences i lanar echpses
Section 3, On the indlination of a lunar echpse and s deprion

Chapter 8, On the times of lunar edipses
Section 1, On absolute edlipse tmes
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Sectron 2, On the conditions of an echpse ocourting near suntse or sunset

Chapter 9, On the computanon of solar eclipses
Section 2, On the inchinaton of a solar echipse and ity depiction

Chapter 10, On the times of solar echipses
Sechon I, On abwolute (edipse) times
Section 2, On echipse times 1f 11 occms around suntise ot sunset

Chapter 11, On what v mentioned concerning the colors of solat echipses
Chapter 12, On the apparent) shapes of the lighted (surface of the) moon,

Chapter 13, On the imes of the heginning of dawn and the end of twilight, Birani
states that some asttonomers set 18" as the imitmg solar depression for
these phenomena and some 177 (See DD & K)

Chapter 11, On crescent visihility (of the new maoon)

Section 1, On the possbulity of secing (the new moon) and what preventaat,
and 118 necessity (1e what makes it cettainly vistble) Bining says that the
Mushim astronomets differ on this subject: Some, like al-Fazfni, Ya'gith hin
Lang, d-Khwinzmi, and d-Nanis, who follow the Indians, base the
determimation on the tme between sunset and moonset, Others regand as
cnncal the solar depression at moonset The methods of al-Nanidi,
al-Battani, al-Khwanzni, and Habash are shetched,

Section 2, On the anmuth of the aescent, and s beng mmment, and the
setting up of a sightng wbe

Chapter 15, On the hamat mansions and s (the moon’s) postion atong them, and
the days {fixed by) the imansons

Chapter 16, On uthn (lunar davs)
Sectrom 1, On the halves of tthis (CE Indra, vol. n, pp 194-203)
Luble ot the (Indian) names of the nthis
Sectran 2, On the desgnation of (e as distimguashed from mean lunar)
davs, and their (astrological) associates,

Chapter 17, On saperstiions (connected with Tunar and solatyechipses, The topic s
discussed abson the India, vol o, pp, 204-218 See also Biring, [ransale In
both secuom helow Bitani reters frequenty 1o Pulisa, once as “the Greek”
(al-Yimani), 10 Brahmagapta, his Khaudakhidvaka, and once o the
Karanatilaka

Section 1, On both lannnaries ey on . sngle dide of dedmaton
Seciran 2, On the two luminanes bang on equal but opposite dechnanon
arcles

Table of contents of Volume 3

TREAVISF IX (On the fixed sary)

Chapter 1, On the varicties of lununous (celestial) bodies
Section 1, On the ditference between the fnod wars wnd the plancts
Section 2, On the difficulty of naming the fixed stary

Chapter 2, On the classificanon of the fixed stars,
Section 1, On arranging them by magmitude.
Section 2, On the nebulae and the Milky Way.

Chapter 3, On the motion of the fixed stars
Section 1, That the motion is entirely about the poles of the echptic
Section 2, On the condition ol the stars situated at the pole of one of (wo
motions
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Section 3, On the determmation of the motion of the frxed stars Usng the
Almagest, Bitani refers toan echpse obsersed by Bimochanis, and takes o
his own base date 14 December 1040

Chapter 4, On the dassification of the fixed stas by the mhabitants of the fvanions)
regions of the earth

Sectrem ], On thewr conditions and nomendlature accordmg 1o ocal
latitudes  This s a discussion of stars which never sotm certam lattudes,
and so on

Section 2, As to which of these conditons change wath the passage of e
and the determination of what s admuissble of change and what s not

Chapler 5, on the counting of the fixed stars
Sectton 1, On the constellanons into which they e grouped
Sectun 2, On the registering of the freed stars i tables
Table of the fixed starscomprismg 1029 entes (cf Prolomy's [E22 plas bve
achulae) [he arrangement 1s by constellanons asssoustomary 1 he stans
ate numbered setially, from begmnmg o end, sonallv withi the
constellations - Arabic alphabetical numetals, and i order of macaing
Tongude Latiwde and ongitude are ginen 1o mimntes of e Two
calunis report the magninudes, the fostaceording to Prolemy the scoond
decnding 1o al Subi Vhe lettors kap o Vhary md wid thor o ohery e
assooated wath some of the magnwude cotncsiomdiate moe and s
respectnely

Chapter b, On the atnation of the fived stary with respea tathe sun

Chapter 7, On the eastern and western dfinstand Listappearancosiot the strs See
Indta, Chap  1vn) Birim refars o Prolemy s book on the tsimgs and
settings of the fixed stars, givang 2% s the cancal sola mgk-uhlqnu\u.n
for the settings of List magnitude s, .md tor helacal 1amgs o
depression for the fust magnitude and 7 12" for the sccond magnitude

{A Sechom ) gnving the method of computaien alone

Chapter 8, On the lanar mansions and thea stars, accotding to the Avabs and the
Induns) See Indin, Chap 1, Chron, Chap )
A Fable of the lunat mansions accding 1o the Avabs, giving the numbe of
the mansion, us name, the number of sy contuns md thar
descapnion (CF Chron . p %33 )
A Lable of the lunat mansions accnding to the Induny e nged bike the
precedmg one, except that a column shows Brahmaguptas osnmate ot the
mansions’ width

Chapter 4, On the Anwd’ and the winds (hawedrah) according o the hebiet of the
Arabs (€1 Nallino, p INT)
Another Lable of the Tunar statons, now showing abo the anad’” and the
assoctated numbers and winds, the Svian months and dayvs of then tanes
and settings, and the Sytoan mouath and day ot then qoing tor 1330S E
The discussion continues ,

LRFATISF X (On the planets)

Chapter 1, An accarate descuption of the condition of the e plaets and then
motions and the nomendlature ol then orbs

Chapter 2, On the method Prolemy came upon tor detarmiming) the vonditions
apogees, eprevedes, and motions of the tvo mteno planets)
Section 1, On the apogee and its woton
Settion 2, On the amount of the cocentinty
Section 3, On the determmation of the eprovde tadims and the venbicaton
of the anomaly by it
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( hapter 3, On the method Ptolemy arnved at for the superior (planetsylike that he
came upon for the infenor ones
Section 1, On the system followed for thiy 1opi
Sectien 2, On obtaining the amphitude of the (povde

Chapler 4, On the seting up of tables and the detennmanon ol planctary true
longtudes from them  Biriimi desciibes the atrangement of Prolemn's
tables and the ways m which his owndiffer After descnbing the dernanon
aof his planetary apogees he comments on thase of the ather ‘moderns™ O
Yahva tbn abi Manait he savs that the Latter's values for the apogecs are
about those of bus own, and he put their mouon equal 1o that of Regulns,
except for the sun. Tts apogee s put at 82" and it moton s anspeatied
Habash set up a table of apsidal motons vielding vesules ike Biruni oweept
in the case of Venus In the /i) al-Shih (probably Habash's seraon of the
latter) the true sun istaken asthe g gument of Venus fanomalv ), and thiis
impossible except of their apogees and equations are the sane Hened he
{Hahash?) has made the apogee of Venus the solar apogee as used by the
moderns Birani says al-Bartaui followed bam (Habash = inthis 1o spect hur
he (Birind) has alveady discussed this i has book on al-Baini's 71yt Borlt
RG No 111, not extunt)

(A Sectiom), directions for fmching the e longatude s of the five planets
Lable of the mean motion and equations of Saturn

Lable, sawme for Jumter

Lable, same tor Mars

Lable of the anomaly and equanons of V cous

Table, same fon Mercurs

For cach planet there v table of mean motions and posstons tor the
mferior planets, anomalies), all entres bemny toseven signthicant place, for
Yaschgerd 100, 430, 460, 820, for indimadual vears 1.2 3, 03 for the
Persian months, and for mdmidual dass 1,23, 60 Ineachcase these are
foltowed by 1ables of equations, fnve numbered tuncionseach {1, f; 15,
f5. 10 two places far cach imteger degree of the argument he canves ot
these funcions for the plana Mats ase shown shetched i bigre 2

Comparison of the latter with Neugebaner, p 202 demonstiiares that

Bivimi's planetary tubles are set up i the mannet of the Anagest, and tha

he has not extended to them the reforms to ease computation made by him

for the solar and lunar tables

Chapter 5, On the vattation in the motion of the fne planeis
Section 1. How the planets become rentograde, and the determmanon of
the stations

Section 2, On the determination of stationary pomnts, retiogiesston, and
forward moton

Lable of statonary pomnts, for each planet, for cach integar degree ot the
Algument, o minutes of are.

Chapter 6, On the distances ol the planets and then bodies

Section 1, On distances from the earth Birini explams Induan docunine,
gving parameters he asctbes to Pulisa He then gives Groek ideas on the
subject and proceeds to derve his own values, refernmy 1o the Aiib
al-manshirat, Prolemy’s “Planetary Hypotheses”

Section 2, On the apparent diameters ot the planets and the divisons of
their bodwes. In connection with the Indians, Birani reports the tollowing
numbers tor appatent duameters

Saturn - Juprter - Mars Venus Moo

Pulisa the Greek 2 ] 1 16 1

Khangakhidyaka 0;2%0 0,330 0.2 0.4 03
= Karanulaka

Ghurrat al-Zijat 5 7 { ¥ 6

A

Pages

[
170
HEY

PINR
[TuR
1200
1210
1242
1248
12h1

1204

1280

1280
1287

12%4-1 3
1301

1

(RATY



He says that in the Mustakhraj 7ij the values are different He reports the
following length (R) for the radius of the defining cude of the
trigonometnic fundtions

Pulisa 3438
Bidhama (%) 271
Khand 150
Ghurrat 4l-Zijat 2001
Al-7i) al-Mustakhia) 3o

appatent diameters given above are mean values, he savs, In order to hnd the

apparent diameter ata particular time, muluply the mean value by R and divide

the product by the distance from the earth tothe planet at the ume i question, the
mean distance bemny taken as R 1310

Chapter 7.On deprcting the form by which the motions of the planets are displaved
m (heit spheres,

Chapter 8, On the accurate portiaval of the (orhs) by which the planetsindine to
notth and south

Chapter 9, Ptolemy’s method for each variety of the lantude (motions),

Chapter 10, On the tables of planetary lanude and their use
[able of the faudes of the planets, based on the Almagest theory, but
computed for each integer degree of the arguments, 10 minutes of arc

Chapter 11, On (fnst) appearance and disappearance of the planets
Sectron 1, On the extreme elonganion of Venus and Mercury trom the sun
Section 2, On the first 1sings and settings of the planets.

Chapter 12, On conpuncnions of planets and the occultation of one by another. In

discussing the possibility of occultations Birini reports Hipparchus as
giving mean apparent diameters as follows

\etouny 02 8H7

Vanms 0,3,18.26
M ,1.96,43"
[upnar 024,120
Situin 0,117 28°

Chapter 13, Oncthe acnisanon of planets by the moon
TREATISE XT(On asttological oporanions )

Chapter 1, On the cquahzaoon ol the Gastrological) houses
Section 1, On the well-known method
(Subsection,) On the onginal method ton cqualzing the houses,
(Subsection,) On the well-known method for cqualizing the houses
Section 2, On the method T (Rivani) prefer

Chapter 2. On occanrences of the positions

Sechon I, On aspedts of the plancts and zoduacal signs
Serhion 2, The other occuttences between them
Section 3, On conjunctions of the planets, i longiade and Latitude

Chapter 3, On distance from the cardines

Chapter 1, On projecion of the 1avs
Section 1, On the operation 1elated to Plolems
Sectum 2, The method for the sagacions
Lable of projecnons of the 1avs according to the opimon ol Abital-Husavn
A-S0fi The angumentiscalled “the manber of the Littude” and runs: 0,50,
1.0 1:30, . 100 Iwo funcions are tabulated, called “the birst table” and
“the second table”, the finst decteasng monotonically from a maximun of
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607 (at sero argument) o 2959 19° the sccond aincreasing
monotonically from 120° to 120:30.0,41°

Section 3, On the method which T prefer

Lable of projeciions of the tavs accordimg to s opiion The Lot s hike
that of the precedmg table: Now, however, the fiust funcnon although i
alsostatstiomot 22041 52%m 107 of the argument The second funcnon
<tarts from zeto at zero argument and nises 10 4: 18, 11, 21

Chapter 5, On the operation of the tawir (See fawin)
Section 1. On the well known method
{Sabsechion) explamimy the computation
tSumectin) 1 rebimemaent of it
Seeton 20O the miang, Cmazp) of degrees by the ascenaons aned iy
apphe iton
Secm 4t On the method 1 prefer tor tiswins
Seeion 1, On deternnming the amounts of the tasiis
A Lable with independent varable called “dass of theven 123
65 [wa funcions ate tabulated, 1o thee places, cach function bomg
called "y avument”, the st m solar dans™ fassam shamassay, the sccond
mn “tmes” (azman, degrees ol dailv 1otation)
Sechan 3, On the Lallig of f ot strength according o posnonms Thish s
dowith some Indian docinne whereby seven vears s ssooatcd with o wh
Planet

Chapter 6, On the determmation of the arinabof aplaner at g anon placonthe
echptic

Chapter 7.0On natnaty and world vansters and then months hithe course ot the
discussion a tropical vear of 0% 11 200 T davs s miphed aven lenath
also arrabated 1o the Qandrn i Davire, b 1920 I the same passage of the
Qamiim an excessol tesolunon of 126,11 1R appears which corresponds
o a tropieal vear of 6,9, 1426,53 Smee the tstvatue canbe rostored o
this by the replacement of 4 dat (tor the mion over the Lt digit of the
number the latter s to be taken as Bran's tropreal ven

hapter ¥, On the mbihd'at of natmaties, and then rotation with ve iy e then
begimnmgs Heve agam the vear lengihiswionghy anon, nows b 5 1 20
18
v Table with agument ‘the davs of the sen” 10204 Wy Fom
hundions are tabulated i signs, degrees, mimutes, and seconds The bt s
called "vear mnha’, “the sooond, “moha of the moha “ahe thind awnha ot
the mtshd” of the mnha' *, and the towth in ke mannee

{ hapier 9, On the deteymmation of Cpresde and deterent seerens (€1 Roineds
/1)
A Table of sectors, by distance and veloony, ton the cprovde ind deterent
tor cach planet and the moot, o seconds of an
Sethons on increase (vade) moequaton magnnude, hche lotede
dedimation, and so on (CH Lranas)

Chapter 10, On ascent and descent of planets ¢Fhe subjea sty discussed
Franwts, and wr Rennedy Ziy )
Sectton 1, On wansits and then vanenes Bindani reters 1o the docinines ot
Abu Mashar, i al-Farrukhan, Mashallah, The Banu and the Tndrans
Section 2, On the thiee vanenes of elevation

Chapter 11, A menuon of conquncnons of the supenor planets Most ot the
discuswon concerns Satnn-Jupiter conpunctions, although ather com-
binations aie mentoned, potably conpunctions of Mars with Satwn i
Cancer Bitani compares the mean time between successne Satinn- [upiter
conjunctions as computed by the "Persin sijes™, the Alnagest and the
Sindhind

Chapter 12, On the thousands, and the ptnods ume
Bitini prefaces his #nal chapter with an apology tor ietabing the vague
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Pages

and uncertain matersal which tollows He mentionsihe legendany Iranian
heroes, the thousands thizarit), see the thewsands of the Pervans, thiee
having passed untl the ume of Vishiaspa of Balkh, and the Lidars 1his
contams the passage about the comening of asttonomers by Khustu
Anushnwin for the 1evmon of the 7ipi-Shih - There follows a long
explination of the doctime of Abit Ma'shar from the latter's "Book of the
Thousandy"(Cf K & W), detinmg the world tassits, intha’ s, and fardarat
(tf Remft) Fmnaliv, he wines of how the number 360 hay permeated
Inchan tore, which Teads to a discussion of how the Indians determme the

astrological valets of vanous pottions of ane L7y
Colaphoms of the vanious copres nsed for the edinon ] 182
(4 new pagination
hegins)
Index (in Aralnc) of the names of hooks mentioned i the o |
Index (n Aralne) of personal names 5

Index (in Aralnc) of places and peoples

Beginmng from the other end ol the volume s imaterial in Fuglish ntle
page, dedianion, st of MSS used i the edinon, and

General Introdnetion of eighteen pages, the last fiveof whichdesonbe fne of
the Mss used

The place of the Qansion-1-Mastiidi 1 the History Scrence, by H || Winter, in
hifteen pages, the pagmation be g anew

Al-Biviini and Hes Maguum Opus, Al-Qamun al-Mavieds by S H Barom, i
seventy-fine pages, agan pagnated anew, this e mpumerals, consising
obauseful ind iterestmg iographical sketchof Bivani and absuactol the
Qaniin
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