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Preface

This book makes available in English translation one
of the minor works of &n individual who was at once a
versatile contributor to the szcience of his own day and a
matchless ceritic and historian of the scientific lore of his
predecessors. BIrunl was able to wuse many sources which
hawe since disappeared, and hisz writings afford us part of
the means for eventuslly tracing the transmisszion of astro-
nomical theory between the Near East, India, and Iran.

The teader must not hope to find here a synthesis of
Islamic astronomy. ©Our author set himself the task of
examining the raemifications of a particular concept which
is more sstrological than astronomical. The reading of his
results is not made easier by the fact that he felt himself
copnstrained to write in terms of the best planetary theory
of his day, that of Ptolemy, whereas the techniques he
desoribes seem toe have been worked out in the context of &
more primitive body of theory. Mevertheless & study of the
text leaves us with a reazonably adequate understanding of
the main topic. But what is vastly more rewarding is the
collection of byproducts. This treatise is a weritable
mine. of nuperical paremeters, in certain cases whole sets
of related planetary constants which canm be made secure by
internal cross-checkings. There are &8 nusber of guotations
froe lost works, and all wmwanner of incidental statements
bearing usefully on 8 variety of topics.

It has been our effort to translate the entirety of
the text &8s falthfully as we could, to explain in terms of
modern symbols these sectiens which seemed to require
explanation, to point out those which remain obscure to us,
to recompute &nd verify numericasl material where possible,
and to make appropriate references to the literature, Of
the shortcomings in the result we are all too aware.

The unique extant manuscript copy of the original text
is Arabic Ms. 2468738 of the ©Driental Public Library




(Bankipore), Patna, India. Thus far, however, we have been
vnable to secure a microfilm of this manuscript, and the
translation has been prepared from the published wversion of
the text, the third of four treatises bound together under
the title Rasa'ilul"Birunl. It was printed im 1948 by the

Osmania Oriental Publicatlions Bureau, Hyderabad-Deccan,
India, a5 one of & series of important texts beimg published
by Lhe Bureau.

A preliminary tramslation was made by Mr. Saffoori
during the academic year 1956-57, under a grant from the
American University of Belrut. Large sectioms of the text
at this stage remained mninmtelligible to both of ws. During
the fall semester of 1957 I worked systematicslly through
the original, improving the translation, and discussing
partial results as they were obtained, in a seminar held at
Brown University. Professors 0. Neugebauer and A. Aaboe,
who participated im the seminar, made many fruitful sugges-
tions inmvolving all aspects of the ‘work. This phase of Lhe
Job was continued during the succeeding spring term at the
Institute for Advanced Study. Thus the substance of the
text was im large m@measure made elear, and diuring the
current academic year MNr. Ifram and I wmade @& thorough
revision of the tranmslation. The latter was done on time
made available by a graot from the National Science Founda-
tion, Washimgton, D.C. Copy for the-photo-offset reproduc-
tion was typed by Mrs. Kawthar A. Shomar. The title pages
were designed by Professor Johs Carswell, &nd the Arabic
title is in the hand of Mirza Nur-ud-Din Zeine.

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.
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TEANSLATION OF THE TEXT

BEE of reference, the translation is disp

gecording to the pages and lines of the published Arabic

ext. The nuebers in

upper lelt-hond corner of eacl
Lhe translation give the page of the text and, fol-

the colon the pumber of the particular line with

hat page begins.

only line numbers except where 1 Lns.
feaders referring back to CThe uld

note that in it each of the four

pE ated parately. In general, I 15—
lation enclese words or phrases nat in eriginal, but
added for clarification. Square brackets in the transla-

Lion enclose restorations to the text. Except for restorad
letters on the figures, &ll such restor:

tary, the Arabic both of the t

Lhe commen
tion being given.
Paragraphs In Lhe translation sre thote of the printed

Laxts
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TRANSLATION
In the name of God, the Merciful the Forgiving.

Abu gl-lteyhan; may God have mercy on him, ssid:
Transit {uanarri, in the language, is derived from
crossing (ijtiy8z) meaning either the sctual act (of
crossing)
or the place where Lhe doer (i.e. the crosser) may be.
And so it may be interpreted as (either the act of)
crossing or the
place of crossing; and to (efther of) these two
meanings the astrologers {nl—munagjimﬁn] refer when
they use it. Then
they give it a special meaning in their eraft which
they call exceptional te the laws of language.

The ether is a body having three dimensions of which

the length (al-tul) is by convention longer than the

width {(al-%ard).

But the greaticircle en the sphere {3 its longest
regular distance.

Hence 1length (or longitude) for it is the {great)
circle {(mantaga) of its motion,and width for latitude)
is what crosses (mu€tarid)

the length. And hence ;ﬂ the sphere it is what s
between its (f.e. the sphere's) great circle (of
motion) and its

two poles. And thiekness is by necessity what is
between the two ends of the ether along the diameter
ef the sphere;

one of Lhese two ends iz the lower ome, I mean the
concavity of the meon's heaven. And the other

is the upper one, which is the convexity of the circle
lor roundness) where what exists ends and where iz the
extinction of existence.

And transit (as) mentionmed in astrology deals with

each one of the three dimensions.




ON TRANSITS

Mention (eor Explanation) of Longitudimal Tramsit
(or Transit in Length)

Since the primary simple motions in the heaven are
two.western and eastern,and the transit of the planets
has [ittle <connection with the western {i.e. diurnal
mortion) of the two (motions)
hence no planet will pass &snother becaase of them.
Instead, it is5 said that & planet passes, by virtue of
Lhe iwo imotioms), over the
position of another plapet:or it mowves slong its track
tr it devistes from It
to Jits left or to dts right. And il they reach
together one of - the iwo circles, that of the horizon
or the meridian,
while they differ in deéeclination frem the celestial
equator, it 1s said, with respecl to the horizonm, that
they rise iopether
or sel logeither, and Il i% said, with respecit 1o the
meridian, that Lhey reach midheaven together. But
it their declinations are equal in eagnitude and
direction, the times of their risings
and setltings snd of reaching midheaven wouold differ in
@all positions excepl al conjunctiom, if
they are, in addition to all that we have mentioned,
11 conjunction. This conjunction enrtails their
coincideéence
by sight {j.e., occultation) and the eclipsing of Lhe
upper by the lower one, however, this is 8 condition
that hardly ever happens and is rarely
found.

And if their two times differ, (i.e., they have
equal declinations but are) im other tham this

eclipsing position, nothing can be

said regarding thee except that one of them rises &t

the rising place of the other and sets at its setting

place




TRANSLATION

and reaches midheaven &t the other's place of reaching
it.

But the degree (of the ecliptic) where the planet
meéets the meridian in
latitude iz not its degree (1.e., its longitude) if it
is. mnot at one of the two solstitial points. But it
(the former degree) is called the degree
of transit. And this name is not used for Lhe western

motion except according to what we have mentioned.

And with reference to equality of gzimuths, it is said
that the transit of & certain star Lhrough a certaln
spot occurs
if its (the spot's) distance from the celestial
equator equals its (the star's) distance, So its (the
star"s) equality (of szimuth 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 (bodies) is explained as being what the
tars and rays and 50 on are required {or fated) to
move Lto.
And the meaning of tasyIr (is) that the planets
which are made to move must be
at the @aszsumed time, (either) on one of the twao
horizon cirecles or the meridian, or on a :
circle between them which iz one of the great circles
which are horizons of places less in
latitude than the latitude of that horizon, passing
through the dntersection of this horizon and the
meridian. And if the sphere of the universe turns by
the westward motion wuntil (a planet) which is to be
moved
reaches that circle on which was the first (planet) to

be moved, then the degree
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of the tasyir is the time (measured in degrees along
the celestial equator) which passes through that
circle between the two (above-)mentioned cases (i1.e.,
the two planets)

And the name of transit does mot apply to it, evem 11
oné of the two planets passes oOver

the position of the other. And of the type of the
longitudinal transit are the correspondences and

disagreesents of (zodiacal) signs.

They are mentioned in the Introductions (al-Mudakhil,
to astrolegy) aand the Bizidhajat (the Vizhidhaks),
and especially in the Ruml (i.e., Byzantine) ones
where the meoning is ieplied by our terms, but if the
words differ (from ours) it is due to our not having

the book.

And that is that the signs correspond or differ (in

eourse) accerding to their discrepancy in time (of
daylight).

Thus some of them correspond in the are of daylight if
the numbers of equal hours in

their two days are equel, such &5 Gemini and Concer
and 85 Taurui &nd Leo. And 8ll such pairs of signs,
in general, are equally distapt from a certain
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 equated so also are
their doubles(?), and their ortive amplitudes,

and the noon @sltitude (of the sun when it is) at such
pairs of points and the two shadows al them are in one
direction, together with.all that results from

the coincidence of the two small circles (madir). And
the signs and degrees according to this meanling are
paired. And each

one of every pair in the descending half (of the
zodiae) whieh is from the beginning of Cancer
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to the end of Sagittarius is commanding, &nd the one
in the other, the sscending half (is called) obedient,
and that is
by reference to the westward motion. Because if they
rotate by it through one tramsit
the one in advance would be the leader, and the other
would be led. However, as to their two situstions
caused by the (variation in) inclination, siraighten-
ing up
of their risings, and the incresse in their oblique
ssecendings over their right ascensions,
and the obedience of the obedient (being) due L0
deformation of thelr risings and the decrease of their
gscensions, that has been said (by others).

And the suthor of the Bizidhaj called this type of
signs corresponding in
strength (equipellent), as Iif he meant by strength
the westward motion., And he said in another place
that the planet which is in Aries looks at that which
iz in Cancer,
and 56 it is its leader by the motion of the whole.
And the one in Cancer accepts its radiation (i.e.,
that of the one In Aries) and follows it.
And he assigned the higher position to Lhe wesLern
motion with the two small circles in m@mgreement, and
contented himself with aspect (n&zar).

And some signs agree in astrésiuns if these are
equal for the locality, (i.e., in eobligue ascension)
such @s Aries and Pisces. And for each pair of signs
equally distant from one end the same equinox
the times of their risings and the risings of all

pairs of degrees fulfilling this condition,

gre equal.
And Ptolemy cslls the northern one elevated and

the southern one, depressed. And it may be

&
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that some of them (meaning the astrologers) call the
HE ted one commandent and the depressed one chedient
And ns are equal in ascenslions,
5 they are also equal in declination, and ortive
amplitudes, but in two different directions,
nd their day (are) also equal, and all that resulls
fros he equslity of the two small circles.
AT he @uthor al-Bizidh has called this typa Lhe
nes that sgree in ascensions. And he then
mentioned snother type not like the other one and
ther the ones corresponding im course. And it
thet each pair of
1B L % (has Gne i'li_'unfl. between them, such =
ries and Scorpio to Mars, Taurus and Libre
And wher Abu MaCshar transferred to the Great
Introduction the el (of #strology) from
gl=-Bizidhe], he mentioned thet the Persians called Lhe
Lwy which iz equipollent | . corresponding
i stremgth) potent, and the type which is correspond-
in in ascension he called corresponding in
urse, and he left the third type s i1 1%
And then AbU Muhsemad al-Saifl hes mentioned it
ind CF ed the firet type equipollent,

jed -'I.I!.:

he called it also correspondipg in course. And he

Ma®shar

udg {adversely) for calling

Lt gecond type the ones corresponding im course, and
h gribed it to ignorance of the heavens{or circles,
or spheres, manatigl. And in spite of his (Abu
Ma®zhar's) i

telling the truth, he (AbU Muhamead) still degrades
Abu MaSshar, and he does not give him his due esteem.
For after all

AbY MaSshar dees not deserve all this attribution of
ignorance, even though he has erred in nomenclature
here end followed partially the asuthor of al-Bizidhaj.
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Bl Apd had I been in Abu MaSshar's place. ] would
have called the first type corresponding im
2 course as al-Saifl has done, because of the ecolnei-
dence of two transits of the azimuth(s) by the western
mation (as)
3 between each psir (of signs}, and we treat them
sccording to one method. And then I would have e¢alled
Lhe second corresponding
i in times, or potént, because of the coincidence of the
two rising places. And I would have called the third
equipollent,
5 because power 15 more switable for impressing and is
better for gstrology.
i But as for the eastern motion, the distance ta the

ecliptic, the sun

T and those of the [ixed stars that have no latitude,
sLay in it and do not leave it. And the fixed stars

8 which have latitudes (move) parallel to it (the
ecliptic) by ft (the motion of precessionl. And the
slx. moving ones {i.e., the planets) pass thr ugh it
someélimes, and inclime

) from it the rest of the time towards the south L he

north. And because this essstern motion

0 is characterized by itude, passing ir transiting)

through it (the longitude) is according to one of tuw

: First, passing by

faster (one overtaking) the slower, either both i

) direction or in two directions by irtue

sir difference
12 i relrogredation and forward motion.
13 And it was not the custom of the people

this & trs

S1t, But they express it as

| coRjunction ar combust. And the second (way) Is the

arriv of & plenet &t a (certain) Lime at 4 place
15 where another planet had been at a certain past time,
and 50 It is celled tramsit
‘8 Or passing 1ts (the planet's) position. And this is
used in the 1 of Lhe (cosmic) yvears. And [k

1& BNOwn

e |
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that there is no need for the longitudinal type of
transit except advancement and delay only.

And here is amother semnse 1R which the astrologers
yse the name tramsit im which
(howaver) the sense of longitude is more legitimate.

and that s 1if Ssturn and Jupiter ¢omplete, in one

of the four triplicities, twelve conjunctions by their
mean motions, they shift

to the triplicity which is mext to that; they will
gonjein in it twelve Limes alzo, And so they called

shift of the trensit (intigsl al-mamsrr),

and the bepinning of the year in which (the shift)
akes place, (they eslled) the transfer (tahwil) of

the transit.

The Property of Elevation

gnd sssocisted with that transit is the properi}
of elevation., It is used ip longitude ln
two ways, one is restricted and the other is absolute.
The restricted one (is) a consequence of the westward
motion
characterizing the horizon of an assumed abode g B
geographical positien), and it is that the planet by
it should be
in the tenth or the eleventh house, and it will rise
because of its high position, there, OVET
gll planets which are pot in one of these two places
at that time
and at that horizen, because elevationm according to
this restrietion will be givem to what is at the
zenith,
and then lafterwsrds) to what is at the meridian,which
is the extreme of the (body's) moving
by the westward eotion, and the exireme elevation for
a (ecertain) abode {(i.e., locality). And the eleventh
is preferred for its prosperity (lit. coming forward)

La

Lhe
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ninth for 1its =dversity (lit. going away) and itrs
declining, but if they become equally distant froe
the meridian (sic, the =zentence is incompletre.)
And as to the absolute one, (it Is) also &8 congse-
quence of the western motion not characterizing any

particular horizon, And this is why it is dimogined

be a congsequence of the eastward (motion). And it Is
that

the planet be in the tenth sign of another planet’s
sign, because the tenth (house)

iz the most exalted center (or cardine) and the

place of sovereignty and capture of everything else.

So, on whichever horizon
thiz planet may be, by necessity it must conlinue in

it, the first planet

will be in its midheaven eleveated above it (i.e. the
cther plenet).

And the specialists mix this absolute type with the
restricted onc.
And they express their two situations by motion of the
strong one din the figure of the assumed horizon, and
they use it
gccording to them becawse the seventh, though it is
the tenth of the tenth, is then lower tham it
and less tham it in exaltation.

And thus, mention of (all}) the possible types of
transits that are related to longitude has been made.
Following is the latitudinal type of Lhem, and
eélevation goes along with it, Bz well as with

thickness, from neither of which can it be separated.

Mention of Latitudinal Transzit

And so we say regsrding latitudimal transit,firstiy,
that the belief of the people concerning the northern

region is
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that it is the only known (regiom),.although investiga-
tion has not shown it to be especially thus character-

ized positively,

except in a section where there are settled
habitations. Az to the surface of the sphere of the
universe, it is, for all of it,

an elevation from all directions, and the sky is @
ceiling rsised over the earth. And there is a point
in it (the sky)

sssumed directly overhead for the inhabitsnts, to whom
it also ha: the highest

elevation, while in addition the remainder of the
sphere is (relatively) lower tham it. But the northern
region is characterized

by human presence, and the zeniths of the inhabited
perts are im it. And the sun and the planets

sscend to it and descend from it, and hence they made
it elevation by position, and made Lhe

planets with northern latitude above those with no

L]

latitude or with southern (latitude
and the omes with more latitude to the north (abowve)

those with less letitude idim dit, and those with no

latitude sbove the onez with southern latitude, and
the one with less latitude

to the south above the one with more latitude in it.
And because the term elevatlon (al-isti®1%") has the
apparent connotation of sovereigmty with nmo other of
the characteristics of elevation they used the name

transit in

Istitude, snd they said of the elevated omne that it 1s

the one passing over the depressed one, meaning
by this difference & connection with the morth pole
and by the one below, distance from it.

And the Hindus have an opinion regardinmg elevationm

though they did not mention transit im it. And that is

10
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that their bases for it are in agreemenlt with what we
related, except inm (the case of) Venus. It is in the
south,
according to thee, stronger tham the north. And henmce
its elevation is contrary to all other
planets, I mean, that in the south it is above one
with less latitude in the south
and one without latitude and one with northern
latitude; and in the morth, (it is) abowve
ene with more latitude. And so long as the (distance)
which is between the two planets
at conjunction is more tham onme cubit, and that is one
degree, they call 1t, in thelr language,
equality. And if it is not more than one cubit, rthey
call it fighting (gitdl) and warfare, and victory in
it,
with Teszpect o position (is asttributed to}) Lhe
elevated one, and with respect to power, L(is to) Lhe
one that has many testimonies =nd good fortune
gccording to their belief, but this is mot tLhe place
Lo mention it.

But what is necessitated by the eclipsing measure-
eenl in which a3 planet passes oOvVer
another by the eguality of their latitude im one
direction,(is) the nearest of the latitudinal transils.
Then that strength decreases according to the distance
between thee, and thea
the {(above-)mentioned elevation occurs (while) one

transit is abowve the other.

But in opposition the strongest case in ‘it (is)
the equality of the two latitudes with
difference of the two directions, but it is far from
the problem of the Ltransit. And the nearest case in
an opposition in the ease of the transit dis the
Equaiity of the two latitudes of the opposing (planets)

in one direction,

11
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and that is by considering the eastward (i.e., proper)
gotion for both of them.

But if the westward (i.e., diurnal) motion 1is
considered, it becomes necessity to substitute their
declinations
for their latitudes. And if they become equal in one
direction, their (daily) paths would be united,
and the transit of the planet would be at the position
of the other; and if they differ by a (certainm)
magnitude,
the transit would be above ils position or below it
due to the difference of the 1wo small circles (of
declinationl.

And it is to tﬁis that the Hindusz refer two Limes,
which they believe are the extremeties ‘
of bad luck. And their computation for ir is
mentioned in all of their zljes.

And they are: (first) the times when the Lwo
lugpinaries are on one small circle (of declination)
when the sum of the distances

of their true longitudes from the beginning of Aries
(i) 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 twelwve

whole signs. And this (is sp} if the moon has =zerd
jatitude. But if it has

a (non-zero) latitude (it will be)} when it is on the
small circle (of declination) of the sun or the (one)
equal to it by observation, (i.e., parallax included)
nol by computation.

And Muhammad ibn €ibdullah ibn “Omar al-Bazyar has

gaid, in the beginning of the sixth treatise
of the Book of Con unctions that every heavenly body
is higher tham the one following it in ramk. And it is

shown by the passing of one
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over the other that if one of them iz covered by Lhe
other, then their longitudes,
latitudes, ascents i‘liiij~ and descents EEEEEL] in
one direction are eq;al at the equinox, that ‘
would be & cause for the eclipsing of the lower (one
by) the upper (one), &nd that would be an indication
of lower (i.e. earthly) incidents. And it is apparent
that his words stand for latitudinal tranmsits.
(and this) cannot be interpreted otherwise. And im it
mention of equality in longitude and latitude replaces
mention of ascent and descent. And the equality of
the magnitude of the two latitudes when the
two longitudes are equal, necessitates an eclipse of
the planets exactly,
(though) perceived by his eye with a parallatie
difference.

And then he took up the transit in thickness as anm
example, but with no success(?).
Aod after this example he said that the strongest
indications of the high bodies (i.e. planets) at the
passing of some of them
OVET others appear &t conjunction, whereas inm
oppositions and quadratures
and the other azspects their indications will be less
epparent.

And if be meant by it the transit in thickness,k he

also points his eye towards the
latitudinal transit, =snd this iz the one to be
considered. And verily he said, is it not that if twe
planets ascend in one direction
and their parts (longitudes) are equal, the one that
rises first has the power, and that will not be
except by its reaching the (afore-)mentioned elevation
first, I mean that its latitude will fincrease toward
the north
and decrease toward the south,

13
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pefersnce to the Order of the Planetary Spheres

and there remains of the division its third part,

and it dis the chjeetive of what we (now)

discuss, T mean the trapnsit 1in thickness. And to this

the astrologers refer

in the conjunctlions of Saturn and Jupiter, and Lhey

call it @ transit as a convention & ng themselves.
and had it net been for thig it was known that the

themselves that

of the

people” of this craft are agreed among

is the sphere moop &nd

the nearest sphere Lo us

spheres of the planetls

the farthest of the

said,

from us is the sphere of Saturn. ARG if tLhey
regarding the transit of the moon, that it is above
satarn, 1t was agenving

Lheir 1 one planét, the exireme distance
from the sarth is sixty-four

times dits (the radius, passes oOver another,
the nearest distanee of which from the garth iz
fourteen thousand eight hundred and eighty-one vimes
118 But it is an expression

leading to this meaning, which is well-known

them by sgreeing on it DY copventlion,

githough the order of the planets is not necessarlly
LAUS .

And T do not mean by that the confusion arising
from one who i not in
the profession and {is not) of its peopla, such as the

sectarian talk asmong the Hindus regarding the moon (10

the effect that) it is

sbove the sun, and like the laity &mong the other
{people), who sscribe motiom Lo LAOE planets

in eomparison to the stillness of the sky above them.

And such opinifons are those of the uneducated,

and have no relevance (az is the case) 1p any cralt

between who clothes himself (in the profession)

one

divests himself of itL. (Just) @as

wha

one
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there is no (useful) outcome from a talk between two
Persons. one of whom speaks & language not understood
by the ather, thus slso

the opinions of those on the inside and those outside
are at the extremes of contradictian, But what [ mean
Lare)

disputes which occur among the people of the profez-
sion, who are Industriously engaged in Investigating
it

which (disputes) do not prevent them dinquiring i d

expounding beécause of pride. And Lhese had réalized

the elevation of the SUn above the moon,and they

the moon from it (the supt, and (they determined

magnitudes of their distances from

the earth, and escertained their Farthest distance,
e -'.:'-s'.'a.l:l‘.-:_ and AeEarest distance from Lhe earth.
And Lhay dscertained the ratios of the pearagt
distances of the planets to their farthest distances
anly, without the absolute distances,

And some of the Persians placed the moan and
Saturn at the two én of the ether
because the days of phe tycle of I Lhem are near
Lo the vears of the c¥cle of the ot And theéen they
placed the sun
and Jupiter &8 the next \planets) from the two ends,
béciuse of the equality
of the months of the cycle of this toe the years o f

But I3 Laken from the times
did aoel turmn out to be 50 after that.

And so they placed the sum -at the center of the
nlaced Mercury and Mars
of '|r.-_-|‘u'r:.' dbove the sun

Mars beneath Jupitayp,
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And they ascribed this opinion to that part of the

Avesta, the religious book of the Magians,
which was tramsferred to the Byzantines (or Greeks) by

Alexander.

And the Persians?) made the

some of them (l1.€.,

gun & center for the epicycles

and they made the three superior

of Yenus and Mercury,
ones sbove that, sccording to their order.

But the Greeks were 50 suspicious that
Plato doubted whether Venus 1§ below the sum oOr
abhove, as was told by Yashy®g the Gremmarian (John

Philoponus) in his refutation of Proclus.

Thereupon
regarding their (the planet's) motions,

the sagaciocus of them have accepted,

the putting of all the planeéls Proper (i.2., without

moon znd sun) sbove the sun;

they were left with (& space) belween the spheres of

the twoe luminaries, devoid of & planet. The space 1

was occupied by
the two separated planets (Mercury¥ and Venus) rotating

around the sun at a fixed distance.

Its (the space's) thickness 1is not less than Lhe
thickness of the two spheres saccording 1o their
pinimum

end maximum distances. And in it (the space) nothing
impossible or prohibited oeccurs, such as intermingling,

colligion, or hindrance.

And g0 they considered the sum as being in the middle

with three of them which are lower than it and three

above it,
according to the solar arrangement.
the

opinion and preferred it (to the others?)

And learned among them found this & good

gnd 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 plenets as fixed by what is required by

the lords of the hours
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which are taken in this order going from the highest
of the planats to
the lowesl.

And since this is the most widespread oninion and
one relied wpon by all,
g0 the-people's ‘expression im (saying) transit above
or below, this 15 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 transit), the
distances of the planet and its variation im its
sphere, and what follows
from that with regard to ascent and descent and their
consequences, 50 that it will be easy to get

what comes after itr.

And we say that each one of the planets is
characterized with
respect to the eccentrie heaven, whetheér it be the
deferent or the
epicycle, by distances from the earth which wvary
between a greatest and a ssallest, its two extremes
(of distance),
and & mean which is necessarily fixed between them.
Hence, the fixed distances of the planet
from the earth are Lhree: the nearest, the mean, and
the farthest. And the mean if mot (mt)
one (pesition) for weither of them (i.e., the defereat
or 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 laft. But

@ention of one of them is left out

17T
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in epumerating them due 1O their equality and the
agreement of the situations in them. And therefore
gach one of Lhe two heavens;

the deferent and the epicycle 1s divided by Lhe
(above-)mentioned distances into four pieces which in
fact are

the sectors f{(al-pitagqat). The LWO (sectors) of them
which are elevated H;P caglled sscending, and the 1Lwo
below, (are called) descending, and that is C(reckoned)
by addition to the mwmean distance to the planel.
In one of Lhe two gscending (sectors) it (the planet)
is coming down, and in one of the Lwo descending ones,
(it is) ascending.

and the Persian astrologers call whal relates Lo
the deferent (lit. the heaven of the apegeel, jawwl
and they say that the planet igs ascending in the lawh?
or desgending in it. And they call
what relates in this matter to the epicycle a chord,
and so they say that it s sscending in 1Lhe chord
or descending in it.

But as for the chord, In dits Jless used sense, it
i the Eense by which the ziIj (i.e., a set of astro-
nomical tables)
is called a zij due to the discussion of chords In it.
But the heaven of the spegee 1s not distinguished

from them (chords) in it (the 215}~

As for its primsry semse, it is the opinion of
the @nciemts regarding the halters (or bonds) of the
planets
with the sum and their retrogradation from the tension
of the cord tightened by it, and its forward motion
by dts slackeming. And since that was, sccording to
those of them who *dinvestigated Telrogradation and
forward motion,
the epicycle, they referred jtg cases to the cause
(which is) well-kpown emong the masses af them, namely

agong the majority of them, which is

18
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the binding cord (=chord). And there is no difficulty
with nomenclature and titles, as long as they do not
corrupt the meaning,

And the way to tLhe more fitting and proper (of tLhe
names) for it (iLhe meaning] 15 straightforward,
unhindered.

However, as for the name jawwl for the deferent, 1
cannel find an explanation for it, since Lhey
call right ascensions juyl rist, and one understands
by this name (i.e.,. iahu?n either one
of the Lwo meanings, but its place is dn it (7 i.e.
the meaning is fixed by the context?).

Bul (the word) kurs (sphere) has been arabized
(from another language) and im Persian it is kui. And
one wunderstands by attributing to it (i.e. Juyi rast)
also rightaess (or straightness), one of Lo things
either traightness of the tableszs, which is Lhe
farthest of the two lmeéanings from actuality), because
the tables of obligue ascensions, yea all tables, (are)
stralght in plaaning. By
this, the thought that jaww] is the table is weakened.
But if one has tro explain Lhe meaning of the “straighL”
table, then its
Straightness is the consecutiveness of what is in dt
due Lo the weakness of the day of each locality in
the same wsy.

As to what is meant by calling the terrestrial
equator the right sphere,

Lit 15) due vo the lack of small circles in it. And
It is (also) possible to call it a river due to the
sailing of the planets

in it like the sailing of Ships. And the most probable
of (the meanings) we enumerated is that juyi rast is
the right sphere,

in which case the deferent has nothing to do with that
{i.e..the word jawwI),sinee it (the deferent) does not
resemble
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the epicycle as Lo sphericity excepl by fits surround-
ing the earth. Se it is supposed Lhat jawwi
and watar (chord) are Lwo resiricted (i.e. techmicall
titles by which Lwo things are referred L0 Where what
is meant by them 15 KnOWD.

And let us mention Lhe names of the three distancés
in each one of the Ltwo circles,
according to the people of the profession. As for the
farthest distance in the deferent it is called, in the
Greek language,
a[rhhkh:uai {sic), and in the Hindo, Buj @nd 1L 15 by
this that it jt known and used. And 115 E£INING in
Ltheir language
(iz) loftiness and height so thal they called the mosti
exalted planet like thot
aufast. And their scientists call the farthest
distance mandu with the addition of the meaning of
looking
at it, because they call the epicycle ;li::'T' the
fasL (onel.

And what do that is that attainment of

(s evyele of) Lhe equation fua Lo
the deferent will be in a8 slower Lime than attainment
of the one due to the epicycle.

ind that s common to <the five planets (proper),
becsuse they do Aot see in Lhe motions of
the moon anything thal requires an  eplcycle for It
And that may be because
revolution in the eplicycle,1ln CE5ES other than that of
Venpus, (is) faster thanp revolution
in the deferent.

and Hamza ibm al-Hasan al-Isfahanil claimed in

the ™Book ‘of Contrasts” (Kitab al-muwazini that
Al

apogee

is the arabized form of auk which means, in Pahlavi

Persian, elevation and loftiness. As to the nearest

distance
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in the deferent it is called in the CGreek language
afranjiyun, but I did not hear from the Hindus a
special name for it.

And linguistic analogy gives it as bahal3(%), because
it iz sinking low amd degradation,

And as Lo its name (here & gap in the ms.) the exal-
tation of the planet nTh(?) because they call its
descent .

nijast(?), but Hemza did not mention it. And the folk
of the Arabic I;nguage (meaning those having Arabic as
their native tongue) call it, when they need to
mention it, sometimes the counter{point) to the apogee
and sometimes the opposite (point to) the apogee, and
sometimes,

hadid (the common word for perigee, lit., the lowest
éaie&ory}.

But as to the mean distance, it does nol have
special name, so far as we know. And lel us (now) go
back
to the epicycle. The farthest distance in it is called
in Arabic al-dhirwa (the epicyclic apogee), and in tLhe
Greek language
(it is) as what waz aforementioned for the deferent,
referred to the figilus, it being the epicycle. And
the
nearest distsnce in Arabiec is the counter{point) of
the dhirwa or the perigee of the epicycle, and in
Greek, analogously

to the previous, afranjiyun figilus. The mesn distance

ig (used) as it is with

(the word) epieycle adjoined. But as to the apogee
and the perigee in the eccentric circle,

they do not differ wisibly, because the line passing
through its (the deferent’s) center and that of the

universze




is one straight (line). However <the mean distance

and let us drew for that a picture Lhal will ma

it (easy Lol sSeénse. o let ABJ (in Figure 1)

the parecliptie with center H which (is) im I
Lhe EnLET
o the universt And ourx position iz on it
ppproximatel because there is no sensible difference

And ler HD e} the guantity between It and

Ptolemy howed in the third trestise of

Almagest that

WEET the LwWo of them and no apparent magnitude.

Lhe

the

the difference present for the course of the plametl

due- to this heaven will be the same

whether it is smaller than the parecliptic eor bigger
g9

than it or equal to ft. And the smaller is

AHS, @snd whether it -is tangent 10 the parecliptic a

ike

L A

or it differs from it, the place of their gonjunction

{ig) the apogee, 1 mean point A, and the perigee,

point 5. And their positions in
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the ecliptic are what Jain them (the positions) to
the (line of ) centers, which coincides with Lthe
diameter ADHJ.
And then we bisect DH at S and drop upon it chord HSZ
perpendicul ar :
Lo diameter AHJ, asnd the two paints Z (and) H will he
for the two mean distances. }
And because if we join DH (and) HH the two sides DS
(and) 5H will be equal to rae two siéfﬁ HS and SH, and
the Lwn-uili.‘ieﬁ DSH (and) HSH '
lare) right angles, so the two bases DH (and) HH are
equal. And hence HH is ' ;
equal toe the radius of circle AHS and the farthest
distance, which is Ha,
exceeds the radius of that circle by the eccentricity,
I mean HD. And the nearest distance,
which is HS, is less than half it (half of AS) by tLhe
wucuntricj;ﬁ_ and the mean distance i
15 the one equal to it (i.e. DA), and that is half the
sum of the two adjacent distances,
But the (asngular) distance of poiant H, which yields
the mean distance, from the upng#r. s found at
the center of the eccentric orbit to be angle ADH, but
@t the center of the universe s
angle AHH; and angle ADRH, which iz for the middlie
{dis1anc;¥ of the 1ra;e!_ excesds angle AHH,
which is for the true position and the way it is suu&,
by angle DHH, which ig for the equation. And likewise
is ’
the situation gt point Z, which is for the other,
right{=hand) mesn distance.

Thus it is deétermined that the attaining of the
Eean distance, \starting) from the apogee, by the mean
motion
(is) more than ® quadrant, amd by the unegual moetion
(is) less thanm a quadecant,
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And we extend HH to B on the parecliptic.
And B will be the Llace of intersection of the two
cireles (namely), the spogee (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 & segment of this eccentric orbit, and let
us produce
BT psrallel to HD, and T will be the center of tLhe
aLngee circle {éi a new deferent),
because the ratio of DA to DH is as the ratio of HT to
TB, due to the similarity . '
ﬁf the isosceles triangles DHH and TBH. And B is st
the mean distance. ; -
And let ®LJ be (half snother) assumed deferent, greater
than
the parecliptic, either tamgent to the parecliptic at
J or differing from it (completely). And we produce
HHE
Ié L and extend LM parallel to BT,
and M will be the center of L3 similarly to what
preceded. And becsuse DH is equal
to the sine of the maxismum equation, hénce the deter-
mination {(of the distance) between (the center of)} the
gpogee (heaven) and (the projection on the apsidal
line of the position at) mean distance
will be to halve the sine of the maximum equation, and
that is DS, and its
are (sime) s then taken and added to ome quadrant’ of
the eircle, which is the arc (sine of) AD, and the sum
will be mrc AH,
which 1is whal‘wns required. And if it is subtracted
from the circumference, there remains arc AHSZ,
{which is) the {(angular) distance of the .;lher mean
distance {position) from the =pogee, and from it (the
apogee) is measured the unmodified argument (or

arnomaly)
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for the sun, and (also) for the moon according to Lhe
beliel of Lhe Hindus, and Hipparchus, and Lhe (other)
ancient

Greeks. And in the {(case of) planets Lhe uwnmodified
(i.e. mean) longitude, called Lthe center, is measured

from it.

And KushyEr ibn Labban followed the same procedure
in his Jama® 27j, in
the ecase of the secLors, and he considered Lhem
dccording to mean distsnee. PBut he sdded, for the
first sector,
Lo the guadrant, one half the grealest equation. And
this ‘ncrease 1s greater than that (proper) magnitude
a §
is evident froe the difference of the 5ines and the
meation of their degrees, Bul the halving (should
properiy) occur with the sine
of the raximum equation. It 1% a5 though he hag
followed Abu MaSshar, who did Lhe same in
Lthe thirty-eighth chapter of his zTj. and he confirmed

It afterwards.

Mention of the Distunces of rhe Meen Planets

in the Heavens of their Apogees

And it is apparent that the crux (? madir) of Chyt

depends on the guantity of the maximum equaltion, and

{tthese) differ

fn the zTjes for (various) reasons, the most importuant
dmong which are the differencelsz) due to instruments

and operations, yelL this i mot the proper place o1

talking about that. Uther differences are due Lo some
other ressons, some of which will become apparent
when we (now) talk sbout the iwo Iuminaries.

20 we 58y that Prolemy mentioned in the Almusgest

Lhat he found it
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{to be) two parts and Lwenly three minutes. He was
followed in this by Theon of Alexandria

in the Canom;and inasmuch &s hiz (Ptolemy®s) procedure,
in Lhe observations from which he ascertains Lhe
sccentricity,

js not reliable, Lhe (above-jmentioned computation is
UNSUTE.

But as 10 the maximum eguation of Lthe moon, he
foupnd it to be [ive parts. A
the maximum equation of the sun was found, in the reign
of al-Ma¥mun, by Yahya ibn Abl Mansur, Lo be
one part sond forily ;Ht#n minutes, and Lhis observation
is not reliable, according to whatl 13 said of it din
Lhe Teports. khElid iba SAbd al-Malik sl-Marwaruzl
found it, under the gsupervision of Sanad ibn
€417, to be less thapn Lwo parts b¥ six seconds. Habash
has put it in his zij according
to ithe observation of the Banl Mus3 ibn Shakir, as less
than twp paris by one minute, it was found
by Muhammad ibn Jabir al-Battanl (to be) less than 1lwo
paTLﬁ-bj fifty seconds, =nd we found 11
Lo be near to this quantity. ABd through h1s own
sheervetion Aba @l-Wafa' al-Buzjani found it to be one
part
gnd fifty-nine minutes, once, diminished by two seconds
and another time fifteen seconds, and once
jpecreased by seven Seconas, and another tlime 1wo
soconds and Lwenty Lhirds.

And that, due LD variations in observation and
computation, Abi Hamid al-Saghani has found (Lo be)
gore than two parts by ome third of @ minute by using

sines, and when he ealculated it using chords

and observation, he found it as exceeding two parts by
six minutes and six seconds. And it was putl by
AbT al-QEsim ibm al-AFlam al-%Alawl in his zlj called

al-fAdud] as grealer tham Lwo parts

26
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by one sixth of a minute, and be was, as he told me,
planning to make instruments,
and conducting observations. It was found by Abu Da’ud
Sulaymdn ibn “Ismat al-Ssmsrqandi to be
one part and f;ij—fivE minutes and two seconds, but
he had used in deriving it
Yahya and Ptolemy's method of observing the times of
lh; solstices, and that is theoretical ly correct
put dnvalid im practice. AbE Muhammad al-Nasafi(?)
put it im his @=l-Mukhtasar (summarized) Z1) =s greater
than what '
Ptolemy had by four minutes. He pretended(?) that he
had made observstions while, in fact, he 15 a plagia-
rising liar and an impostor to
the craft (of astronomy).

The moderns have mnet, te all sppearances, made
shservations on Lhe moon by way of checking,
since none have appeared either differing or in
agreement, and Lhey all follow in its single equation
(i.e. the one independent of the sun)
gither Ptolemy in that it is five parts and one minute
or Theon in dropping out the minute.
And 1 have not seen on this subjeetr anything other
than what is in Ibn al-A®lem's zIj where his equation
is less than five parts by seven minutes. But sirangest
of all is the case of Muhamead ibn
Ishag al-Sarakhsi, who Enilnis Ptolemy with regard to
th; magnitude of this equation although he
is one of those who follew the Sindhind.

I have read in the commentaries of al-Jeihanl
that the equation
of the sun in the Ma’einic (zij), which is ome part
and forty-seven minutes, if ome half of its seventh is
added to it
it will be equivalent to what was found by Sulayman,
and if one seventh of it is edded to it, it will

become what was found

27
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in Damascus, and if its two minths are added it will be

equal to what is im the Sindhind ZIj, while if

its fourth iz sdded to it, It will become equal to what

is in al-Khwarizmi's zI1j, and if its third is added to

it

it will become equal to what is in the Almagest, and

this will be g0 after rounding off the seconds to

minutes by taking

g one minute the number of seconds that is greater

than half & aminute. The (above-)mentioned people

practised observations,

and the differences among Gthem (are with) regard to

the (sctual) positioms. And as for Lhose who do mnot

refer (to anything) but

what is good, as (do) the Hindus in describing the

situation with regard to themselves, (let thea make)

some wverificatiomn of the section (here) discussed.
We say that they originated the maximum equation

of the sun which is

Lwo parts and fourteen minutes,and the maximum equation

of the moon which iz four

parts and fifty [Fsix] minutes, and they (the equations)

are thus in the Shah 2Tj, since it has passed from

India to the Persians, and this is why they were put

thus in Abu Ma®shar"s zij since

he depended on the Persians. But most of their zljes

are based on approximations, and in them they

ohtain some magnitudes from other magnitudes, and they

resort for thati te

the total sine. It resembles getting the latitude of

the moon from the sine by multiplyiong the sine of its

distance

from the node by nime and dividing the product by five,

since this is the ratio of

the eaximum latitude of the moon to the sine of the

maximum distance, it being the total sime if

2t



24:

Lo

19

P

TRANSLATION

it (B) were two and one half parts, and the maximue
latitude of the moon four and one half parts.

As to the amount gscribed to the Sindhind, with
the addition of Yas®a al-Ma'miunT 1o it,
it is two parts &nd eleven minutes. And it is this
that al-Fazarl made use of
in subtracting from the sine of the argument of the sun
[an eighth] of it, and in doubling the sine of the
argument of the moon

to obtain Ltheir equations. And thus the maximue
equation of the sun comes oput equal Lo two paris
and eleven minutes and one fourth of & minute, and Lhat
for the moon equal to five parts, and that (iz) us
though

the total sine were one hundred and fifty minutes. Bui
had he used in

the case of the sun Lthe method of subtracting Lhe
ninth instead of the eighth he would have been nesrer
Lo the opinion of the people, uand

otheéers would have done Lhat.

It i5 found in some of the eopies of the sShah 27
that the pumber of the minutes dn the ‘equation of rLhe
sun
is thirteen, and thus talso), in the equation of the
moon, if from twice the zine
& seventy-fifth of it 1is subtracted that would have
been mearer to that quantity.

And there was mentioned in some ef the boaks a
story about al-Fazarl regarding the equation
of the sun, where ha multiplies the sine of ivs
argument in the kardajdt of the Sindhind by a hundred
and five and divides the quantity by 2616, and that
(sine of the argument) in the karda at
of Aryabhets by séven and divides the result by l8o.
And in the ;asu 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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by a hundred and seven, and that (sine of Lhe argument)
in the kardajat of Aryabhata by ten, and divides Lhe
product by 1
one hundred and seventeen, and the Lreatment of the
total sine along these lines is as preceded, after
¢ fs known that these kardajat for a quadrant of 3
circle are twenty-four, and each
one of them is three parts and one half and one
quarter.

And the total sine [for Aryabhata is three
thousand four hundred and thirty-eight
minutes, and with this the maximum eguation of the
sun will come out as Lwo parts, thirtean
minutes, and forty-two ggconds, and by rounding off the

seconds we end with what is required.

And the maximum equation of the moon will come oul as

four parts, [ifty-six minutes,

and twent¥y—three seconds. If (the seconds) are

deleted the remainder will be what is requireds
pnd it is to this that the author of the Hargan

21j refers, which is written in poelry after

the Hindu way of writing science in gloka verses. 50,

when he used the sine of

Aryabhata, he sald, regarding the equationis) of the

Lwo 1uw}ﬂhrlﬂﬁ:

“pnd if you come upon something, add it to Che sine

"yot in it, and then froe the sine you wanted,

mrthen multiply it by 7 ([gla’), and Lake pleasure in

working skilfully,

"Then £il it {i.a., divide by LB0) te obtain the

resullt.

wIt 4§s accurate rilsat if you computed (correctlyl.
"and then you drop every sixty, as you used to do,
“And thus does the learned man not(?) on each ogcasiaon

"Except that the 18O |iiiJ fs for the sun, @nd with
116 (wigq) for the moon.
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26:15 "And for each, God has giver & measured share,®

2T

16 This is & section (which) sets forth in its first
(part) the determination of the sine of the Argument ,
and it preséribes multiplying it by

IT seven, it is the [E]E’- 8nd dividing the number result-
ing by one hundred and eighty, which is the fag, and
there come out

18 minutes, which are the rIsat. Elevate them into
degrees, and they are the ratios mot yet rounded off
(text garbled).

19 The part of division in the (case of the) moon i: one
bundred and sixteen, it being [»1g).

| A5 to the kardajat of the Sindhind, which (latter)

iz the Brahmasiddhanta, its

2 Buthor, Brahmagupts, has put the total sine in it as
three thousand two hundred

3 ind seventy minutes, from which the equation of the
sun will come out, according to the (above-)mentioned
operation, as two parts,

4 ten minutes, and twenty-nine seconds, and the equation
of the moon, five parts. 5o, verily

5 the cause of the difference(s) in the maximum equation
among the Hindus has become evident; It is due to

b the total sine and the variation in what was taken for
it, ignoring observation.

But that becomes clearer by enumerating what is
in their zTjes aboutr it.
8  We say that (Nabhild the Brahman put dim his =z21J the
kardajat of I:rahhafa and prescribed for
) the equation of the sun what wags related previously
in (our) account.
10 As to the equation of the moon, he prescribed
multiplying the sine of its argument by thirty-one
11 and dividing the result by three hundred and gixty,
And by that his maximum equation will come out
= 8% four parts, fifty-six minutes, and three seconds.

31
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As 1o the Karangsara, meaning "Breaker of the
jes™, 1ts author
Vittesvara, prescribed in the case of the sun multiply-
ing by ten and dividing by twenty-three,
and in the case of Lhe moon, taking the sine as it is,
without multipliecation or diviszion.
And the total sine in these kardajat is5 three hundred
minutes, So it is apparent that the maximum equation

the sun will eome out by thiz as two parts, ten
minutes, &nd twenty-gix seconds.

And the maximum equation of the moon is five parts in
Lhe Karanatilakes meaning, "The Choice Part of

the II;E;“

guthor, VI

(lit. "The Forelock of the ZIjes™). Its
Jayenandin, prescribed, in the case of the
sun, [muitiplying by two and dividing by three, and
in the case of the poonl multiplying by three and divi-

ding

by LW, The total sine. in his taruaEZL is two
fiundred minutes, and this is why the maxieum equation
of the sun hss come out

equal te two parts, thirteen minutes, =nd twenty

and that for the moon as five parts.

And there are found in some works which sre more
precious than their zijes, namely %the siddhaantas,
numbers for the two luminaries

e

which are called circumferences (muhitat) which are to

be multiplied by, and other numbers with them which

the parts of the division. Thus, in the Pulisssiddhanta

the ecircumference (muhit) of the apogee of the sun is
fourteen L=

perts, and the circumference of the apogee of the moon
is LThiTty=0ne paArts.

And in the Brahmasiddhents, o tole without display

af the (sctual) operation, the circumference

a2
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of the apogee of the sun is equal to thirteen parts
and forty minutes, and the circumferense of the apogee
ef the moon is thirty-one

parts and twenty-six minutes. And the meaning of this
circumference is that if they sighted, on the center
of the circle of the Bpoges

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 apogee, and for that they have
lcertain) reasons, inm their operations,

Lthe explanation of which would involve a lengthy
discussion.,

And slince the ratio of the circumference to the
diameter, according to Paulug,is as the ratio of three
thousand
nine hundred and twenty-seven to one thousand and two
hundred amd fifty, the radius of
the circumfereace of the apogee according to this
ratio will- be, according to Paulus, for the 5UR, LwWo
parts and thirteen minutes
and forty-one seconds. And for the moon, four parts
fifty=-5ix
minutes, and one second, and on rounding off and
truncation we get what we have mentioned,

But he points out that the ratioc of these circumferen-

tes to the maximum equation

is as the ratio of the circumference, which is three
hundred and sixty, to the total sine, and if
we derive the circumferences from the equations of the
two luminaries by this ratio, they will come out as
fourteen parts and three minutes for the sum, and
thirty parts, fifty-nine
minutes, and forty-one seconds for the moon, and those
are thelr apogees (i.e. apogee epicycles).

But according to Brahmagupta the square of the
diameter is one tenth of the square of the circumfe-

rence, and accordingly
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the equation of the sun will be by this ratio 1wo
parts, nine

minutes, and mine and two thirds of a second, @and the
equation of the moon will be four parts, fifty-eight
minutes, and twelve seconds. And if we compute the
circumference of the apogee assuming that its ratio
to the maximum equation is as <the ratio of the

circumference Lo the total sine, using the quantity at

which he
sstimated it, they will come out for the sun as four-

teen 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 disagreement with what
the sitwation with the

we said, So this is

of the

equations
two luminaries.

And as to the equations of the five planets in

the deferent, Theon
has followed in most ca@ases the Almagest, but he has
for Saturn in his zI1j, the Canon (ml-Q@nun}, six parts
and thirty-one minutes, which is one minute less than
that of the Almagest, and for Jupiter five
parts and fifteen minutes, which iz also one minute
less, and for Mars eleven parts,
aod twenty=five minutes, and for Venus two parts and
twanty-three minutes,
and for Mercury three parts and two minutes, which is
ten minutes more (tham that of the Almagest).

And the majority of the moderns have followed him

because they did not make any

gbservations on them, and so they did not change them,
And the
the

except for Venus. sgreement among them is

thet the egustion of sun is equivalent to its

{Venus') equation. And they observed the sun and thus

took for

its (Venus') egquation the same us its (the sun's)

equation.
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But in his zIj, AbL el-Q3sim ibn al-Aflam
diminishes (from the Almagest?) forty-eight minutes in
the case of Saturn,
and incresses eighteen minutes in the case of Jupiter,
and diminishes
Iwenty-three minutes for Venus, and increases thirty=
eight minutes for Mercury.

But the only justification for such (things) is their
presence (in the text),but the eriterion for accepting
them is a display of the operation,

8s was done by Ptolemy. But this is not found in the
case of any of the moderns, and thus

Lthe sccusation against their operation is reinforced,

Az te the Hindus and the Persiams, they have a
tommon opinion, and %0 the
zijes of the Shah, and AbW Ma€shar, and Ya®qub ibn
Tariq contain nothing on which they differ except only
ﬁne Lhing,
the difference of which does not exceed one minute.,
But Muhammad ibn Miusi al-Khwarizml
lacks -Lhis lagreement) in his zIj. And they have for
Saturn eight parts and thirty-seven
minutes, and for Jupiter five parts and six minutes,
and for Mars eleven parts
and twelve minutes, and for Venus two parts and
thirteen minutes, and for Mercury
four parts.

But al-Khwarizel adds to Mercury two einutes,
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 te
choose from which!

And the law of al-Fazirl is proportionsl te these

quantities. He suggests in the case of Saturn

multiplying the sum of the sine (of the argusent) and
its tenth and one sixth of its tenth by three,
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and for Jupiter, to double the sum of the sine and one
fifth its tenth, and for Mars,
te multiply the sum of the sine and its tenth and a
sixth of its tenth by four, and
for Venus to diminish from the sine one temth of it,
and for Mercury to add to the sine
three fifths of it. And if we consider this with the
total sine which is ‘accordimg to him, a hundred
and fifty minutes, for deriving the maximum equations,
there results: for Saturn 8;37,30,
and for Jupiter 5;[6]. and for Mars [1}1;10, and for
Venpus 2:15, and for Mercury
4:[&].

However, Muhammad ibn Ishiq al-Sarakhsi combined
both opinions. For he Look the gquation
of Saturn from the Hindus,and that of Jupiter and Mars
from the Canon, and that of Mercury from al-Khwarizei.
And he added one minute in the case of Venus 1o what
is in the Canon, and Lhe reasons for doing this are
not apparent,
for showing it (the method of derivation) is necessary
for acceptance (of the results), as he(?) did in
increasing
the eycles of Saturn im cosmic days, and thus was near
to the opimion of the Hindus in that respect, and what
our associates have
for it (the cycles?) dis from it (the dncrease?),
although this (which gur @associales have) wWas
erroneously reported io the Sindhind zijes.

and what is in the Hindu zIjes which we have read
is guite confused.
to the extent that it is unacceptable (as being Lhe
suthors® fault), o that the sccusation falls upon the
copies
gt hand snd (upon) the translator who dictates 1o us.
That is that Psulus has snnounced the magnitudes of

Lhese
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equations as: for sdturn, in minutes, S568: for Jupiter,
284; for Mars, G76:
for Venus 134, for Mercury 268, and (he) divided itrs

product by three hundred and sixty by

3438 minutes, the total fine,s0 that the circumferences
of the wapogees 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
Lhe equations, like

the author of the Karanatilaka, the total sine
e AL
according to him being tweo hundred minutes, he

suggested im the case of Saturn
eultiplying half the singe by three and adding to the
result its sixth, and if we do
Lhat for the total sine, the meximum equation for it
will come out, 5;[10]; and for Jupiver
to multiply the sine by three and halving the result
and adding to it ome sixth of & tenth (of it o
and so we get for it 5;5, and for Mars to multiply the
sine by three and to add
to thke result (its) seventh, and it will come out g%
11:25, and for Venus to add te the
sine its sixth and to take half the result, and there
will be for it 1;(5]6,40, and for
Mercury to multiply the sine by three and to halve (i)
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 Saturn 9:33,
for Jupiter 4;46,30, for Mars 11;[B].301 for Venus
2;[13],42, and for Mercury 4:27_ 24.

As for those who set up ratiosz between the solar
equation and these equations, such
4% the translator (or commentator?) of the Khandokhad~

yaka, which is known to us a&s the Arkand, he claimed

a7
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that the equation of Saturn is four times the sum of
the equatien 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 equation,

and the equation of Mercury twice its equationm,
and what comes out by these maximum equatioms is
near to what came out
from the circumferences which were put by Paulus.
Verily I have seen Awlath ibn Sahawi, tLhe
astrologer, using Lhe equatiom of the sun
in those circumferences instead of the sine, and
multiplying it by them (the circumferences), end he
divides the result im all (cases)
by fourteen, and it comes out near to what comes outl
from the sine, whereas if he put the circumference
of the apogee of Saturn as fifty-four instead of sixty,
and the ocircumference of the apogee of Jupiter as
thirty-two
instead of thirty, and the circumferenmce of Lhe apogee
of Mercury twenty-five instead of twenty-eight,
and then wused dim it the equation of the sun, there
would have resulted what
is nearer to what is generally agreed upon, according f
to what we said, It is because some of the eccentrie
orbits
are not fixed in position, due to the motion of their
centers along the circumference
of the circle carrying them, like (the case of) Lhe
moon and Mercury @according to Ptolemy, and their mean
distances
sre not as well fixed inm position, nor are their
recedings from the apogee fixed
al one value.
To understand that let us assume the center of

the universe to be H (Figure 2) and the circle

38
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on whose circumference moves the center of the circle
carrying the epicycle of the moon be circle

LT with center at H. We describe about it (H), at a
distance half the diameter of the deferent, circle
BHJ. Let the center of the deferent be D, and half
its diemeter DA.

50 HA will be the farthest distance, the sum of DH
(and) AD, and the nearest distance (will bed

the difference between them. So the mean distance is
necessarily DA. Anmd let the dintersection of the
deferent with ecircle BHJ, which is H, be the mean
distance at the time. 2 i

And it is evident from what has passed thait the

perpendicular HS5 to BJ

N\
)2 |
lecar of \
deferea E b
cenl o lll
contar of | |I
T E |
! |
D
5
Figure 2
(p. 35 of text)
A
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falls at the midpolnt of DH. Then lel the center
the deferent be at T, and we extend

ATK until that becomes equal to DA, snd we descr
wlth center st T

and at distance TK a circle KL. Se it will be

deferent at an (arbitrary) time, and the

of

ibe

the

maiximue distance dim it (will be) HK =&nd the mean

(distance will be) at L, and perpendicular LM falls

on

the midpoint of H[T]. And it is apparent that the mean

distance of the moon moves from

H to L when the apogee moves contrary (te the signs)

}fuﬁ A to
K, and the center elso from D to T.

and we assign for the determination of the m
distance in the hesven of the apogee (li.e.,
deferent]) of Hercury
point H (Figure 3) das Lhe center of the universe
point D as the center of the circle carryling
the center of the heaven carrying the epicycle
point 5 at the midpoint of HD, {(hencel
the equant ceater, And we describe with center

and with radius D5

circle ST 5o the lines NS, SD, and DT will become
equal. I

And we suppose the ceater of the deferent {te be) at
pnoint T, whieh is on the prolongation of HSD, and ?ﬂ
half ;:5 diaseter, and with T as center and AT as
radius woe draw circle I

AHZ which is the deferent, and with this radius =also
ﬁ; draw with H as cenler

circle BHJ. So the distance of A, the apogee, from H,
lnujuﬂvslthp radius

of the deferent =znd the three eéqual limes. And the
distance of Z, the perigee,

froe H, includes the radius of the deferent less these

three lines.

ean

the
gnd
and

(0]
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35:4 So it is by necessity that the mean distance will be
the radius of the deferent when
5 the excess vanishes, which is (only) exceptionally the

Case.

d6:1 And if the center of the deferemt reaches point
5, the apogee will be at
2 5

the deferent except for one of the

, @nd its distance from H will include the radius of

4  three lines. And H[W], the distance of the perigee
from H, i5 the sum of

4 the radius of the deferent and HS, when the increment
is annulled by the decrease

5 which equals it, the mean distance (then) will be
equal to the vradius of the deferent, and indeed
& the apogee and the perigee eéxchange places at this
last position since point 5,
ﬁ;_:;ur‘f o
(p- 37 of text)
deferea T
4 Z < J\,
apegee

locts afF
deferral cenlier

i ¥
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which was at A became now, at S, nearer to the earth
than "
point W which was then @t .

However point H, which is for the left-hand mean
distance because uf.the
intersection, the perpendicular dropped from it to AZ
falls on the midpoint of TH,
which is K. :

aAs for point Y, which is for the intersection inm
the last positiom (or situation), it is
for the right-hand mean distance,and the perpendicular
from it falls on M, which is the midpoint of HS5.
And it is evident that the ceénter of the deferent, if
jt is on (= point) other than (one of) the two points
S and T,
it heiﬁg as though it moves by its motion contrary Lo
the succession (of the siges) until it falls on  (the
letter ®ain).
And we join H {to) © end bisect Il at F, then erect
from [F] & perpendicular
to HE bounded by(?) circle BHJ, verily L will he (at)
the mean, right=hand distan:e: through which the drawn
deferent passes with its (proper) radius and having
(as)
center <.

So it hes become evident as to how the left-hand
gean distance is carried from H
to L by the carryiag of the cemter T t0 €, and the

difference of

the distances of its positions from the apogee of the

equant, at whose center
iz measured the constanl mean motion.

42
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Mention (or Explanation) of the Mean Distances of the
Planets

In their Epicyclas

It is apparent that the mean distance in Lhe
orbit of the epicycle will be BL
its intersection with the deferent, if the distance is
measured from its (the deferent’s) center. But if it
isimeasured)
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 mirk off on it 2T
egqual to ZH, :
and so T will be the equant center. And we place the
cénter u% the epicycle upon
A, which is the apogee of the deferent.

It is characteristic of the epicycle that it js
invariably so0 @much smaller than its deferent Lhat
it cannol enclose the earth 45 does the deferent, but
rather is (always) away from ft, and doés not pass
Lhrough its neighbourhood,
because motion through it s interdicted (as shown
above). And of its (points), itrs epleyclic apogee is
its maximum distance from the garth,
while its (epicyclie) perigee is its nearest peint to
the earth. And if we extend Lhe radius HA
along its prolongation, K will be the epicyclic apogee
and J its perigee,

Then we place the epicyele on [H].(the point) opposite
Lthe apogee, and j

Y will them be its apogee and [F] its perigee. so
when the distances are taken from Z,

the center of the deferent, their maximum will be ZK,
and it dis its (the deferent’s) radius, increased by

43
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the radius of the epicycle. And its minimum will bhe
z[J). the radius of the deferent diminished

by the radius of the epicycle, and one half their sum
{will be) the mean distance,

and (this fig) the radius of the deferent, without any
incresse or decrease. But when the distences are taken
from H, the center of the universe, HE will be the
maximuem, and it is the radius

of the deferent, there being added to it HZ, the
amount of the eccentricity, amd AK, the

radius of the epicycle. And the minimum will be HF,
the radius of the deferent less

ZH, the eccentricity, and F([H], the radius of the
epicycle. And half E

their (the maximum and minimum) sum taken for the mesan
distance is again the radius of the deferent alone.

And hence

Figure 4
{”;u_ 40 of fexf::l
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we describe with 'its distance as (radius), at the
center of the universe (a3 ceénter), ecircle LBD, which
bounds the two mean
distances in the epicycle from H, the position of
ocbservation. 1 mean
that thelr two positions around the apogee are the two
points 5 (and) M below the two intersections
of the epicycle and the deferent.

And at the point opposite the apogee the two
points are S (and) *, above
the (ahnve—;mentioned intersections,

And if we put the epicycle center at B, then the
two mean distances
&t it will be the two points N (end) W. However, N is
lower than the intersection (with the deferent) where-
as
W is above it. And it iz evident that the center of
the epicycle, if it were at point N,
the right(-hand) distance would be below, and the
left{~hand) distance at the intersection of the
épicycle and the deferent at
B neither below nor above. But if it were at point W,

50 that {(the epicycle)

passed through B, all would be opposite to what we
have mentioned, T 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 distanee of the intersection
from the epicyeclic apogee, we turnm from this figure to
what we need, (Figure 5) and we extend AD tangent
to the deferent at A, end ZHT tangent to the epicyele
Bt H, and it iz known that i;rc]

AT ;s the greatest of all the equations due to tLhe
Eﬁicrclc by 1t5 magnitude, angle AZT.

But the triangles ®AZ, AHZ, snd SHA are similar, and
50 angles ‘A? (and) r .
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AZ[T] are equal, so arc DH has the magnitude of the
-nxiuu: equation im the i

heaven of the epicycle. But B, the position of mean
distance, is nmnot at the midpoint

of =arc DH. Let us drop perpendiculars HS and BN to
AZ, and jﬂ}n ) ]

B (to) A, B (to) S, and B (to) [J]. Then from the
gimilarity of triangles AHZ, ASH, and SHZ,

the product of ZA and SA ;ill h; equal iu the square
of AH, and the product of JA

which is ‘twice AZ, snd AM, (which is) half AS, is
therefore equal to the square of AH,

which is equal te AB. 5o the ratio of [MlA to AB is
as the ratio of BA

to AM. And so the two triamgles [B]AM (and) [3]AB are
similar. But triangle [J]AB
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is (inscribed) in a semicircle, and so angle AB[J] is
a8 right angle, and angle AMB is equal to it,

and it also (is) a right angle. And MB is perpendicu-
lar to AZ, end the ratio of ZA to

AB, I wmesn AH, iz &8s the ratis of BA to Af[5). se
triangles ZAB ;nd

BAS are similar, But triangle ZAB is isosceles (with)
legs AZ (and)

ZB. 50 triangle BAS is also isosceles, with legs AB
{and) BS. And M

is the midpoint of its base,and so MB is its altitude.
And since M is the midpoint of AS,

AB will not be the bilsector of arc DH, the maximus
equation, as I

was evident im the subtending of the sines, and the
epicycle equals, in this respect, the deferent.

And that is, if the sine of the maximum equation is
taken it will be AS,

and fts half, AM, ard tae arc of this hall is DB. And
if (DB) is added to KD,

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 AbT Ma®shar has referred

1
in his 2zTj and said: "As for the determinstion of Lhe
mean distance
"in the epicycle, we multiply the sine of the epicyecle
radius of Lhe planet by
"itself and divide by twice the totsl gine, and we
determine the are (gine) corresponding to the resultl
and it is sdded to three
“"signs and there results the distance of its mean
distance from the epicyclic apogee.”

And it is as if he mesns that the epicycle radius
is arc AB.
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The ratie of A[J), twice the total sine, to BM, its

{i.e., angle BZN's) sinmne, is not equal to the ratio of
BM to MA.
the ratio

of the chord AB to AM.

But the ratio of A[J] to the chord AB is as

And AM is =lso what gives (the
thing) sought by him.

For verily arc AB, if bhe takes it as Lhe mAXimue
equation, it is not

it. The maximum equatien is rather (arc) AT, and even
if the radius of the epicycle -

wae known to him, we must use it as ft is.

g to the measurement with respect to Lhe

center of the universe, we suppose Lthat the center of

he epicycle (Filgure &)
iz at A, the deferent apogee, and let its intersection
with Lhe eirele bounding the Lwo meen distances be B.

to  Z[a].

And we join B (and) H, and it will be equal

the radius of the epicycle is known, and ZH i=s known,
so triangle ABH is known as to sides.

So the normal [BH] is known.

And if we trensform it{(s) megnitude to the scale
by which AB is the total sine,
and we then detergine its arc sinme, arc BM would be

jetermined, and DB, which is required

js its complement, hence it is (now) kmown. 50 fﬁ.
the distance of the apparent mean distance, it being
the first adjusted sector, would be kmown, Butl Lthe
distance of point € from the epicyclic mpogee is knmown
and “B, the mean depression, is known. In like manner
We F!-'u'l.

the center of the epieyecle at J, the point oppesite

the apogee, and Jlet it dintersect with ¢the circle

bounding Lhe two mean distances at 5 amd join 5 (to)
H. Then triangle HS[J]

will have its sides known, and SL which is its normal,
will be

koown .

ok
e
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And if its magnitude is coenverted to the scale by
which 5J is the total sine, and
its arc sine 1s found, ?E‘wilt become known, anmd it is
the magnitude of the first adjusted sector.
But the distance of point 5 from the epicyclic apogee
is known, so 5T,
the mean ele;atinn_ is known. And verily we have
called them the two means because of their equality on
the
right and the 1left 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 T),
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and extend from T, which is the center of the equant,
TF[B] ©.

;nu € will be the mean epicyclic apogee, from which is
(measured) the beginning of the anomaly, which

is called also the non-modified apicyclic argument
(s flaw in the ms?), its beginning (at ®?)}, and F is
the mean

epicyclic perigee.

And we draw from the center of the universe HSK,
and K will be the [apparent]

epicyclic spogee from which iz the start of the znoma-

ly, or the argument, or the corrected epicycle. And 5
is
its spparent perigee. Let the intersection of the

epleyele with the (above-)mentioned circle be point
p. and drop DM perpendicular to HEK, and HL [and ZH]

perpendicular to TB.
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S0 angle ATB will smount to the unmodified (i.e, mean)
JOhgiludE_land it 15 also called the éenter.
And hence triangle HLT has its angles kpmown, and in it
HT i5 kmown, 50 its s;dps
a;c also known. And ZH i3  half HL, and 20 H is the
midpoint of L?. : )
And 2B is known, so¢ EB is known. And gll of LB is
known 5o HB, which .
is the hypotenuse of @ right triangle formed by it and
HL, is known, and HD is equal to ZB. So triangle
HDBE has ite sides known snd its normal, I mean DM, is
known, and after
transformation {of wpits), it will become the sine of
the arc 5D, and KD is its supplement.
It is lh; first modified sector, now determined. And
because the depression of the intersection of the
epicycle
with the circle bounding the two mean distances at the
time when the center of the epicycle
is at the apogee is the mean depression, and its
elevation at the time when it is on the (point)
opposite the apogee
is the mean elevation, they will not be their extreme
(values), which
are (Lhe ones) sought after in practise.

And so we place the center of the epicycle so
that its circumference will pass through point L
(Figure B)
en  that ecircle, so that this point will be the posi=
tion of the two mean distances
at the extreme of their depression. And the other two
will then be a little bit above, and that is a
characteristic of the two
positions on the sides of the apogee if the cenmter s
on them, but that (position)
which is before the apogee L will be Lhe left mean
distance at it, and that (position) which
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is @after it will have L at it as the right mean dis-
tance. And let us take one of them as &n example;

then the other cam be imagimed. And let us place the
center at B, so that L becomes

the right mean distance, and produce BD tangent to the
deferent, and drop

LH perpendicular to BZ. Apd because BZ is the radius
u; ithe deferent,

and ZL dis the differemce between it and AL, which
(difference) "is equal to ZB, the distance belween
tke two centers (i.e., the eccentricity), and BL (is)
the radius of the epicycle. (S0} triangle BLZ,

whose gides are kpown, will be known, and (alse) LH,
the normal, and ZH and HE, )
the two parts of }13 ha;e, gnd {likewise) BH, the sine
of arc DL. So if it(s length) is Lransfﬂ;med to the

ragritude (i.e., scale) by which BL is the total sine,
arc DL will be known.

And it is the extreme of what there is for the mean

distance, insofsr as depression from the quadrant
point) is concerned. But thée point

of intersection of the epicycle with the deferent is
known, and so the depression from it is known, and let
ug call it the

total depression. It (the depression?) will be mnon-

existent when the center is at F, and

this mean distance will result at the same time, at
the same intersection which is (.

The left one will then be above the deferemt. However,
the depression of the mean distance, which is

$€. will mot exist when the center iz at W, so that
the left one will be#e at the mode and the extreme of
its magnitude will be when the center is at a point

before the apogee

by the amount of arc AB.
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And this (also) is the gituation for the extreme
(value} of the elevation of the two mean distances at
two positions
on the two sides of the point opposite the apogee.
Let one of them also be point K, and
8t it the center of the epicycle, and let its cirecum-
ference pass through point T, so it will be the right
(hand) distance, ‘
and we drop KM perpendicular to ZT and T® perpendicu-
lar to ZY. ‘ :

So, since KZ is the radlus of the deferent, and ZT
(is) the result of adding it to JT, -
which is equal to ZH, triangle ZH:.[' will have its sides
known, and the ratio ;

of its normal to KZ (isz) as the ratio of T to TZ.
And after transformation {(of scale) > 3

arc TY will be known, and its complement [plus PF?] is
the ;nIaJ elevation, and (it is s0)
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because of the center being at [K?], 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 epicycle. Let it be called the are of the chord.
However, (as for) the distance of point B

from the apogee, verily itz sine is §B. And its ratio
to BZ, the radius of

the deferent, is as the ratio of L@. the normal of
triangle ZLB, to LZ, the difference

between the radius of the deferent and the distance
between the two centers, I mean ZH. So are

AB 15 known; let it be called the are of the distance
of the axtremity.

And it resembles the operations by which we
transfore the equation of the epicyele in the zijes
from
Lthe guantity calculated at mean distance to what it is
required for it at each distance: we transfer
this total elevation and total depression to their two
magnitudes at both sides, the right to
the left for each distance, if one imagines before hie
the beginnings of the distance sectors and the
beginning of the elevation and the depression and
their vanishing. Thst is that the beginning of the
first seclor is (at) the apogee.

That of the second is distant from tLhe apogee by the
megnitude of the first sector, and the beginning of
the third is (at the point) opposite

the apogee. The beginning of the fourth is the com-
plement of the first with respect to & revelutioen, I
mean before the apogee

by the magnitude of the first sector.

a4
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As Lo Lhe beginning of the depression, it is near
Lhe beginning of the fourth sector. Moreover, Lhe
left mean distance
iz before it by the dmount of the arc of the chord,
and the right one thus is after it to the BEGunt of
its magnitude,
And it vanishes opposite the two beginnings, I mean
that the vanishing of the left ane is before the
beginning of the
second sector by the amount of the arc of the chord,
and  the vanishing of the right one is after it. The
extreme (value) of the depression (is) around the
apoges

by the (amount of the) arc of the distance of its left
(~hand) extreme (value) before i1, and the righti-hand
value) after it. The casze of the elevation resembies
that of the depression, but its bogjnning s near the
beginning of the second sector, end thus the arc of
the chord

Lor the left (one) is before it, and for the right
lone) after it. Howeyer 1ts venishing is near the
beginning of the fourth sector to (the amount of) the
are

of the chord, for the left one before 1t, and for the
right one after it. And the extreme (value) of the
elevation occurs nmear the point epposite the Bpogee,
it

Lwo  positions distant from it by (the smount of Lhe)
arc of the distance of the extreme elevation, for the
left one before it, and for the right one

after it. S0 when the position of the epicycle center
is known, its situation Will be known

with respect to these limits which we have enumerated,
gnd there is no doubt but that our objective will pe

achieved
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However (inm dealing with) altitude as well as with
depression, we use for each (one) its extreme, without
the other extreme,
and the side, left or right, will also be assumed. 5o
our objective
(is) its beginning if it is increasing., and the posi-
tion of its end if it is decressing,
without mixing one with the other.

And if the center lies between the positions of
the beginning and its extreme we take outl
of the total {i.e. extreme) an amount equal in the
distance of the center from the beginning by multi-
plying the distance from the center to
the intended beginning by its total (i.e. extreme
value), and we divide what resultis by the distance of
its extreme position
from its beginming. So the required depression or
elevation results, on the
intended side. And when the depressiom or elevation
is ascertained for the assumed time, the
position of the mean distance on the epicycle for that
position on the deferent
will become known.

And what we need im these operations is the
ecceniricity, 1 mean

the sine of the equation due to the deferemi. And what

has already been mentioned as to maximum equations

is what §s due to the equant, and if you take its .two

parts and then take half

there would result (the distance) between the center

of the universe end the deferent centers, because they

are a1l the midpoints

of the segments belween it and the equanl cenlers.
And what is im the Almagest regarding that fs:

for Saturn three parts

and thirty-four minutes, and for Jupiter two parls and

forty-one minutes smd s half,

S6
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and for Mars six parts and thirty-three minutes and a
half,

and for Venus one part aad fifteen minutes, and for
Mercury at the least magnitude three parts.

and for the greatest nine parts.

A for the first (i.e., least distance) it is
when the center of the deferent, on the ecircle Carry=-
ing it, is
on the equant itself. Let it be T (Figure 9), and the
center of the universe H. But 2
the greatest (distance, it occurs) when the [apogees]
of the deferent and the Equant unmite so that
the center of the deferent circle will be at K, which
iz on the extension of HTD.

As for the rest of the Lime. let (the defereant center)
be, for example, at Z. Then HZ will be (the distance)
between

the center of the universe and the deferent snd it is
what is required, without HT which i the sine of
the maximum equation. And ;rc ZK is equal to the
distance of the center of Lhe epicycle from

the apogee along the direction of the succession (of
the signs.) Se its 5ine, ZH, and itz cosine, gu,

A (2]

Fiqure 9
“(P- 55 of text)
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are known. And if they are transformed into (uwnits of)
which ﬁﬂ K iz three parts, asd HD is added

to DH, which 15 six parts, &nd Lhere is decreased from
it according to the position of ?

from the centér D there will result HH. The hypotenuse
of the right triangle having it .nnd ZH a3z legs
is5 the desired (object]). :

But the radii of the epicycles according to what
is in the Almagest are:
s$ix parts and a half for Saturn, eleven parts and s
half for Jupiter, and for Mars
thirty-nine and & half parts, and forty-three and one
sixth parts for Venus,
and twenly parts and a half for Mercury, and the
magnitudes of the maximum equations whieh are due to
the epicycles will follow them (accordingly).

The moderns have followed in it Theon of
Alexandria, and in the Cenon it is,
for Saturn six psrts and thirteen minutes, for Jupiter
eleven parts
and three minutes, for Mars forty-one parts and mine
minutes, and for Venus

forty-five parts and fifty-nine minutes, and for
Mercury twenty-two parts and
two minutes, and it is thus in the Almagest.

But in Ibm sl-A€lam's zIj 4t 15 for Saturn
diminished by twenty-five minutes,
and for Venus incressed by nine minutes, aod for
Mercury increased by twenty minutes.

In the Shah ZIj it dis five parts and forty-four
minutes for Saturnm,
and it may be in some copies 1less by eight seconds
(sic) and in some others by one minute.
For Jupiter, ten partes and fifty-two minutes: but with
Abu Ma®shar
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it is less by eight seconds. For Mars forty-one parts
and thiriy minutes,
and it is found in some of them diminished by one
minute, and with AbU MaSshar it is 85 im the Canon,
and by dncreasing five seconds. For Venus, forty-
Seven parts and eleven minutes,
and it may be diminished by one minute in some of the
copies. For Mercury, Lwenty-one parts
and thirty minutes, and it may be diminished by about
half a minute in some of the copies.
Arnd with Abu Ma®shar it is as in the Canon. But
#l-Fazarl and al-Khwarizml have
them 1like what is in the Shah Z1j, since it iz tLhe
Hindu way.

And 1t must be that Ya®qub ‘ibn Tariq is in
agreement with the two of them, but what ;ﬁ
in his zIj for Jupiter is decreased by tWERLY-Lwo
minutes, and for Venus decressed by
fifty=five minutes.

And al-SarskhsT has followed in the case of
Saturn the Shah Z31j and in the remaining one the Canon.
However, Paulus put the maximum équationz (as) Lhe

circumferences of the ctarrying epicycles

by multiplying the equations by three hundred and
Sixty and dividing the result by the total sine,
which, according to him is fifty-seven parts and
eighteen minutes. But the equation

of Saturn is six parts and twenty-two minotes, and the
circumference of its epicycle (is) forty;

and the equation of Jupiter is eleven parts and thirty-
two minutes and the circumference

of its epicycle (is) seventy=-two; and the equation of
Mars (is) forty parts and

thirty-twe wminutes and the circumference of its epli=
c¥cle (is) two hundred and fifty-five: and Lthe equa=-

tion of

EQ
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Venus iz forty=-five parts and fifteen minutes, and the l
circumference of its epicycle

{is) two hundred and nioety; and the equation of
Mercury (is) twenty¥-one parts and thirty-six

minutes, and the circumference (Here o passage is
repeated in the text.) of idts eplievele (iz) one
hundred and J

thirty=five.

However, im their other zijes their sayings are
not stable, and they c¢an Aot be relied upon, and tLhat
is why

1 have shunned talking about Lthem.

Mention (or Explanation) of the Sectors
in both Hesvens According to the Well-known Opinion

The differences found both im the deferent and

the epicycle are of two kinds {(each), one is the
distances included between two extremes in greatness
gnd smallness

and @ mean between them. And it has been showmn above
that by them the two orbits are divided into

four secLors.

But the second type {(concderns) the differences in
the motion due to the difference

between Lhe two centers (i.e. eccentricity). For the
motion near the apogee (is) at the extreme of slowness,
and near its opposite (is)

it 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 wuniverse, to the diameter passing
through the apogee and its opposite, it (the angular :
velocity) is at its mean, L
equal condition. And at thee will be the maximue

equation, as it vanishes essentially at

60
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the apogee and its opposite, because of the coinci-
dence of the lines coming out to them from the Lwo
cenlers.

And by these four points the deferent is divided
intoe four sectors,
and the drawing (Figure 10) shows that and helps to
vnderstand it.

Let ABJD be the defereamt with center 7 which s
External
to H, the center of the universe,and we extend through

it the diameter passing through the twe centers.

S50 A will be 1Ls spogee, and J the opposite of the
apogee, and Lthey are the Lrespective) beginnings 0f

the first and third sectors,
And as for the beginnings of the second and fourtl

sectors according to this last opinien

which we are considering, lel! us puss chord BD throug!
ItE center, normal

Lo the dismeter AJ. 30 the two points B (sand) D will
be the (beginnings of Lhe above-)mentioned S B L .
50 that Lhe veriations in the equation wil be @t the
four points A, B, J, (and) D.

However, at the two points A tand) J the egustlion wil
vanish essentially becausé of the coincidence

two lines

issuing from Z {(and) H. Then its excess will be gres
at them. As for (the situvation)

ot the rest of the points, the twoe (above-)mentlioned
lines will be distinct, and they will bound the anale
of Lhe

equation, like angle ZBH, snd it iz the greatest of
all sngles of the equation which precede it

or which come after it, I mean the preceding (ones)
like the one at H. And for this drop ZK perpendicular
to HH. And HZ. will be the hvpotenuse of a right
lrianél: having as legs HEK (and) ZK,
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Figure 10
(P 57 in text)
perigee '

hence ZH will be greater than ZX, But they are chords
of the circles circumscribed about

the two triangles Zﬂﬁ {and) {_Z]HB1 which are right
angled, and they are equal to circle ABJD

because the radius of the three is one magnitude. So
ZH (is)

the chord of an arc greater than the arc of chord ZK,
and angle ZBR is greater

thao angle ZHH.

And I .uean by the omes that come after, (those)
like the one at point M. For it,drop Z5 perpendicular
to MH. and (the argument is) as what hes preceded in
comparing Z5 with ZH 50 as to make clear

4
that ZH is greater thas ZS. So angle ZBH will be
greater than a@angle ZHB, and the position B (is) for
the variatiom im the equaetion, because
at it it is at the greatest of its magnitudes, and its
situation differs sround it. And the equations start
at A, incressing up to it, snd they stop (increasing)
at its greatest magnitude. Then it returns
from it to diminishing boundaries. And thus is also
the sitwation at pelint J. So if this
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orbit were carrying the epicycle of one of the planets,
point T would be
the EH;LEF 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 inmto HT. And in like manner
the deferent at point D for (any) one of the equations
from J up to it (i5) increasing,
end from it to A Is decreasing.

And for determining (something) like that in the
epicycle, let ELD (Figure 11) be the epicycle
and its center B om its deferent, and et us produce
to it from the center(s) of the deferent
gnd the universe two lines determining tLhe two epi=
eyelie apogees, K (and) %, and produce from 2 radius
ZDH tangent to the epicyvele at D, which is the position
uf‘rhc maximum equation.
Because the lines extending to (points) other than
point D and its counterpart om the other side
lie between the two like lines. And so0 angle HH{?] is
greater than
any angle bounding it. BZ iz one of these lines, and

the radius

Ff'gur“e Il
(P 59 of tert)
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and in the second, the descending one, it will be
descending, and in the Lhird, 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
Lthe 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 a&n orbit bounding it
then it would not be limited,
for it has the potentiality of increase. Evervthing
that is potentially increasing starts
from its smallest (value), before which it had been
null., Then the opposite occurs, by which
the speed is slowed down and goes back to its initial
value. This is (known as) deceleration.
But the deceleration is bounded, because the initisl
value is the least it can assume. And when
the motion is from the epicyclic apogee im a direction
opposite to the succeession (of the signs), like tha
of the moon according to Prolemy,
the slowing down for it would be as it is at the apogee
in itz (the apogee's) orbit (i.e. the deferent). But
the motion of (any one of) the five planets in its
epicycle will be from the epieyelic apogee
aleng the succession (of the signs), equal to the
motion of its center. Hence {ts (maximum) speed occurs
at the epicyclic apogee,
and its slowing down at the epicyelie perigee. And
obviously, between the two positions of the maximum

equation

in the inferior segment (are) the two essential sta-
tionary points in the path. At ome of them
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starts the acceleration which ends in increasing to

Its extreme at the epicyclic apogee, to the
other which ends in deceleration.

And the situation between them along the lower

side differs from that beiween them slong

Lhe upper si1de (85 thel difference between existence

and nonexistence, for it is going back im appearance,

COnRLTarywlise,

and in addition to that, the speed begins increasing

at one, and stops decreasing at (the end of)
Lthe other, (just) as forward motion between them has
followed (the retrogradation), But if the

to be divided into sectors according

orbit were

t the travel and what it requires, what is the
ohjection to dividing it by the twe statiomary points,
0 Lnnet

the first sector will be from the middle of the for-

«ird motion te the first station, and the second

from the first station to the midpoint of the retro-

gradation, and the

e

third from the midpoint of the

retrogradation to the

second station, and the fourth from the second station

Lo the middle of the forward motien. There iz no

ohjection Lo that

excepting the claim (of some) that & certain effect is
sunted for in Lhe previous (slternativel, but not

j Lhe latter, such 85 the ebb(?) and flow of the tides,

but hdl ¥s rather far-fetched.

Lui In such cuéses retrogradation and forward motion

b given precedence in the explanation, includ-

he change in Lhe equation from increasing to decres-

sing, unless it 45 clasimed of an effect which is
"'Th]gu LG

the consistent laws of nature inm the craft of astrolo-

av. Butl no one dares

claim something like that unless he ig short-sighted

and bound to fail.
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And this meaning will become clearer when we
mention Lthe tramsit inm Lhickness; verily
it really appertains to the first method rtather than
the second.

And it is necessary after what we have stated to
explain both methods

from a practical point of view for those who want Lo

use Lhem, and it is necessary for that to utilize the

quantities

which are found between the centers (i.e. the eccentri-

cities) and the diameters of the epicycles. And

aothing will be listened to except

a temperament unbiased by the germ of fanaticism, and

the taint of insistence, and the lust for victory

in wtilizing any eof these, except what is clearly

apparent, or accompanied by the best of proofs.
And this is the case of the talented Ptolemy; his

woTks are to the works of others as

wakedness Jis to sleep, and his position is (setual)

sight as compared to the hallucinations of dreams.

And if

time has not helped us thus far to consider cases

other than that of the sun, we

use what iz in the Almagest concerning that and say:
As for the apogee sectors, the first of them,

according to the first opinion, inm the case of the sun

(is)

Lo make the maximum equation a sine and it will be the

eccentricity.

The arc (sime) of half of it is to be taken and added

to ninety, and the sum will be the first sector. Its

complement with respect to the circumference,

which is three hundred and sixty, is the beginning of

the fourth sector, and we need not stop to explain the

third

Since its beginning is always from the midpoint of the

circumference. To these sectors is measured
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the unmodified argument of the sup.

However, actording to the seécond wopinion, the
Eaximum equation is to be added to ninety,
and 1t will be the magnitude of the first sector, and
the maximum egquation is to be subtracted
from twe hundred and seventy, and there remaing the
beginning of the fourth, and te it alse iz measured
the argument which is not
modified (i.e. the mean argument).

As for the law of the adjusted argument, if it fis
desired 1o measure (the sectors) by it, (the beginning

of the second sector is at) the complete quadranmt,

and the (beginning of the fourth sector is at) three
complete quadranis without incresse or decrease if it
is (for)

the mean motion (sectors). And its equations are put
in' the zij without

its suthor havimg the kindness to explain Lhe cperation
or to generalize it; and among the authors of zljes
are those who find

in the elements of the motions a 7teason for putting
them (the sectors) in the tables of the equations, and
Lhey

returns to them upon completing the operstion with the
equation. However, before that there is no considera-
tion for thee

except & partial consideration, cheracterized in each
21 by separate numbers.

And these are like Habash al-HEsib (i.e. the
Computer) in the operations fnr the EGD;, and like Abu
gl-Fadl ibm Mashallah
in his summary of al-Khwarizmi's zIj, and Habash's z1j,
and like Kushyar ibn Labban
in his Jami® 2ZIf, anmd 1ike AbT al-CAbbas al-Hawalfe€sI
in his summary <
of al-BattanI'"s 27j. And like this is the situation

regarding the sectors of the planets in their
g q p

ol
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deferents if what is used for them are their maximum
equations caused by the
equant. Bul mention of their magnitudes has already
been made, and by them their unmodified (§i.e. mean)
longitudes and centers are measured,
whereas the measuring of the modified (ones) is at the
complete gquadrants.

As for the moon, in which nothing but epicycle
Seciors are used, whoever wants
them (i.e. sectors) in its deferent must consider them
by its double elongation, and that is because the
center
of the epicycle of the moon will meet the apogee bhoth
@t conjunctions and oppositions, whereas it meets
the opposite (point) to the apogee in the two quadra-
tures.

But &as for the epicycle sectors, if they are
considered with their equations, in the zame way as
for the spogee (sectors) their magnitudes will result

approximately according to both opinions.

S0, sccording 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 iz demanded by the
tquant, and the apparent (epicyclic apogee,determined)
from the center of the universe,
resulting from the whole equation of the center,
Whereas sccording to the other opinien, the true
ti.e., adjusted) anomaly is considered with the whole
equation of
the center, and that is becsuse deep dinvestigation
into it is long and its methods are indicated in what
has preceded.
And there i5 & book by al-Hasam ibn %AlT ibn “Abdis,
"Introduction to the Profession

&9
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64:8 of Astrology®™ (Al-mudkhal ild sanafat al-ahkam). It

was mentioned in dit, and this is his talk.

4 Most of the authors who discussed sectors have |
erred in most |

10 of the chapters on it, or forgot it, especially in the
case of the moon, because of the complexity ol its
metions. And some

11 of the moderns of Baghdad aspired to discuss it and
sade inm (the case of) the moon

12 & very serious error which was not detected by any of
the people of their time, for they mentionéed that Lthe

mo00n ot the Ltime

3 of conjunction will be at the epicyclic apogee. But
Lthey make @ mwmistake there, for indeed its epicycle

4 center will be at the spogee of its eccentric orbit at
that time by (virtue of) its mean

E motion.

o However,the moon (itself} at the time of conjunc-
tion will be in all positions

17 on its epicyele, And he said Lhat thereé &are four |
chords for the moon in 1Its eplcycle. They  have

I8 halves, 50 they become eight, and because it travels
its epicyele Lwice every month

18 by doubling these chords they become sixteadn. But he

weEs mistaken sbout 1t, since Lhe moon Ltravels

5 : its epicvele in twenty-seven days and thirteen hours

and one third, whereas

2 the center of its epicycle traverses its eccentric
orbit twice every month.
3 And then he used in ascertaining the parts of the {

sectors of its epicycle, the second compound equation
4 which occurs according to its elongations from the sunm,

instead of the first single equation, {

4} ]

whieh it obeys in the motion of the difference. And
he mede a mistake in the magnitudes

] of the sectors of the sun, for he made the first and
the fourth smeller than the second &nd the third.
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We (ourselves) have not happened wpon the book of
the (above-limentioned (person), but the sccount (about)
him, if
it is true and if it was not due to jeslousy and anger,
it indicates in his case
8 pon-studious listener, and this is the case with
meést of the c¢lass of the astrologers; they bahble
proudly
about things they barely hear, without verifving them,
and they are satisfied by associating fancies with
them.

And Eaking] the midpoints of the chords teo get the
sixteen is silly, and it sounds as il what was inten—
ded by it

was the coupling of the four distances in the epicycle,
I mean the farthest and the nearest

and the two mean ones, with the four im the deferent.
There will be sixteen (couples). But

by the equality of the two mean ones it becomes nmine,
and moreover, if inm the epicycle there were

eight, it would not become so0 by repetition of the
rotation sixteen times, whether the rotation were for
the moon

or the center ¢f the epicycle. So there iz no objee-
tion to making it thirty-two in two monthz

and doubling them twice. And even though bisecting
Lthose chords was

because of the traces of al-bahdrain(?) the eidpoints
of the quartiles(?) of the dﬂfér&nL are ®Oore 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 justifieation for it except that the deferent
was divided inte equal quadrants at

points A, B, J, (and) D, of which A is the s&pogee.
Then their true longitudes are taken, 50 that the
magnitude

T1
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first

of the 5éclor became that of sngle AHB, and it
is less than a right angle
because it is (an angle) opposite 1o sngle AZB in the
interior of the triangle, snd similarly for angle
AHD, by whieh is seen sector .-'.[Ir], the fourth (one).
And sector BJ will become
Lhe second [seen by] angle BHJ, externsl to triangle
HZB.
And like it is sector [J]D, the third, [seen by] angle
I}, and that
1% what we wanted to show.

Explanation of the Increases

and Decreases by which the Planets are Described
In the case of the apogee sectors which are made
dependent wupon the distances, according to the first
opinjon,
there follow for the planets the problems of nearness
and farness with respect to visual perception.
The plenets at their apogees are seen (to be) less in

size ®nd lacking dn light, and at
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the (points) opposite the aspogees larger in size and
richer im light. And by netessity at the two
mean distances they will be in a mean and average
situation &8s to them (i.e. apparent size and light)
from them (i.e. the extreme positioms). Then
in the first and second sectors it will be dncressing
in light and magnitude because of its descent and (Lhe
increase
in its nearness. But in the third and fourth sectors
(it will be) decreaszing in them (l.e., theze two
qualities) because of its ascent and the decrease
in its pmearness. And this is following the example of
those who call the moon waxing in light froe (first)
crescent Lo
oppesition, waning in light from opposition to the
(last) erescent.

But he who thinks that it is deficient in light
in the half which has the
conjunction at its center and is surrounded by the Tw¢
quadratiures, and excessive Iin light inm the half hawing
the opposition at its middle, he considers for it the
equality of light and darkness in what he perceives of
its body, that being
gt the two gquadratures, ivs like in the (case of the)
planets is to be, in the first and fourth sectors,
deficient in light and size, that is, from the normal
magnitude, and in tLhe
second and  third sectors excessive in them, that is
from that magnitude.

But in (the case of) the apogee sectors which are
56l up on the basis of motion &and of the magnitude
of the equation, it undergoes what it did in the first
concerning light and size,
but approximately. Foer their beginnings .are not
coincident with the mean distances, and they undergo
in them also other increases and decreases, and they
are of (various) types. Some of them are of the type

of travel, since it is zlowlest)

T3
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ON TRANSITS

in the apogee, and at its opposite (point it is)
fastiesl), snd at the beginning of the even sectors
{is} average. 5o it therefore rasges in the first
from slowi(est) to the mean,

and imn the second it ranges from the mesn Lo the
imaximum) speed, and in the Ehirﬂ froe (maximum)
spead

to the mean, and in the fourth from the mean to
slow(est). And of them (the types) iz the equation,
which 1is dncreasing in the odd sectors ranging from
little to much, and in

Lthe —even sectors diminishing, ranging from much to
littie, that is, in the epicyele.

And the case of the equation in it is like it (in the
deferent), I mean, it is increased in the two odd ones
and diminished

in the two even ones, and from it is the computation
which is, im the first and second, diminished because
the

true longitude then is less than the mean, hence
(there is) the necessity of decreasing the equation,
and in the third and fourth

(it 1s) increased because then the true longitude
exceeds the mean, hence (there iz) the necessity of
the increasse of the equation. And of them (i.e. the
Lypes)

is. the number which, in the first and second, is
inereased in it, and in the remainder deficient. And
thiz was

because of the two rows (or columns) of the number and
Lhe depression of one of them and the elevation of the
other, and because of the dincrease in

the nearness to Lthe earth or because of the increase
in the numbers which estimete the magnitude, or some-
Lthing like that.

And this includes the sun and the centers of the epi-

eycles of the planets.




68:13

69 :

14

15

P

&n

TRANSLATION

However, as for the epicycle, its explanation
should be freed first from the motion of its
center. And when we imagine it quiet amd the planet
on the perimeter moving,
the situation of the moon im it will be like the
situation of the sun in the deferent.
And its motion in the higher segment will be seen (in
@ direction) opposite {(te the signs) and in the lower
segment
@long the succession (of the signs.) But the situation
¢f the planets in it will pe contrary to it (fi.e. the
moon) .
I mean, in the higher part along the succession and in
the lower {(one) canirary to the succession.

And if then the motion of the center is combined

with it, and it 45 always along the succession,

conditions will vary according to (the relation)
between the two motions, and the {higher) speed,
for the moon will be in the lower part, but for the
planets in the upper part because of the addition of
the two motions,
I mean the motion of the plamet and the motion of the
center (being) in one direction,

However, in the upper part, for the moon the twao
motions have different directions:
and what echaracterizez the motion of Lhe moon due to
the deferent goes analogously with the motion of the
center.
And hence there results a decreass in the motion of
the moon from Lthe motion of the center, and that
deerease
is a reason for the slowing down. And becsuse of this
the increments and the decreases in its sectors become
like what
has preceded in (the case of) the sun, and I pneed pmot

repeat it.

|
&n
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However, in the lower segment for the planets,
their motion im it (is them) contrary to
the mortion 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 motion of the center, it does not
differ froz the moon's necessitated motion in
the upper (part} of its epicyele being impelled to
slow down. And when it is equal to it
it necessitates stopping, because of the equality. of
the two motions im two (opposite) directions. And
when it iz more (than the other)
and contrary to the succession, there¢ can be nothing,
after stopping, other than to retrograde. So the

of the planet will therefore be forward in the first
and fourth sectors.

However, im the fourth it goes from slow to fast,
(velocity), while in the first
from [asi to slow. Moreover, im the second sector
when it is before the first stationm
it 15 in forward (motion), and tendiog to slow down,
and after it it retrogrades, tending to speed (up,
beckwards) .

But imn the third secteoer, (when it is5) 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 dim it. And the relatiom that
B}nn] be He praised!, has set betweem the wmotion of
the sun and the motions of the planets
in the epicycle conmects the matter of their retrogra-
dations with the sun.

But the ancients did mot portray this retrograda-

tion with its true cause (&8s arising) im the eccentric
orbit
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or the eplevele. Perhaps they did not (wani Lol
picture it for their public in a way that would be
hard for them to understand.

And so they explained it to them as (being due to)
halters jJoiming them (the planets) to the sun. Apnd
Lthis is why their followers have claimed

Lthat the slackening of the planet's cord s in the two
odd sectors,

and its [tightening] in the two even (ones). And they
have assumed that when this halter tautens and
tightens, it moves the planet

from its direction while retrograding, and whensm it
tightens another time it drives it from retrograda-
tion

ta direct motion, and that is by etiraction and
glackening. And this (opiniom), silly as it is, might
be assumed in the case of Venus

and Mercury (to be) like a swing, pulled by a rape
froz the extremes of its swinging

oen both sides.

But in the (case of) the sguperlor (planeis) 1
wish T knew how Lhe halter could be egqual Lo Lhe
amount of
Lhe first and the second stations. And how does iLs
tightening at them incresse after being tauwt, where
nothing
beyond this can occur except breaking and severance?
And if the tightening has moved it from direct motion,
how ¢an it incresse after 'it; and why does the rFelro-
gradation not persist with the slackening of the cord
after its tightening?

However, the situation of the equation wilh these
sectors is as what preceded with the spogee (sectors).
I mean, it is increéased in the first and the second
gnd decreased in the remaining (ones).

But the computation is the reverse of what
obtains in the (ecase of the) deferent, I mean it is

inereased
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in the first and second sectors and decreased in Lhe
remaining ones. In the matter of

light and size there follows for them what has per-
tained 1o the spogee sectors. They resemble in it the
latitude in

the quadrants of the inclined hE-.:fn.rﬁn1 thus it,
{starting) Ifroz the ascending node, in the two odd
guadrants will be

inereazed, and deficienmt in the two even (ones). So it
will be ascending inm the first and fourth guadrants

in both of its directions, and imn the remaining ones
(i e.,sectors, it will be) descending in both of them.
And resembling it are the gquadrants of the eelestial
sphere a5 well as

the horizon. Thus the first quadrant is from Lhe
ascendant in the direction of midheaven,

and the third quadrant, which s opposite it (is)
increased becawse of the coming of the day in one of
them and the coming of

the night in the other, and because of their approach
towards the meridian. And the half

which has the ascendant in its middle might have been
called idncreased totally because of its rising from
Lhe nadir

toe the =zenith, and the other half (might have been
called) diminished. S0 these are the divisions
of increase and decrease asccording to those who use

them in both professions (astronomy and astrology?).

Mention of the Thickness Tranmsit

Since the distsmnces of a planet 1m  its two
heavens differ, there being for it a greatest distance
and # nearest distance and @ mean distance, which
(latter) is the mean of the (other) two, between those
{are) distances of various magnitudes

T




d

=4

THANSLATION

by combination (of the effects of the two heavens) and
individwally. Any planet which is nearer to its
farthezt distance in its sphere is defined as
transiting over that (planet) which is farther Lhan
{the first) from its farthest distance in its sphere,
even Lthough the order of the sphere of the one tran-
siting over (is) the inferior one. And when Lhey
become équal in

nearness from the farthest distance neither of Lhem
will transit over the other. And it was sald Lhat
they follow

s single ecourse, regardless of the difference in the
order of thelir titwo spheres. Sp it is evident that

those who agree

upon this arrangement have not considered in it below

or above absolutely or additively, but

relatively (with respect) to the distasces. Since if

thevy meant the absolute, the one having the inferior

sphere would méveér transit above the one of

the higher sphere., And if they meant the additive,

then let the centers of the two heavens of the planet

be imagined as

concurrent. There would then be for them in the
transit no sdditive above or below either,except after

equality of the two heavens. Because if they were
different, then let the planet of each one of them be
in its apogee or each one of them iIn 1ls perigee where-
upon there would be no alternative to the

tramsiting of the one with the wider orbit over the

one wilh the narrower orbit. But since Lhe matter

is relative, they would revolve together inm their paths,
meaning that each one of them

in its orbit {is at the same distance if there is

assigned to the farthest distance s fixed number which
does not vary.

And if the case ls so0, the matter of the transitl
becomes suspended (i.e. indetermimate); perhaps the

planet in
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both of them (i.e. both the deferent and tLhe epicycle)
is descending, those being dependeat upon the uwnmodi-
fied center and the true snomaly.

Or perhaps the planet is ascending im boih of them, or
descending in both of them, or in one of Lthem

ascending and im the other descending. Then the
gscent and descent (may be) egqual and in agreement,
which is rare; more commonly they are differeat and of
two kinds, one (to be) added

to the mean distasce =0 that the first and fourth
seclors will be

ascending and the remaining ones descending. The
other (type is) related to the apogee amd its opposite
Lpoint)

s0 Lhat the first eand second (sectors) will be
descending snd the rewsiming omes asceading. And to
Lhis

Lhe users of Lhe trassit, bhave referred, especially in
their operation of projecting the {asirological) rays.
50 they consider

the mean (loagitwde) of the plsesets falong) with their
true longitwde, and whea they find it less thanm the

true loagitwde they claim

that it is descending, a2md whea it is wmore thas it

they claim that i1 is ascending. Amd because of the

equaliiy im direction of

the epicycle centers of Veams, Wercury, amd the mean

pozition of the sum, Lhis consideration

for the 1twe (isferior plamets) is by dcomparing) the

mesn longitude of the sunm and their trwe longitude(s).
Perhaps i1 is according 1o eme of 1the zijes of

the Hindus and the Persians im which

Lhe meanm {(lomgitwde] of each ome of them is the sum of

the mean of Lhe sum and its (own) anomsly. And if the

differemce belween the mean (pesition) of the fum and

its meam, wmeaning 1de meam of the planet, is takem,

d#ccording
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to what is in some of the books, there results the
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 il ascent and
descent inm the epleyecle are determined through it.
Then, even if
Lthe excess by which the true lomgitude exceeds the
mean or lags it were resulting from a
gimple single equation, this consideration would have
been Suffi-tj.L'ﬂi, but it s (in fact) compased of Ltwo
equations, one of them
from the deferent and the ether from the epievele. So
there may result for it one amount.
And the planet for one of the two of them might bLe
increasing by computation, and in the other deficient
in it, and then the two (might) go by cancelling each
other 50 that the true longitude would neither exceed
the meéan nor be less than it.
But this would mot be an indicatien that it is not
ascending or descending.

Moreover, the true longitude might be in exXcess
by two equations in those two directions,
differing in usage (i.e. sign) and unequal in magni-
tude, 50 Lhat the excess would result from Ctheir
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
Bn equation (in) ome of the twoe direestions oanly,
without the other. But in the difference between Lhe

mean (loagitude)

and the true there is no indication of & techmigue faor
that or of detailed knowledge sbout it.

And here Abu MaSshar's foot alipped after he had

eentlioned what we have just said.

Bl
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That is that he added the maximum deferent equationm Lo

the maximum epicyclic equation

and made half the sue & basis for the conzideration of

one of the two of them in the determination of the

planet's position.

He sdded them if their increases were together, or if

they decressed together, &nd he took their difference

if

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 claimed the planet

was ascending, and if it were less tham it, the planet

was descending, and

if it were equal to it, it was st its mean distance.
And let ABJ (Figure 13) be the heaven of the

apogee, with center Z, and the center of the universe

H,

gnd the midpoint between them T. And it iz evident

that 'B is (at) the mean distance

in the deferent. And let the epicvcle [pass through)

it when its center iz at

one of the two points ﬂﬂ (or) D. So it iz apparent

that if the planet were al B,

it would be in the mean distance in both heavens.
But, since Abu Ma®shar used the maximum eguation

of the center, we

dropped, to (fix) its position, HK normal to AJ, and

let the epicycle center be at it.

And we extended HHY tangent to it, and we made angle

KHL egual I

to angle [J]ZK. So arc YL of the parecliptiec (is)

équal to Lhe sup

ef the maximum equation of the center and the maximum

epicyelic equation, spproximately, and that is (becau-

se )

the position of the maximum equatiom of the epicycle,

by verification, is point H. However
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the equation of the center there is inaccurate, and
hence it 15 lmproper Lo add both equations at one
.:'-;.'-L:'i-1
they being at their maxisum magrRitudes. Let us bisec

each one of the {(two) angles YHE (and)

KHL, &nd then the sum of the halves will be angle THET,
gnd it is the base

which he put for consideration.

But Lhis operation of his is irrational, in which
he erred because this base was pul for Lhe mean
distance,
gnd (he makes) the incresse over it the ascent,and the
decrease below it the descent. For, lel the epicycle
be at 5, and it is evident that ©the ecenter &t it
which |.‘=~ angle ZS5H, 15 capable of beilng
equal to halfl hﬂﬁlﬂ ZEH, or less than ilt, or more than
it
And If it equals it, and then there is added to it < |
equation from the epleycle in its lower part,
it (being) greater than halfl angle HH[Hj‘ the sum will

be in excess of the base.

Figare 13
(p- 76 of fc;{}

B3
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And it indicated the ascent of the planet which is
descending in the epicycle even though, under these
circumstances,

point S might be between the Lwo points J (and) K, the

sum would be in excess (i.e., positive) and the planet
in baoth orbits descending, becauseée he put &sscent
relative to the mean distance and descent relative to
it. And if the planet is at point M,
wilth no epicyelic equation, and angle Z5H, which in
our case fegils Lo ]

equal the base, then (the rule) indicated descent of
Lthe planet whereas indeed it had risenm Lo

the epicyclic apogee and the center had not moved (at
all) yet. However, the mark of the planet being at B
and its opposite, which two gre at the mean distance,

so if he had added the arci(sine) f half the eccentri-

to ninety, and took by (CLhat) amount the equation of

Lhe center, #nd added 1L Lo Ltwice

the arc (s5ine) of o fourth the diameter of the
cplcyele, which is approximately eqgual to the sum
of the meximum equations of the spogee and the epicy-
cle, and made them the mean distance at D

and its opposite (point) on the other side in the
Lthird sector, the sum

of the two equations would be messured by them if boLh
increased together or diminished together.

And he takes also the excess of twice Lhe &arc
(sine) of one quadrant of the epicycle over the arc
{51ne)
of half the eceentricity, which is approxieately equal
to the difference between
the maximum of the equations in the two orbits; and we
make it an indication for the mean distance at D and

its opposite (paint)
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in the fourth sector in order 1o mEasure by 11 Lhe

difference between Lheé two parlial equations if vae
ol themr

i in excess and the other is deficient.

And he had then made very many artifices for it

which were of no

for it except considering the & tion in each une ol
the two orbits with respect to the gréedtest one 1n al.
And it is computed at the positien of the extremse of
Lthe equation (&5} 4 mean distance . Because one wha L5
betiter than him,

namely AbT Ja®far sl-Khazin, omitted this or it ]
evaded his attention, and his evading af it ig the
moreé proaeble [oT him In this Fltusation h
rentioned it im the Safa’ih ZTj. And he criticises
AbE Mafshar's saving Lhat, “Some of Lthe asncienls
des)ing with the profession of Estrology

"sought knowledge of the planets, bul nmol many of Lhem
have determined its truth, but we have considered 1f
L "

untll we have extracted it ond expl ned 11 and  pul

it in owr 2Ij™. And AbT Juffar
expresses his acazemenl ai him because he did not add
to what hes already been done DY those who preceded

him except in expleining some of the numbers wsed in

11
a5 wWhat we shall in deLail. Then he savs Lhal
there resulted for Abu fa%shar the sun®s chord

and scecording to its amount il escends 1ln the elher,

because iLs & and deseent froe its mean distance

from Lhe earth s sccording to the magnitude of Lhe
sine of the rotal equation, which is equal to Lhe

eceentricity.

So the ratio of the equation to its maximum becomes

egual to the ratio of what belongs to the poesition of
that equation
in the chord to itls maximum.

And we will make [t elear for him from what

results for the partial equation, in whichever ane

af the
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four sectors it may be, behold it i at its mean

distance from the earth. For there iz nefther equa-
tion

nor chord for it at this distance. And this from Abu
Je&far-is unsatisfactory. And he 1% Lo be ecriticized

in & manner by which Abu Ma%shar ig not eriticized,

Lecause of the difference 1n rank between them.

S0 we say to him, let Lhe increase or decrease of
the equstion correct it ia the halfl of the orbit
which is related to it, what then will coTrrect 1t
sccording 1o what is indicated by the sector and at

Lhe mesn distance, at which position, in fact i

Lalns aetither Lhe extreme equalion nor Lhe extrece

chord?
And suppose further Lhat the mean distance were at Lhe
position of the extreme equation, and 2o on both sides
in the two sectors (are) two positions @dt which the
egquation is Lhe same and less Lhan ity extreme, ind
in both of them it will be increased or decreased. 50
whist distinguishes between them 50 that (one) can be
led by 1t to distinguish
the sector? Then we ask him &sbout what he said
concerning the vanishing of the equation and the chord
st this place,
which we have egreed with him to be the mean distance.
For they resch ot it their maxieum values.
And what & difference there is between the wvanishing
of & thing and ils atiaining i1ts maximum value (preci=-
more and no less:

But Abu Ja®*far still persists in the sharpness of
which made

his pen and his frequent carelessness

him slip many times &and say what he did not verify.

And Abu Ja®far knows, slso

Lthat if he uses in (computing) the maximum eguation

certain numbers, some of which he multiplies

B
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others, then if these same (numbers)
mputing) the partial equation, sCccord=
elate Lhe Lwa results, Such & thing
coming from Abu Jakfar without his
the ratio. Such H#n -':|IF'1'.|'.!i|.l.'I Manes Lhe
ke Iin uselessness.
urn after this to what we have been
d 54V that the Lelfe ] the i 1 i
ng each one of the Supposed Tay¥s 1n the
5ix planetls
titv, If the planet is st iLs ‘méan
projected from
an position (or proje ctionl, Then il
by its ascent snd it depresses by itLs
xample of this talk of theirs iIs5 Lhat &
first of Cancer, for example, i
position of its mean distance, and (if)
iles fall on the two points of the
of Cancer, provided it is the positio
will it project the light of it LW
right{=-hand si1de}! being
of the Tirst (pari) of Arles, Lhe
into the latter part of Yirgo.
t of Cancer is at the opposite (point)
the right one 135 projeclted Lo tLthe
Pisces, and the left Into
¢ begioning of Libra. And they have
in saying that if the planet
the midd]le of its sector, that is, dts
it sends its light and thus descends;
he middle of Itz sector, it sends its
50 it hastens. And it is evident [roe




ON TRANSIT

sscent will be in the first snd fourth sectaors and

descent in the remeining ones. Bul

they have operated contrary to this principle. That

is that they considered descent a5 belng nerens of

the true longitude

over the mean, and made It ir the first =and secong

sectors, and (ithey made) usscent 10 be decrease of Lhe

fTES :'l|i;,Eu-'|-

below Lhe ,-and that +is ‘put) in the LwWo

ing seclors. Then they made rules 55 Lo Lhe ¢

of the transil.

The meaning o ru-_:"i‘.un]r- of Lhe Lransil is Lha

(distance} which each planegl o f Lhe two rises or
SO jn its orhit.

Becsuse if they become ‘equal in Gscent and descent, 11

is not said of elther of them two Lhat i1 15 higher

than il% partner or ower, Lhat 1t (Lhe m -_1':|.|.J-!-- I

transit) be added bto the truée longiltude 1T 11 315 WErC

than the mean,

ind subtracted from it if less Lhan 11 Thereupon Lhe

gperation of projection of Lhe rays 2s periormed UpOR

the result.

And they may €all it the body of the planet. And the

LT longitude which Wwe haove taken 4s an example in

the first of iNCEr,

i we require Lhat it be grester Lhan Lhe mean, we

need to add the megnitude of Lransilt Lo 1l.

And if we do that the resulting left guartile will

fill st the beginning of Libra because

of s
dal L
LT =1
lpar
dict
thei

Lrue

ending the ray. But the right one resulllng l1alis
he beginning of Aries, exténded. Beecause

1t were sent it would have fallien F R Lhe latiler
Lt} of Pisces. And conslderalicn of their first
um withoul

r woperation requires adding tLhe transit Lo 1RE

longitude for the lefl

ray
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from the 1true longitude for the right vrav. But
consideration of their operetion without their
{stated) principle prescribes depression

of the left one and elevalion of the right, slthough
Mazhallah operates with the left ray,

then he puts the right one opposite it and he does nmof
operate with it,

But <the dnpvestigatien in the matter of the ravs
iz separate fro=m this art, although they have connected
1t to 1%,

Az for the magnitude of transit, it is based on (the
idea) that it is a pert of 5ix parts and one gquarter
of a part of

Lhe difference between the mean longitude of the planet
and its true longitude, I mean, four parts of
Lwenty-five of it. So when this difference is divided
by 5ix and one fourth by multiplyving by

four and dividing the product by iwentv=-[ive, Lhe
result will be what is required.

And AbY MefSshar reloted this about Lhose who had
preceded him, (who dlso) doubled these LW numbers
and performed multiplication by eight and division by
fifiy,

And what I find in the books differs in the
expression of the numbhers and in increasing tLthee
and in doubling the ratio and complicating it. S0 what
Mashallah explained, which is in sgreement with what is
in
the ShEh Z1j and al-Jawzahari's z1j, Is to multiply the
difference by eight hundred
gnd divide the result by three thousand six hundred;
and the quotient iz multiplied by three hundred
sixty and the product is divided by five hundred, and
the result is what is cequired. And it may be
that these people have a reason for imcreasing these
numbers which we do not know, and gatil we determine

(it) we

89




which is limited {in the

3 the ratio of three thousand

hundred, and of the ratio of

ratio of nine Lo LwD,

hundred and twenty-five Lo

becomes twenty-five to four,

13 And Ah? MaTshar used

numbers of the first ratio

sary for it,.
ratio by msking the number

17 for them four instead of two,

twice what

that

ON TRANSITS

fi and that is four and a half,
half a time. And if we divide

8 by eighteen the quotient will
of 1-;||__|h[r-1"|‘|

J oul of one, I mean {(one¢) Lime

15 thirty=-six and fifty, and that

l6 But for the itwo luminaries he changed the first

idea which is unknown Lo uS5,

Bl:l will take it s being a preference for abandoning that

sense that) it has few

nuebers in fsvor of that which has
s many numbers. As for thé (sbove-imentioned ratio for

the determinstion of the required, it is composed of

six hundred to eight

five hundred to

4 three hundred and sixty. But the first ratio is Lhe

5 and the other ratio is the ratio of twenty-five 1o
¢ighteen. And that Is that if

b we divide nine by two there results the ratio between
them reduced to one (in the denominstor}),

I mean four Limes and
twenty-Tive

be one and Seven parls

and @ third and half of

a ninth. And if we esultiply one of Lhese LwO

10 resulting rations by the oLher there resulls Lwo

11 thirty-six, and after cancelling between tLhem it

2 and they are the Lwo numbers of tLhe base ratio.

for the planets the itwo

14 of the two constituent Tatios, two and ninme, and Lhe

two pumbers o6f the oLher ratio,

is twice what is nmeces-

af the true longitude

and thus he ended with

I8 the two produced. Perhaps he was led to that by an

and he imagines from it
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ke Sought 1in his osperation bthe equation due to (the
distance) between the center of the universe and the

center of the deferent, But

the ratio,sccording to him, for the orbitz of the Lwao
luminaries, they (the orbits) being the carriers (of
the two luminaries), have the ratio of two times and
one fourth 3 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)l planets is mid-
way between the center of Lhe universe and the center
of the equant,

he uses half of fowr 50 a5 to get from Lhe equalions
which are engendered at

the ceanter of the eguant, half what he would have
obtained had he used for it

the four &5 it was., HBul the result of that was made
to become what is imposed by the deferent center, not
Lthe

eéquant. And what u resemblance can be drawn between
the person who moves from the simple ratio to a more
complicated one and the person who has

been invited to the happiness in paradise and refuses
te enter except after making the (required) pilgri-
page (to Makka)., But If it is a virtue to complicate

the operation by the insertion of ) intermediary

between the difference and the tequired (thingl, then
it is twice virtuous

Lo ingert two intermediaries, thus having the ratlio
composed of three ratios,

and it would come in eight pumbers instead of siX.
God forbid,

gince inereage in the work is & decrease in precision
and increasing this Is the putting of

ogne burden atop another.

g1
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And in some of the books of the astrologers a

method 15 found according to which the difference is

multiplied by

forty and Lhée number is then divided by & hundred and
eighty, and the quotient 15 then multiplied by
eighteen, and the product is divided by twenty=five.

However, the two numbers of the sSecond ratio

have the same fore (s the previous ratio), whereas
the two numbers of the first ratio {(are) each equal
to twenty times
what idis required, and the result is correct and
unchanged. And imn some of them
the two numbers of the first ratie 4are found also,
multiplied by twenty. But {(in the case of) the numbers
of the second ratio
the first is three parts and three fifths, I mean, two
hundred and sixteen
minutes, but the other (is) five minutes. And this
seems Lo be a zlip of the copyisi,
because when he saw the first number in minutes he
thought that the second is thus also, and 350
he @sssigned the same (wnit) to it. Bul the five are
perts, in faet, &nd not minutes.

And no regard should be paid to the varianmts of

the copies and the errors of the copyists,for Abu <Al

gl=-5ShEhid mentioned

this same thing, but dropped eighty from the divisor
in the first ratio,

and it became one hundred in his edition. And also in
some books of MEshillah

the ihing multiplied im the first ratic has been
changed, and it was made (into) one hundred and sixty,
and that Is four times

the forty, but the divisor im it was left as it is,
that is one hundred and eighty. And they were both
corrupted

in copying some of his books. 5o he made the first
sixty and the second eightv-eight. And they &re

g2
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in the ratio of fifteen to Lwenty-two. And if Lhe
first were sade thirty times
45 much as 15 necessary, it would then be NECESSALY Lo

do the same for the second so that it becomes

two hundred and seventy. And the result of & Lthese
corruptions is bad and they
are different in the numbers.

And al=Farghan] has mentioned, in this connection,
to transform the whole [excess] inte minutes and Lo
multiply
by forty-eight minutes and to divide the product by
five, and the result would be in seconds. And théen
he doubles what remains and multiplies by six, and it
becomes thirds. This agrees with what preceded
concerning the ratio belween four and twenty=five.

For when he took a fifth of

the tiwenly-five, he took also one fifth of four, and
that is (the thing) by which {(he) multiplied (ivr).
And because division is by five and the repain-
ders are parts of it, but sixty iz what is intended
without five, And if twice five is multiplied by six
(it} will be sixty,
and it is the divisor. And we should treat the remain-
ing (ones) thus so a5 to have the vratio ecome back.
And if ke had
taken onme fifth of one Tifth of twenty=five, which is
gne, and separated from four one fifth of its Fifuih,
and that is nine minutes and three fifths of a minute,
and then multiplied what remains by
five hundred and sevenly-six seconds, he would have
reached the first. And he would not dispense wilh
division
by elevating the result sexagesimally.
Also multiplication (is) by fortv-eight minuLes
and division (is) by
five; but what was wmultiplied by twelve minutes had

been divided by five, and it looks as if

93
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the difference s In need of twad wsultiplications: one
by forty—eight minutes, and the other

by twelve minutes; and the product of one of them by
the other (i5) nine minutes

snd three fifths of a minute. And If the difference is
muliiplied by it Lhere results what is required.

and then (Lhe sbove) was found im the talk of Weshallah

about the Book of Conjunciions by

l1bn :-.:-[-5::._”'_.7.

And in Habash al-Hasib's zIj there is a sugges-
tion rruardlnqlthls {and that i#s5) of multiplying the
excess (difference)
by seven instead of the four there, and dividing the
nusber by twenly-iwo instesd
of twent¥-five there, and there results what is
required. And he had suggested in some of the coples
doubling what comes out, whereas halving it is more

relevant, since the result would be close 1o

twice what results from the base ratio.

And 1 do not know from where they have taken this
ratio. It seems as if they had sought by it
to curve 3 straight line snd bend @ plsne. But what
is more strange 1% what 1 have resd is some of Lhe
manusEripls
of the Shah 23] of using the ratio between four and
twenty=-five
for the superior planets and using that between Seéven
and twenty-1wo
for the inferior ones, thus introducing innovations
“gueerer than the croaking crow".

And Ihn Muhammad in his sl-Kafl 27j, has dropped
ten out of the '
tweniy-iwo and made the division by twelve. And some
of those who perform this operation
have composed @ table for the transit from omne Lo
sixty @nd computed it according to the preceding

calculations,
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But there is nothing in the equaltions of the apogee
more tham what there 15 for Mars in the Canon, and
there is nothing in
the equations of the epicvele more Lhan whal there is
for VYenus in the Shah 2Z1j, and their sum, even though
they are not added, is less
than sixty. 5o there 15 no restriction, so far as
these number{s) sre concerned, Lo the assumed maximum
{(size) of the transit.
(And there 1s nothing to explain) with regard to that
except Lo soO¥ that what he pul In the table are the
arguments of the degrees
.-.1‘.|_|':||.r'|j:'ll_': them {Lhe |1-|“._;r:~1':\1'l in the nolumn of Lhe
;,r4_1|1n1|=n1, And if he '|"I"'I_'|i1TI_|:,'\.! Lhegse -:!ul:_;rg-:l:{ ds minules,
{the entries) which correspond to Lhom
in the table are regrranged by putting d Zern aboave
them, they are for their arguments; and if it is
seconds, what Is opposite it is rearranged by putlling
Lwo zeroes above 11, would aglza (ba)
its argument. And the table includes what he needs
for Lthe morning (sic) and its accessories.

However, this magnitude which wus obtained for

Lhe Lransil from the differcnce (which is) combined of

Lthe two equations, was forsaken by Abu MaSshar, wha
took imstead the componenis and performed for each
planet

at 1is maximum equation the operation we have menbion-
ed. And he celled the result the chord of

that planmet, related to the apogee if it had béeen
performed with the eguation of the center, @nﬂ]
{related) to the radius

of the planet if performed with the equation of Lhe
epicvele. And he put them (as) bases. Then he opera-
Led

with the equation of the center and the anomaly each,
{which are)] the two parts in Lthe determination of the

true longitude
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of the planet, Iike 1Lhat operation, 50 Lhat he
obtalned the partial chord for 1t; snd he

divided it by the chord and called the result minutes
of trunsit of the planel from the chord. And it,

in the first sector, is that which, being divided by
the equations,is Lhe magnitude of its descenl from I1ls§
spogee Lo itLs

transit from the chord. So if the mimutes of Lhe apo-
gee equal the minutes of the chord, its transit would
ke

at Lthe beginning of the second sector. And he
subtracted im this sector the minutes of transit [roe
the chord, so there remain

the magnitude of its descent in the chord. S50 If the
minutes of transit are null,its tramsit will be at the
beginning of

the third sector. And the minutes of vLransit im this
seclor measure the magnitude of its ascent and transit
in the <¢chord. And in the fourth (he) subtracted the
minutes of transit Erui} ({those of) the chord, and
there remained 1ts ascent in this

sector and its trapsit in the chord. And it is appa=
rent that he takes of the wmaxisum equation four
parts of twenty=-five of it, and he measures by 1L its
ratie of the partial equatlron,

And the ratio of the part to the part that is named
alter it is =5 the ratio of the whole to the whole.
So either

he did that or he measured the partial equation as it
is to Lthe whole (one) as it is; and what

he got from these chords (is) what we have put in this

Ltable: (Figure 14, on the nexi page.)

And this is AbY Ma®sher's method regarding the
transit of the planet from the ehord. However, as for
the transit of the planels, one ascross anmother, accord-

ing to his description, it will be for two planets

96
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that are together in the two superior sSectors. o
together in the two inferior sectors. But he doecs not
consider it

when one of the two of them is im & superior sector
and the other in an inferior seclor, or for thoge

that differ

in two seclors, even though they are in one direction.
And these are the meanings of his saving in  lhis

zif: "Verily transit between two planets which are in

aspect

"is divided fnto two parts. One of them is that they

be together in (ome of) the 1iwo superior sectors,

“snd the second that they be together inm (one of) the

two inferfior sectors. And that s either inm Lhe

deferent

“"or in the epicycle. So that has four cases

"And their order in strength is that prierity (is)
Lo the superisr deferent (sectors), thenm to Lhe
Superior

“eplicycle (sectors), and then to the inferior deferent
(sectors), and then to the inferior epleyele sectors.

And itz order

l\.il"l'
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“in sirength of aspect (is): conjunction (has) priority
then opposition, then the quartile, then the trine,
end then

“Lhe sexlile, except that the last two are weak, and
the upper one of these two planels,

"which transits over the other is the one nearer Lo
the epicyclic s&pogee. If they become equal, neither
"iransits over the other. And if the lower one of them
becomes lowered by the amount of the minutes of its
body (i.e., apparent dismeter) which are perceived
"hy wisionm as'put for iL im the table of its equalion
in that zIj. Then, if it passes it,

"the transit becomes weak and it goes on getting weaker
and weaker until their two sectors become different,
and Lhem it disappears.”

And this is the gist of his talk.

And in this he is an inmovator and & reconciler
by his dinnovations, since how could the transit vanish
due Lo the difference of the sectors, since the upper
two are precisely those above the lower ones,
and Lhe [dislunce5] of the one sector are different;
and whichever of them is nearer to the epicyvelic spogee
{is) above the one below. But the transit vanishes at
the equality (of the equations?) due to the vanishing
of the elevation (of one over the otherl.
And it is non-zero when there is @a difference and
increases in magnitude with imcrease of the difference.
50, if the transit
is nonexistent, the (distance) between the two transits
will increase, and so it is wmore logical for it to
vanish due to the increase in (the distance) between
the two (heavenly) bodies, and opposition at It
{transit) is stronger than the quartile and it is
farther from it in magnitude
gnd distance,

And what he ought to have dome is the requirement

of the magnitude of the planet is to make it
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(equal to) helfl the sum of the two wmagnitudes, and it
is at the time of tangency, if we imagine them (to be)
in one heaven
he (must) remove from it the motter of parallax, since
he needs it in what relates to it
of wuncovering and eclipsing. But there is no use in
following the discussion sbout
that, and we shall do it when considering his =2Tj, if
God delays our due time and helps us do it!
And there is no doubt but that SUmar ibn
al-Farrukhan and Mashallah are midway
between Abu Ma®shar smd the Persians his leaders. And
their words, whiech are confused and self-contradictory,
are nol worth mentioming, (yet) it is well te state
them for twe reasons:
One of them iz Lo make it known that Abb Mashar dues
not agree with them, and the second is to drive the
réader away from him,
lest he should think well of him, and imagine from its
non-appearance in our talk, thal we did not [ind it.
And so0 let us say what we found concerning that.
Limar said: "™Transit exists only in conjunction
and opposition and the quartile and then it is
weéakened for the
"trine and sextile. And the excess of the true
longitude over the mean is the indication of descent
"of the planet, and being less than the mean is an
indication of its ascent. Then preszent the equation(s)
Tof the two planets te determine which planet iz tLhe

higher in tramsit, and find it for each

"one from the second, deferent (7 jawwi) and chord,
meaning the eccentric and the epicyele, and useé

“each one of them with (its) opposite (f.e., its
corresponding one of the other planet). And if the
planets ascend together or descend together in one
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between

out

90 :3 "of the Lwa <calegories, Lake the difierence
their two egquations for 1t. But if one of them ascends
while
4 "the other descends, asdd their two equstions for it,
and divide the result of that by the spportionment
5 "between the two planets. Thus there will come
the magnitude of the elevation. And the consideration

for it, for each sign (is)
As the
found by

"of each orne of them and dividing the

& "egix. for apportionment between

the

larger

planets, It 18 taking

by the smaller, and what results

8 "is their apportionment.”

9 But verily Mashallsh divided the maximum

of the epicycle and its numbers for each,

10 and we have put both types, inm

arrangements), according to the Shah Z1j,

equations

the

for
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after we changed into sSeconds for simplification.
And it is apparent from *Umar's words that he

divides the orbit, for ascent and descent,

by the diameter passing through the farthest distance

and the nearest distance,and it is one of the (above=)

mentioned opinions

regarding ascent and descent. But iInferring it from

the situation of

the mean and true longitude gives a different and

invalid (result). For the difference betweéen them may

be in enly

one of the two heavens, or it may be compounded of the

sum, in agreement in both of them, or the difference

of two differing (categories).

Hence, 1t is necessary Lo define ascent and descent

for the deferent by what Iz between

the mean and the adjusted center;and for the epicycle,

from what is between the center and the

true longlitude. Bul the deferent differs in this
sense from the epicycle, if

the motion f§s from fts epieyelic apogee along (tLhe
direction of) the succession (of the signs).

And it is5 known from his operation that he uses
the egquations Lhemselves without tLtransforming them
by an operation which was previously (explained)
regarding the dependence of the composite ratio in 1t,
and Mashallah f: 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.

Let the worbit ABJD (Figure 16) be divided by the
sectors, AB, BJ, JD (and) DA
into oquadrents, approximately, since this is not the

place for precision, @nd the equation of the center

according to the Hindus snd the Persians (is) divided

at the quadrants of the orbit. And we extend AH[J].
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{is first diameter. 5o the apogee will be A or (it
will be) the epicyelic apogee; and BHD iIs its second
dismeter.
And let the succession (of the signs bel from A
towards B. And iIf we regard it as
the epicycle of the planet the true loagitude will be,
in the semif{circle) ABJ, in excess of the center (i.e.
the mean lonpitude or @nomaly)
while in the semi{cirele) JODA less tham it. But if
we regard it as the deferent (of the planet) the
center wili be less than the mean in the semi(circle)
ABJ and more than it in
the semiicirele) JDA. And the equation in both orbits
is
ineressing in amount in the quadrants AB (and) JD, and
diminishing in the quadrants BJ (and} DA, and that is,
zpmong
the people, computed by the (method aof ) sine

And we have alresdy mentioned that there are Lwo
opinions regerding ascenl e&nd descent. One of them
considers ascent (to be) In the semi{ecirele) DAB, but
the other considers it (to be) in the semicirtcle JDA.
cg let Z, & point in the first quadrant, be the posi-
tion of a planet from which we messure
the positions of the planets. And we let planet Y be
wilh it in (the same) guadrani, and we drop from them
the two perpendiculars ZH (and) YK, and their Ltwo
transits (in thickness) uila ba at the two points H
(and) K,
approximately, because the @sccurate determination
would be to draw, with the center of the universe a5 a
center and ithe distance of each
from Z (snd) ¥ (respectively) as a radius, a circle

(mugir) such that their ends will be at the dismeter

AH{J] apd their two transits will be on it.
Whereas amccording to the first opinion, their
ascents will be HH (and) HK. And HE
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the elevatien, is 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 difrcrunc; {of Lhe disnnnces; which

are between thee.

G0 dif the maximum equations are equal (?) for both
planets, and in addition let its (what's?) position be
at
epicyclic apogee,so that the argument of planet Z will
be more and the argument of planet ¥
less, it would be in agreement with the law of eleva-
tion, simce it is the one having the gresater equation.
Bul
the sctual sitwation is contrary to this.

And because it is possible that the total (i.e.
maximum) equation for plamet & 15
greater than the total wequatiesn for planet ¥, the
partial equation(s)
may be equal in amount al Lhe two positions Z ond Y.
and even that
at position Y, might exceed that at position Z, even
though the two total (equations) were equal,
as well as where that for planet ¥ is greater. But
this is contrary to the law
for the elevated (ones). #And the ratio of the diffe-
Fence between Lhe two equations, at it, i Lo Lhe
amount of elevation
a5 the ratio of the greater of the two total equatlons
for the two planets is to the smaller. HBHBecause
in apportioning, when the greater of the two total
{equations) is divided by the smaller there resultLs
the ratio
te unity of that ratio. And due to this we do not
gultiply the difference between Lhe 1Lwo partial

Bguations
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by the fourth of the magnitudes, because it is one,
But he (Mashallah or *Umar) divides it as it is by the
next (number in the proportion), which is

the aspportioning lcoefficlent). And the method is
satisfactory dif the excess i1s to the equation of the
I.\_;rll':

kaving the greater total equation, but if the excess

is for Lhe

equation of the other one

it Is not satisfactory.
And we are now investigating (that) opinion which
coincides with elevation, which is one
¢f the two opinfons regarding ascent. 50 let us
suppose planet L (to be) in the fourth quadrant
apagie
Tl ]
L=t SEL e
I iy
Y 7 -
=l ) 15
i IH
\
&gl 1T
c 5 : —~
Figure 16
o (7. 95 of text)
periges
and itz transit will be st K and its ascent HK,snd Lhe
elevation of planet Z over it
meéan the difference between Lhe Lwo ascenits.

{is) HE, 1

However, according to the latter opinion

It will ot hold, because the descent of Z (is) AH,

agnd the ascent of L (is) ’L.Flh,

But HEK is not the difference between them unless he
calls AL, which dis the supplement of [J]L, the
descent for it, 5o that the magnitude of descent will

be {egual to) AK,end we make the required condition as
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ascent for (that?)! one of the differences (determined)
with the agreement of the property (i.e. having the
same sign) at its leg. Then we suppose the planet
in this guadrant (to be) ar M, snd thean itz transit
with Z will wvanish because of the equality of their
equations.
And the elevation of planet M over L will be the
magnitude of the excess @Hi
and that is because of the agreement of the two
planets M {(and) L in the property of ascent. And Lhus
is the case
for any two planets found togetherc in one quadrant,
sccording Lo the rule of the operation. Then we
Suppose & planet
(to be) at © in the second quadrant. So its transit
will be at S, and the elevation
of planet Z above it (will be) HS, which results from
adding the ascent HH to :
Lhe descent HS, and verily it iz in sccord with Lhe
[irst ﬂpiniun.r

However, according to the other opinion, in which
case Lhey agree in descent, with =the condition
for its walidity being the taking of the difference,
it is possihle that HS be the difference hetween the
descents )
RU {and) AS. But if the descent AH occurs at the equa-
tion of Z, I
then aL the equation of *, the omnly thing that can
result is HS, and HS
does not result fr;m the difference between AH (and)
US unless the sum of the two equations of
Z (and) © is ‘subtrscted from the sum of their two
total equations, and then we divide the remainder by

Lhe apportionment.

And sccording to this opinion, if the excess is

for the equation of % over
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the equation of Z, (it) would be the elevated {onel,
and it is the lower one, and (it is) the measurement
of what is in the quadrant DA.

But the csse in an opposition, and (what! §{% between
1he planets M (and) T of elevation

is IS, which, accordipg to the first opinion, is the
su:lnf the ascent of M and the descent of €.

And the latter opinion requires addition also, What
on earth justifies

their addition? For the ascent of planet M is JH, and
the descent of .
plamet © iz AS. And it is necessary here Lo ge back
to the first opinion and

te take ascent from diameter BHD (as) towards A, and
descent

froe it (as) toward [J1].

And after stating this we go back te the confu-
sions found in the books of
Mashallah,and we mention them with their difference(s,
l.e. their variants). Though it is more probable that
their cause
is the faults of the copyists and the ignersnce of the
USers.

And he said in his fifteenth book{(?), "0On the
like what was said by Ibn al-Farrukh@n. And he took
also, in @p example for Jupiter, one part out of six
parts
ind one quarter of a part of the difference of what is
between its mean and its true position. And he added
It to its true lomgitude
if it was descending. And he derived the required
magnitude of the projection of the rays by the opera-
tion ascribed
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to him, except {for) the opposition, which he Look at
the true opposition, unmodified.

And it iz apparent Lhat this iz in acecordance with
the second opinion. But when it passed this position
he claimed that the planet (is) ascending in the [irst
and fourth sectors, and descending in the rest.

And this is in accordance with Lhe first opinien. (Even
this would not have been 50 bad) had it noL been
followed by a confusion, which is

his saying that that is for the three superior (pla-
nets), whereas the 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 luminaries
share with them

one of Lhe two of them. And no matter how ascent and
descent are taken, they are all

the same, and not differing except by the magnitude of
the sector because of the variation of the magnitudes
of the

totsl equations.

And if it is said about the true longliudes of the

sun and the moon, and about Lhe adjusted center of Lhe
planet,
that if it becomes less thanm the mean, Lhen it iz in

#ither the first or the second of

the deferent sectors, and if it is larger than i1, it
would be in one of the remaining ones. But if the Lrue

longitude of (ome of) the planets

15 larger than the modified center, the planet will be
in either

the firzt or the zecond of the epieyeclic seetors, bult
if it is less it will be in one of the others. Ascent
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and descent were defined by those who take them from
the first dismeter, 1 wmeanm the farthest distance
and the nearest distance,

However, according to those who take them from
the second diameter, I mean the two mean
distances, they would not be determined except by compa-
rison between the unequated (or unmodified) center or
Lthe equated (or modified) argument
and the magnitudes of the sectors as set in their two
orhits.

Thus this statement of Mashallah cannot be
interpreied except 85 meaning that
ascenl and descent are im the deferent for the three
superior (planets), but for the two inferior (planets
they are)
in the epicycle.

And what folleows 4din his book dis still more
coRfused. For verily he seid: ™As to the transit of
the inferior (planets),

"they are up to six signs attracted from the orbit (or
circle, mantaqs) downward, snd in what remains they
are ascendi;g."

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

Then he explained in detail what he had said im =
concise way, saying: "As for Venus, up to four signs
"and a half it is falling from the downward, and up to
six signs ascending from
“its fall from Lhe mantaga,and up to seven signs and a
half ascending above t;e mantaga,
and up Lo twelve signs dusn;ndinq from ascent (down)
to the mantaga," And he mentioned (what is) like it |
for :

Lthe seclors of Mercury with their magnitudes. And it

could hardly be imagined from the ascent in the second
seclor

and descent in the fourth except to replace by it the
maximue equation, increasing

108




TRANSLATION

to an extreme (value) for descent and decreasing Lo an
exireme for afcent 20 that ascent will ececur in the
second

and descent in the fourth, according to, he says,
decrease froa the extrese,

or recession from thiz (decrease), and this, praise
God!, (makes) a third opinion.

And he said, concerning the itwo luminmaries, that
up to six signs they are ascending above the mantaga,
and in all that remain (they are) descending, I

Then he explained the whole matter im detail alsao
that up to three signs they are sscending, amd up Lo
$ix descending from ascent to the mantaga. And up Lo
nine {(Lthey are) descending from
the Eiﬂfiﬂi downward. And in what remains (they are)
ascending from their descent.

However, the usage of quadranits is due to what | we
have previously mentioned about the Hindis and the
Persians on
cutting (i.e. determining) the kardajst of tLheir two
equations -snd Lhe equation of the center at the
complete quadrant.

Generally speaking. the {first opinion (is main-
tained). Bul in the concise part {of his statcment he
agrees) with the first opinion, because decrease
in the equation, If it idndicates ascent in Lhe epi=-
cycle (it) occurs in the third
and fourth epicyclic sectors, whereas with the defe-
rent (it) oeeurs in the first and second seclors.

Whereas in the details he assumes the second
opinion. And how strange is this of him,
since his doctrime differs as between Lhe stummary and
the details. Thereupon, in what comes after that,
{he) said: “If the conjunction exceeds one minute,
“"the transit becomes weak, but (it is) strongest when

it is in conjumection.
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"However, in departing it is weak." And this, frem him,

is an indication that he considers a transit inm
being

"Then if it

opposition as in conjunction, with the sectors

being different. is receding, it

“becomes weak because of recession (insiraf), not

because of the wvaniszshing of the tramsit, since its

vinishing (implies) the vanishing

“of the elevation, which occurs only at equality.”
The place where Abu MaSshar fixed the Lransit,

which does nol ocecur excepl At

the place where he made it weak or null, is contrary

to what (most of) the people do about iL.

Washallih was kind enough to produce an example of Lhe

vesr-transfer in which the tranzit passed from the

earth tripliclity

to the air (onel, and 1L5 horoscope was (at)] two
thirds of the sign of Leo, and Jupiter was in

Virgo in twenty-two degrees and forty-four einutes.
Saturn (was)

in Libra in nine degrees and eight minutes, and Mars

{was) in Pisces in fourteen degrees.

And there is no use in meantioning Lhe positions of the

inferior (planets), since he did not use them,
@8 If their strength in important matters is little.
And because Lthe conjunction is in reception and Mars

(i5) going Lo be conjunct with Mereury and the sun

with Saturn (he) made some as elevated

over otherrs, his opinion regarding it (being) diffe-

rent from that of Abu Ma®shar, (which is) te fix

the tramsit between the two (planets) in conjunction,

even Lthough what is between them became farther in
degrees. And he changed their two places
In the 1wo sectors, explaining that the weakeming of

the transit will be by recession, and its wvanishing
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by nol being in aspect oI relation. He started with
whart is between Saturn and Jupiter. So he decreased
the jewwi of

Saturn, that is its [apogee]l from its true longitude,
and he claimed that the tabular entry opposite the
rémainder is four hundred minoutes

descending in the sector.

However, the apogee of Saturn in the Shah 2ZT) (is)
two hundred and forty parts. So the remainder would
be
three humdred =&nd pine degrees, and eppoesite both in

Lthe table of the equation of the center

for Szturm (the entry is) six parts and thirty-five

minutes. And that is near to what was menllioned.
Because
this remsinder i5 not from the unmodified center, (i.e.

it is from the adjusted center) so that thisz item will
also be
its equation in realicty.

It may be that his operation in getting the
(above=)mentioned minutes was thal he
took with the distance of Saturn from the sun, which is
opne hundred and seventy degrees and
fifty-two minutes, the equation of the argument for
Saturn, and so it was ome degree and eight minutes,
gnd he subtracted it
from the position of Saturn. So (it, the position)
became one hundred and eighty-eight degrees, and it is
approximately Lhe
modified eenter. Then he subtrected from it the apogee
and took the Equatinn of the center of Saturn with
what remainde,
and it was six degrees and forty ome minutes, as they
{the wusers of the Shah ZTJ?] mentioned. And he

subtiracted it
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from the center and added the apogee Lo the remainder
and got one hundred and eighty-one
degrees and nineteen minutes, which is the approximate
mean position. And the excess of the true longitude
over it implies
descent according to what preceded im his operation,
But @ part owt of six parts and one fourth
of it will be seventy=five minutes, and zo 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
SectLor.
Anid Lthe adjusted center is more than the unadjusted,
and it is therefore descending in ft, Then he put
Jupiter in the position of Saturn, because it is going
to be conjunct. Bul when Lhey become conjunct he
Lakies
their {(common) position. And because of this it would
have been better to perform his cperation upon both of
them at the part (i.e. loagitude) of the conjunction.
And then he diminished the apogee of Jupiter, which in
their ZFj {the Shih) is one hundred and sixty parts,
from the longitude of conjunction |
and claimed that it is replaced by one hundred and

forty-eight minutes ascending from the sector.

And that is equal to the tabular entry opposite the
réemainder, which is twenty-nine degrees
and elght minutes, and it (the entry) Is two parts and
twenty-eight minutes. And on separating out the two
gquations,
the equation of the center will be approximately two
parts and nineteén minutes. Its ascent
Lis) in @sccordance with the second opinlom also
because it is in the first sector.

And since Saturn and Jupiter differ in character
(i.e. sign), he added what minutes they had
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and divided the five hundred and forty-eight minutes
by the apportionment between them,
according to him. So there came out (for) the eleva-
tion of Jupiter over Saturm five parts and twenty-
eight
minutes. And he attempted after that Jupiter and Mars.
As for Jupiter, he diminished
its apogee from its position and claimed that it gets
sixty-seven minutes above the sector.
And thet is close, because the tabular entry opposite
the remainder, which is twelve degrees,
and forty-five minutes, it one part and nine minutcs.
And by taking the difference between the two equations
the equation of the center will be one part and eleven
minutes.

As for Mars, he put it im the place of Jupiter
and subtracted from it its apogee,
which is one hundred and fifteem parts. And (he)
claimed that what it is is five hundred
and sixty-zix minutes below the sector. And that is
not far (off) as the tabular entry 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 parts
and twenty-seven minutes. But the difference between
the two equations is far from it.

And because of their difference im character (i.e.
sign), he @dded what {fs for it and divided the six
hundred

and thirty minutes by the apportioament 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 is from the

side of its position from its apogee, regerdless of
the position of Jupiter im which he placed it. So
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from there it 15 ascending, and by elevation by
[subtraction], not by addition.

And becuuse of this, one might think from the
word of Mashallah that 1 put
Mars. im the opposite (point) to that place that he
means (for) the position of Jupiter, and that he put
Mars in fourteen degrees ol Pisces. But had he done
{that) the equation would have come out for him (as)
Lthree parts and one fourth. And if he had it im
opposition to Jupiter as Lwenly-two degrees
and forty-four minutes of Pisces, the equotion would
have come out for him as seven
parts and a half. And had he put it in opposition 1o
itselflf, in fourteen degrees of
Virgoe, the equation would have come out for him as
sSeven paris and one minute,

But all these derivations are far from the
(above=)mentioned minutes,
And sfter that he worked on Lhe sun &nd Saturn. He
had alrendy finished with Saturn in {ts position,
50 he placed the sun in dits (Saturn’s} place and
dropped from it its apogee, which is [eighty] parts.
And he explained that it is one hundred and twenty-
five minutes below the sector: it
15 dn sgreement 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 two parts and
six minutes, and he did not use it as being in the
first (point)
of Aries, I mean its (proper) pluce, nor in the first

tpoint) of Libra, I mean its opposite (point) in the

sign of Saturn,

because its equation &t both of them (is) two parts

and len minutes. And what 1 had predieted, as to its
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for Mars was true, since by wmeasuring its position
with respect te its apogee it is descending, I mean in
Lhe

fourth sector with its mean less than the true longi-
tude. And by measuring the position of Ssaturn rela-
tive to its apogee, it is

in the second sector, ascending. And due te Lheir
agreement in character (i.e. 1in sign) he took the
difference between them.

And it (the excess) is for Saturn. And he divided the
two hundred and seventy-five minutes by

the apportionment between them. So Lhere came owl one
part and ten minutes and it is Lthe elevution o Saturn
ihove

Lthe sun. And the sum of what he got from Lhe eleva-
tions, (is) eleven parts and twenty-six minutes,
Its duration, by measuring the :usxTr, is eleven years
and five months

and six days. He worked backward on it Lhe two hundred
and forty years

which are for the ‘transfer of the tranmsit. And he
arranged them according to the strength(?) and tLhe
witnessings

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

the transit as fixed in Dbetween the two conjunct

he sees ils weakness by recession,

Ve

planets, an
and dts wvanishing by falling, even though their
magnitude might be small. And he follows #s to ascent
and descent the second opinion and not the first. And
thus T have made known the aims of the people
in their operations,

S50 let us put now im = table what has been

mentioned of the requirements of the sectors,




ON TRANMSITS
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And if the different opiniens and the confused
operations in this respect are resolved,
the wisest thing is Lo determine the time when the

planet advances its distance from

the earth, and the Hindus call it the modified hypor=
eEnuse.

And as an example, let ABJ (Figure 1B) be the
deferent with center D
and H the center of the universe and T the center of
the equant. And lel B :
be the center of the epicyele, and K the positien of
the planet on it. And
KH will be this modified hypotenusc, and it is irts (the
planet®s) distance from the earth. And Dbecause HIE is
the hypotenuse of & right trisngle with
lll"ﬂS BZ, the sine of the unmodified center, and ZH Lhe
casine of this
center, having added Lo it TH, the eccentricity, or
diminished from it )
as required by the situation, or (whenm it is) devoid
ef increase or decrease im a third, {(when) the eccen-
tricity is

[

partitioned for a faurth, 50 HB will be known, usnd F¥

is

Figure 18
(p. 106 of Lext)
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the modified anomaly. And dits sine, KH, is known in
units such that [B]‘ is the total sinme. v

Aasd if it is cooverted 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 1

from it according to what is required by the situstion,
HH will be known, and KH, the required dismeter

;iil be its hypotenuse, and that of KH. So it is known
and its ratio to y

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
positive or negative elevation. And by comparing one
of them with the other their transit will be determined

a5 Lo whether it is im ome path,

or whether one of them is elevated above the other, and
the magnitude of the elevation, because what was done
iz from one magnitude.

Az for the latitude of the two planets, if they
are equal in one directionm, the
elevation between them will vanish due to its tramsit
at one small circle (of latitude?), but if they differ
the elevation between them Hi]].o:cur then. They are
in the condition of equality if ome of 1h£m is
8t the extreme of its latitude and the other increasing
in letitude. Amd there 1is no doubt but that the one
increasing is resdy
for elevation. And if the one that is inm excess were
decreasing it 48 more 1iable for the contrery of

elevation amnd its weakmess. The preceding base (of
computation) is not followed for it which makes the
ratio of the latitude
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of each one of them to the extreme of its latitude as
the ratio of the required to one, zo that
they would be transformed to one scale (for compari-
g§0n) . Such a procedure might give the highly elevated
one ag the depressed one.

As for two plamets which are at the quadrants of
the heaven with respect to the horizon,
if the ratio of the times (azman) of each one of them
from the degree of midheaven
te one hundred and eighty (is) as the 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 Lthe
other is determined.
Witk all thisz, consideration of the basiec rules
of the craft of astrology is5 relevant, but no compl i=
cations arise which require explanation.

The book is fipished, praise be unto God, the
Lord of the worlds, and the blessings of God wupon His
Prophet

and His Messenger, Muhammad, and his wvirtuous
relatives., .
And we finished copying it in Mosul (Mawsil)
in Dhu al-Qaftda :
in the year 631 A.H.
(July/August, 1234)
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In this commentary referemces 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 bibliography on page 187 are indi-
cated by numbers encloesed in square brackets.

Concerning the life of al-Biruni himself, the reader
will find a wealth of biogrephical and bibliographical mat-

erial in [7].







COMMENTARY

1:2-14.

In medieval

Introductory Definitions

astronomical
"erossing”™, has the standard technieal meaning

the modern term “"meridian tranmsit™. In th
Birunl uses the same word in a number of m
senses, which we continue to translate by “tran
to the explanation of these usages that he has

treatize.

length (or longitude), width (or latitude), @&n

Arabic the w

ord m@mamarr,
conveyed by
is tLreatise
ore general
£ie™L (11 is

devoted Lhis

He begins by setting wup three cosmic dimensions:

d thickness.

The first appertains to displacements more or less

€8st or west with respect to a terreéztrial ob
fay ®more or less, becauwse the usage comprehe
motions entailed by the daily rotation, moti
ascension, but also the slow displacements of
#long the ecliptic, motions in longitude.

The second dimensfon is, roughly speakin
naorth and south. Again, hewever, displacements
celestial latitude or in declination are incl
category.

The third dimension involves motions norm
the first two, that 1=, slong the radius vec
earth's center to the celestial object in qguest
approprigte that the concept of thickness he
with it, since it deals with the thickness of
spherical shell of the ether

With each of these dimensions one or more
transit is associated. The succeeding passuage

the transit in longitude.

2:2. The two motions here referred to are, r
Lhe rapid rotation of the celestion sphere an
[rom east to west overhead, and the much sl
motions of the planets from west Lo east among
stars and along the ecliptic.

¥ 1

= - - : :
80, Biruni here draws @ distinction between

(degree) of a planet and its darajat al-mamarr

transit). The former is the common medieval

server, We
nds not only
ons in right

Lthe planets

9 mEdgsuTEqd
either in

uded in this

8l Lo bath
tor from Lhe
ion. It is

associaled

the hol low

varieties of

deals with

espectively,
ce per lI-.'_'r
oONer il:'ll_:.ll:"."

the fixed

the daraja
(degree of

designation
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for its celestial longitude; the latter is the point of
intersection between the ecliptic and the perpendicular
dropped from the star to the celestial equator.

3:4-12. The term “rays”™ here is an astrological ome and
refers to the influences which various zodiacal bodies were
Supposed to project back at other bodies inm configuration
with them,

Tasyir (aphesis, directio) is likewise 3@ astrelogi-

cal term, usually referring to the process by which the
length of & person's life was supposedly predictable by
associating it with a moving point on the ecliptic. This
passage in the text, however, is unintelligible to |ws.

3:14 - 6:5. Associated Pairs of Zodiacal Signs

This is ® standard part of astrological doctrine inm
which, however, nomenclsture and definitions differed some-
what, as this passage shows.

The term mudkhal (introduction) was used as part of a
standard title for @ number of gemeral treatises on astro-

logy (kitab al-mudkhal §13 Silm san@€t al-nujum), for
instance, the work attributed to UEiiius Valens below, and
the ™Great Introduction™ of AbU Ma%shar also mentioned
below,

The ¥izhidhaks, as Nallino ¢[19], vol.v, p.239; wol.
vi, p.291) has shown, are Pahlavl wversions of Vettrtius
Valens' “"Anthology®™. The latter was an astrologer who
flourished in the second century A.D., or thereabouts.  His
name went imto Arabie a&s Walis (or Falis) al-Ruel (ecf.
[ITJJp,ETﬁ}. Birun] mentions the Vizhidhak in others of
his works, in the "India™ i[ﬁ]_ transl., vol.i, p.158) @&nd
in the TafbIm ([5], p.212) as al-Bizidha| al-Riml.

The first set of pairs of signe sssociates Gemimi with

Cancer, Taurus with Leo, and so oo, called by Wright t[SJ_

p-227) corresponding im course. (Cf. also Bouché-Leclerg

EHJ. p-161). This simply couples palrs of signs, or eclip-
tic points, which are equidistant from a solsticial point.
Such pairs enjoy the properties enumerated by Blruni. The
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ortive amplitude (si®at al-mashrig) of a point on the

celestial sphere is the distance along the local horizon
from the esst point to the place where the point in ques-
tion crosses the horizom in rising.

4:5, The tere madar in an astronmomical context usually
refers to any of the small circles on the celestial sphere
kaving the north pole as pole. In the course of the daily

rotation any point not onm the equator traces ouwt a madar.

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

4:9 - 10. The reference here is to the varying angle at
which the ecliptic cuts the easternm horizon in the course
of the daily rotation. Right sscensions are those witnes-
séd by an observer stationed on the terrestrizl equator.
For an observer north or south of the equator the ecliptie
crosses the horizon more and more obliquely as the observe)

moves away from the equator.

i I As Birun] indicates preseatly, in line 18, the

agsociated pairs are now Aries with Pisces, Taurus with
Aquarius, and so0 on, pairs equidistant from an equinoctial
point. The term equipollent iz wuwsed by Wright {LEI,
pp-226, 227; ef. Tetrabiblos [23a), i,15).

5:10. The AbuU Ma®shar here referred to, and frequentiy in
—_—

the sequel, is Ja“far ibn Muhaomad al-Balkhl (f1. B50) the
paramount astrologer of the Middle Ages, and known in

Europe as Albumasar. His Great Introductiom (Kitab al-

mudkhal al-kabir ild Silm ahkde al-nujim) exists in Lhe

Arabic original and in Latin transtations {[]U], p.BEY .,

5:14. This al-Saifi is reported by Blruni 1[2?], p.B5} to

have written 2 work on an astronomical instrument. He is

dgpparently otherwise unknown to the literature.
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a:lb. In astronomical writings the words falak (pl. aflsk)

and mantagas (pl. manatig) ere frequently wused interchan-

geably, as fslak al-burij and msntagat al-buruj for eclip-
tic. We tremslate them as heaven, or orbit, or circle, or

sphere depending on the context.

6:16. The year-transfer {Lﬁhwil gl-sina) iz the instant of

the vernal equinox. Its determination was a matter of
grest moment im astrology. (Cf.[5), p.320.)

6:19-7:5. A triplicity consists of a set of three zodiacal
signs, equally spaced four signs apart on the ecliptic.
There being twelve signs, it follows that there are four
different triplicities. The mean wmotions of Saturn and
Jupiter are of such magnitude that, roughly speaking, the
former traverses eight signs while the latter is traversing
twenty. This implies that when a mean ceonjunction oOcCCuUTS
betiween these twoe planets, the pext will take place about
eight signs farther along, i.e. wsually in the suome tripli-
cily. The mean advance is sbout three degrees more thanm
eight signs, so that after sbout twelve conjunctions in ome
triplicity the point of mean conjunciion pulls forward into
the next triplicity. This phenomenon is the shift of
transit. For & more detailed discussion of the same topic
the resder msy conmsult [13], p.259.

T:4-7:14. The general idea seems to be to defime elevation
with respect to the locel horizon and in terms of the
gstrological "houses”. At any given instant the ecliptic
is divided into four unequal arcs by <the [following four

points, kmown as centers, (or pivots, or cardines): the

ascendant {or horoscope) and descendamt are the ecliptic

points then crossing the eastern and western horizon

respectively. Upper and lower midheaven are the points inm
which the ecliptic intersects the local merlidian. These

four arcs are subdivided into three parts, and each of the
resulting twelve arcs is a house. These sre numbered in @
direction opposite to the deily rotatiom, startimg from Lhe

10
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one imsediately below the ascendant. There is themn some
sence im calling a plamet in the tenth or eleventh house
elevated, simce it is slready im - the wpper part of the
ecliptic, for the time being, snd is still rising by virtue
of the dally rotation.

7:15 = B:5. This seems to be the same type of situstion as
indicated in the previous passage, éxceplt that now the
origin is taken as another planet instead of the ascendant.

The tenth (house) of the tenth (bouse) is indeed the
seventh, for the operstion of finding the tenth can be
regarded as a basckward rotation through three houses, a-d

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

8:10-9:5. ' The object of this passage is to explain why, as
we would put it,morth is taken as positive in measuring la-

titudes, and of two celestial objects the one farther north
is sald to be elevated above the other. It is because the
northern hemisphere is kmown, snd known to be inhabited.

10:%9-16. In Sanscrit these phenomena are called vyatipata
and veidhrta; see [?5]. p-13.

10:17. Ibn al-Nadim ([17], p.285) calls this individual

Ibn sl-Bezyar as does BIrunl im B4:15 below. His book is

called Kitab al_giranat wa tahwil sinl al-“5lam.

12:5-9. BIrunl is here making @ point, to which he returns
later, Lthat since the meximum distances from the earth of
some plamets are exceeded by the wminiwum distances of
others, a statement to the effect that such and such a
planet passes over another is mot to be taken as referring
to their actusl distamces, but iz am expression of & con-

vention which implies something quite different.

13:5-6. The period of Saturnm is about thirty years, that of
2 lumation is about thirty days.
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13:7-8. The annual period of the sun is about twelve

months; the period of Jupiter is about twelwe years.

13:10=13. Thus the arrangement iz, from the earth outward:
the moon, the sun, with Venus ralaling on an epicyc]e about
it, then Mercury, Mars, Jupiter, and Saturn.

13:14-15. This arraagement, of having the inferior planets
rotate about the sun, and which indeed corresponds to the
facts, is due to Heraclides of Pontus (fl. 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. BirunI refers

to this book in at least two other places, im his “India®
[[41, transl., wol.i, pp.226, 231).

14:9=10. This is the ordimary 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 topic to which he will revert
frequently in the sequel. The reader will find a detailed
discussion of the subject in [_13]1 together with a table of
numerical values.

It was customary Lo consider both the deferent and the
epicycle as divided into four segments, each called a
sector 121LE£J. These are illustrated in Figures 1 and 5
rESpEElj?Eif, where the Roman numerals indicate the numbers
attached to esach sector. It will be noticed that the
initial points of the first and third =sectors are the
apogee and perigee of the deferent and epicycle respective-
1Y« The imitial points of the second and fourth sectors
are always symmetrically dizposed with respect to the line
of opsides, but their definitions differ depending on the
type of sector. In this passage Biruml iz dealing with
"distance sectors™, snd point ﬁ in Figure 1, a deferent

point a1t mean distance from H, the center of the universe,
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is the beginning of the second deferent distance sector.
In like manner, in Figure 5, point T is one of two epicycle
peints at mean distance from the ceéter of the wuniverse,
here Z. T is the beginning of the second epicyclic distance
s¢ctor. i

A point in sectors I amd IV is at & distance greater
than the mean, and these sectors are called “"ascending™
(s53%id, im the semse of the "first ocpinion™,see the note to
?5;12 below). Sectors II and IIT mark positions of distance
less than the mean and are called "descending"(hEbit, again
according to the "first opinfon™). ]

It is also true that, &s BIrun] remarks, inm one of 7ue
two ascending sectors (I} the point is coming down, 1.,
getting closer to the center of the universe, and in one of
the descending sectors (ITI) it is ascending, i.e. receding

from the center.

15:13 ~ 18:8. This passage is largely etymological. In
several places BIrun] seems to make taclt application of
the transition froe k to j of words passing from Middle
Persian to Arabic or modern Persian. Examples are 21k ta
21, and wizhIdhak to bizidhaj. Thus he attempts to obtain
Jul from kul, and auj from suk.

He 15 motivated partly by a desire to explain why the
Persians used the word jawwl (7 or Javi) to denote pheno-
mena related to the deferent, that is the ™heaven of Lhe
(deferent) apogee”, while they employed the term watar
lArabic for chord or cord) for things related to the epi-
cycle.

He derives the latter usage from the mythical cords
or halters attached to the plamets, which,pulled by deities
feated in the heavens, provided a primitive Hindu explans-
tion for the retrogradations of the planets (cf.[5],
p.107.). Since the retrogradations are phenomena connected
wWith the epicycle, hence the sssociation of watar with the
epicycle, He remarks incidemtally the Persisn word Eii
which also means cord, and which eventually came te denote

fels of sstronomical tables. :Ef,[ld]. p-123.)
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Beverting to jawwl, BIrunl slludes to the same word inm
the common Persism term for the “right sphere™, javi (or
Juyi) rast, the equivalent of Arabic al-falak al-mustaglm
and Letin spheera recta. The astronomical sitwation refer-
red to is the appearance of the celestial sphere to an

1

ochserver located on the terrestria equator. Under these
circumstances all points on the celestial sphere rise across
the horizonm &t right angles, whence the modern term “right
ascension™.

As to the alleged derivation of javl from kul, Profes-
sor R. N. Frye writes that although there is a Middle and
New Persiam goy, "ball™ or "sphere”, BIrini's word cannot
come from it and must inm facl be the Arabic jawwl, “aimos-
phere™.

Birun] makes a second attempt, likening the motion of
the stars in the diurnal motion to the wmotion of objects
esrried by a flowing stream, Persian juJ.

1T:5. The word as it sppears in the printed text is undoub-
tedly @ garbled version of the Greek cognate of apogee. As
Wis customary, Lhe pi has gone into Arabic iﬂl' The gamma
of the original no doubt went inte JIm, the kha' which
appears being the result of a dot placed above instead of
below the character.

Birunl is right about auj having come from Sanserit
(from ucca, apex), but the Sanscrit fore in turn seems to
have been Greek in origin. (Cf. Pl], p-29.)

17:8. Biruni's sIkra'l is the Sanscrit shighra, "fast".
i7:10. 1In other words, in all ceses the pericd of the
deferent equation is longer than that of the epicyclic

équation.

17 12, The Hindu lupar theory recognised only one equation
in the moon's longitudinmal motion.

1T:15. The same author and book is menticned by BIrinl
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{[11, 69:6) in coorection with astrolabes. The indivi-

dual iz otherwise unknown to us.

Li=1T. Here again is & garbled transliteration, Lhis tims

of the Greek cognate of perigee. Again 8 pi has gone into
fa', and gamma into im.

17:19-18:1. On the basis of the printed text we infer that
the third letter inm both transliterations should be either
@ ha' in both or a jim in both. A dot, either added below
thé letter inm the first word, or deleted from Lhe gecond,
would restore the situation.

18:6. Here the transliteration of the Greek cognate of
“"epicycle”™ has come through wunharmed, except that ther

should be two gafs, 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),

circle of finite radius, concentric and coplanar with Lhe

ecliptic. The Isleamic estronomers apparently felt a need
for some reference ecircle, or seale, on which to measure
longitudes, and the ecliptic itself would nmot da, it
seemingly being regarded as beyond the orbits of all the
planets.

Here a celestial objeect travels with wunifore speed
Glong a circular deferent. The object is to obtain expres-
sions for the points at which it has maximum, minimue, and
me¢an distance from H, the center of the universe. If W
call the mean longitude measured from apoges 1 {in Arabie
markaz al-kawkab, the "center™ of the planet), Lhe polnts

-

of meximum and minimum distance are those et which A iz 0"

and 180° respectively.

For a deferent AHSZ lying wholly inside the pareclip-
tie, of which only th;.arc AB is5 shown on the figure,
BirinI easily shows that H and Z are the points of mean
distance from H. EnrrESpu;ding values of A are given by
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arcs AH and AHSZ respectively.

Tiu LruE‘Inngjtude, A, also measured from the apogee,
tan be given in terms of are length along the parecliptic.
For instance, the value of A when the object first reaches
its mean distance position is the parecliptic arc AB.

Birind points out (19:18) that for mean distance

A= LADH > 90" > LAHH = A,

These relations remain invariant re;ardless of the size
of the deferent with respect to that of +the parecliptic.
Two other deferents are drawn, ome *LJ lying wholly outside
the parecliptic and with center M, the other KB, only par-
tially outside the parecliptic, and having center T. For
all i

are L = arc KB =arc HA= A
for the mean distance. ]
At all times the difference between ; and A is &, the
equation” (al-ta®dil). See 56:9 and Figure 10 below.

20:11-14. The Medieval Sine Function and the Maximum Equa-

Lion.

The "sine™ (al-jaib) here slluded to for the first time
resembled the modern sine fumctlon in every respect save
that in general the radius of the defining circle was other
Lhan unity. We distinguish between the modern and the medie=
val funetions by usging & capital imitisl for the latter. If
the radius of the defining circle is R, the identical rela-
tion between the two functions is

S5in § = R sin g = Einl 9.

In some discussions, sines defined with respect to
different radii will appear in the same expression. Where
necessary we will svold ambiguity by specifying the rtadius
used for a particular sime by means of a subseript as shown
in the third part of the identity above. We will denote an
inverse (or arc sine) function by a superscript {. of
course mgx Sin § = Sin 90" =R, whence the term ™total sine”
(Bl=jaib kullhu = Latin sinus totus) or the "greatest sine™
{al-jaib u!-a‘?ilﬁ.

It will be shown below (56:1%) that for an object moving
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deferent, DH.
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Figure 1 the maximum wvalue of the

Fr‘ d,

and R

=] = __‘-;.i_q-
= mix

ecoentricity, DH, is the radius

put that the first deferent d

L

équation

he

istance

comEment to 15:8 above) is

AH 90" + Sin” 'SH =90° + Sin~?

IxT.%

=90" + $ia”'(¥ sin ).

=
max
below) .

nt to 41:9

G T e e
20:z1T. Here, as in 17:12, Biruni evinces knowledge of ¢
fact that for the pre-Ptolemalc Greeks, as well as for
Hindus, the motion of the moon was regerded ss exhibiti
only one periodic perturbation.
=1:1l. Kushyar was &n Irenian sstronomer who flourished
Lhe eleventh century (cf [26), p.B3 He was L E hor
Zijes T and 9 in [14]. 1In the Leiden copy of the Jami®
there iz no table of sectors.
"_ i To show what Biruni has in min not that f
"
0 € @ £ =
K sin 28 = 35in @ cos @ L in 8
Put 28 = g to oht
mEx
¥ sin {_ ein -_'_ e
Lt e]:l:l_t e e
i (¥ sin 2 ) & - II‘J*’ E
e max 2
fere the left-hand side iz Birunli's riule as jiven aboy
the right-hand side is the rul of Kushyar and A
Ma“~shar. Wote that when E= is small i.m, for sma
'l,']._”c : ‘
eccentrieities, the lust expression gbove 1z an Approxima
equality.
cl:b. The zij of Abu Ma®shar (63 in [14] see 5:10 sbove)

not axtant.
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21:7T. HRepresentation of Numbers

The reader must be prepared to encounter such transfor-
mations as 2;10,30 = 1304' = 130% minutes = TA430", 1i.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. various Values for the Maximum Equations of the
Sun and Moon

This passage contains an unprecendently rich collection
of parameters for the solar aed lunar theories of Greek,
Hindu, and Islamic astlronomy. Some values are well-known,
others are found uniquely in this source. Additiomal infor—
mation on the solar equation may be found in [15]1. Here the
Tequation™ of ® planet is the difference betweer dts mean
and true longitude.

22.5, The Ptolemaic maximuw solar equation of 2;23" given
v pe201).
Concerning the criticism of Ptolemy's technique, BIruni has

bhere” 4is correet (ef.[23], ed. of Halms, wol.i

@ detailed analysis of solar ocbservations performed up to
his time in Treatise 6 of his Masudic Canon [6]1, which would
be well worth extensive study. See also 27:6,

22:6. The Theonic Canon there referrea 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). - Im 23:12
below, bowever, Birin] ecredits Ptolemy with precisely this
value, and Theon, i.e. the Ptolemaic Handy Tables [22]., with

5:0".

224:9. The 1three astronomers Yahy&, Khalid, and Sanad, are
among the best known of the “Lﬂ:p;ninns of the Verification™
(Ashab al-Mumtahan) who, under the patronage of the Caliph
al-Ma'ain prnd;:ed the celebrated Mumtshan ZTj, 51 in [14].
The latter two are also reported to have writtes zijes of
their own, 96 and 97 in [14]. See 23:6.
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The value of 1;47 here attributed to Ya?yﬁ is new to
WE. See 23:18 below. The Escorial version ([14], p.132)
of the Mumtahan Z1j, which ds, however, corrupt- hss the
common value [:59'.

Ibn Yinis, author of the Hakiml 2IJ (14 in [14])
sttributes to the Mumtahan qruué, observing at Damascus,
the value of 1;59,51° (see [11], p.56).

22:11-12. The joint value of Kh3lid and Sanad here reported
as 1;59,54° is otherwise unkmown to us. It is very clese to
the result given immediately above.

22:13. In both the extant versions of the zIj (or zljes) of
Habash al-Hasib al-Marwazl (see [14], p.126) the maximum
;nla: Equaiinn is 1;59° as given here, The three sons of
Mis3E ibn Shakir ([14],p.135) carriéd out many observations,

but their zijes are not extant.

22:14. The zIj of al-Batt@nT has been published. In it
([18), wol.ii, p.81) the maximum solar equation is indeed
1;59,10%, as reported here by BIrunl, The latter's own
value, as reported in his 2T ([6). p.716) is 1:59,39, 18°.

22:15=17. The zIj (73 in [14]) of AbL al-Wafa' is extant

enly in 8 fragment, if at all. The four observational
results here attributed to him, 1;58,58°, 1:58,45°, 1:59,7",
and 1:59,2,20%, are new to us. In the z1j of al-Baghdadl

(3 in [14]) the value of 1;59"is attributed to AbY al-Wafa'.

22:18=-23:1. Al-Saghinl (see [26], p.65) was best koown us
an ipstrument mai;r. He worked in Baghdad, e¢. 98B0, under
Lthe patronage of the Buyid dynasty. 0f the two values
attributed to him, 2;0,20° and 2;:;6,6", the former was
obtained also by Muflih, 8 freedman of the Banl Amajur (see
(111, p.152; [1#],p.l2é}, For examples of different results
obtained from the same data by computing with the chord
function rather then the sine the resder may comsult [15],
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£3:2. Ibm al-A%lam (auther of zIj 70 in [14]), whose maxi-
mum solar equation was 2;0,10"°, was undoubtedly am obser=-

YET .

£23:4-6. Sulayman ibn “Isma was the awthor of z1j X216 in
[14). Ris walue of 1;55,2° is pertislly confirmed im 23:19,
Concerning the criticism of Ptolemaie techmique, =ee 22:5

dhove,

£4:7. The name of al-Nasafl has been wrongly translitérated

in [14],p.136, &s 81-SanafY, He iz otherwise unknows to us.

1 [
Riz walus 15 2:27°%,

#3:12. See the comment to 22:8 shove.

In his Sanjari ZI§ (27 in [i4)) sl-Khdzinl
attributes to Ibn 2l-Aflam & maximum lunar equation of
Thie is =lightly differént from the d4:53 here cived.

comment to 23:2 above,

is mentioned in zeversl other places in

the author of Z1] 45 (in [14]).

his first notice in this book of the fomous Sindhind

p-129) an Aresbic translatiom of one of the Hindu side

probably the Brashmasiddhante of Brahmagupta.

23:17, According to Sachau (im [3], p.424), al-Jeihan] was
@ famous polyhistor, 8 wezir to the Irasnian Simanid dynastLy
in the beginning of the fourth century of the Hiirs.

L < o
23:18. This confirms and makes completely secure the maxi-

mum solar equation of 1;47" ottributed to ¥Yahya ibn abi
Monsur, working under al-Ma'mun, is 22:10 above.

23:19. We have I:dTollTjw =1:55", which is close Lo the
value of Sulayman given in 23:4 above.

Further, ];d?‘{]%; w E;H“, for the Damascene value, but

compare this with the comment to 22:9 above.
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24:1. Now l:dTGII%} = 2:11" for the Sindhind {(cf. 23:15

above). This is sttested later, im 24:17.

24:2. 1In fact 1;47°(13) % 2;14°, which is indeed the volue
appearing in the extant and published version [16] of al-
Khwarizmi's 2Ij (21 in [14]), and further attested by Birini
in another work ([15], p.118).

2d:3. Now 1:47'1!%} = 2:23% which is the Almagest valuoe
{(cf. 22:5 above).

24:7=-9, The numbeér 2;14" 85 a standard Hindu velue for the
maximum solar equation dis found inm many places, e.g. [9],
p«156, On the other hand the number written out inm the text,
4;50%, for the maximum lunar equeation appears nowhere else,
and we prefer to restore it as 4;5[6]" ,a well-sttested para-
meter, the six being a scribal omission.

The Zij=-i Shah (30 in [14)) was translated inta Arabie
from a Pahlavi originsl. Mo eopy i& now extant, sand the
problem of recomstructing its contents and sources is one of
great significance for the history of pre-Islamic Iranian
astronomy. (Cf. [13]). Here Birin] indicates that its con-

tents were of Hindu originm.

24:11. The truth of this statement is fully demonstrated in
the sequel. It will be seen that differences im Hindu para-
meters have nothing to do with differences in observations,
but are the results of successive gpproximate computations
in which different radii, for defining sines, and different

approximations to 7 are used.

24:13-16. The rule is
= = g
i ey (UL
where B8 is the lunar latitude and @ is5 the argument of the
latitude. Then indeed nauﬂ::d;&ﬂ“. and

max & -axﬂ e
sis 90 =& &5 °*

as BIriinY says. Both this max @ and this R are standard
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Hinde parameters.

24:17. Here the maximum solar equetien of 2;11* is again
ascribed to the Sindhind, as in 24:1 above. There seems
little doubt but that the reference is here to am indivi-
dual, Yas®s al-Ma'muni, otherwise completely unknown to us.
It would be tempting to read inte the text ™the Ma'munic

(zIj)}™ (cf. 23:18 ahove).

24:18. This is the first mention in this treatise of the
early Islamic astronomer (or astreomomers) named al-Fazarl,
closely associated with the Sindhind Z1j. See the discus-
sion in [15], p-119.

24:19-25:5. The beginning of this passage has been garbled
in the text, but there is little doubt but that our resto-
ration is valid. The two rules are, for the equation of the

sEun

(1= g sin]ﬂ.h = 2;11,15° sin A,
and for the equation of the moon _
2 siny 0 A= 5% sin A

where 3& is the "argument™, (al-hissa) the mean longitude
measured from the apogee. L

The parameter 2.;]1_!5n is independently attested (in
[15], p.119), also in connection with al-Fazarl and the
Sindhind, but bere with an R = 3270'. The maximum lunar
equation of 5;0% is not far from the standard Hindu 4:56°,
but it i= precisely a Ptolemaic walue (cf. 22:8 above).

An B of 150" is associoted with al-Fazarl and with the
Sindhind elsewhere, e.g. 31:5, and [2], 120:1. In the
latter place the book is called the "Grest Sindhind ZIj"
(Z1j al-Sindhind al-Kabir).

BIrinI's suggestion i: to make the rule

—

(1 - ) Sim g0, A= 2;13,20° sin 4.

This would indeed result in 2 maximum solar equation nearer
to the 2;13" cited in the next passage.

We note that inm mll these expressions the "solution by
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sines™ is used to determine general values of the equation.
cct. [15]. p.118.)

25:6-8. This sentence makes two unrelated statements. The
first is to the effect that in some versions of ths Sh3h
Z1j the maximum solar equation is 2;13" rather tham the
more common 2;14" cited previously. This is of interest as
indicating that we cannot counmt onm & single, canonical text
of this document.

The second part of the sentemce becomes clear If we
write s =

23(1 - %} Sinlsu.h=4:5ﬁ' sin

for the lunar equation and recall that 4;56" is the stan-
dard Hindu vaslue for the maximum lupar equation. (See 24:7
abowve) .

Note that this passege associates with the Shah ZI] an
E of 150'.

25:9-26:3. The Arabic-Persian term kardaja (pl. kardajat)
is wsually derived from the Sanscrit krama]xa {EIQI_p.ZIQ}.
Originally it seems to have stood for a unit length of arc
equal to one twenty-fourth of & quadrant, i.e. 3§‘ 1.1
25:16). Here it iz a name for the variety of sinme function
being used.

The first rule given says the equation of the sun is

313 5“‘5-:;:1:}")‘t :

The passage does not tell ms the vyalue of 8 shown, memely
54;30 = 3270*, but the same rule is given in a&another work
of Biruni ([2], 133:6), and from it the B can be inferred.
The 3270 is given explicitly in 27:2 below. In 27:1. and
in the other source also these sines are caelled “"kardajat
of the Sindhind™, and in faet BIrunl says there that
8l-Fazirl gives this rule in the Sindhind 21§ (see [15],
p.1193.

We obtain the maximum equation fmplicit im thiz rule
by putting Fx=qu‘ to obtain

105, ,32T0, _ o, -
{m]f—a—uﬁ} i 2.11.| !5 M
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precisely the number given in 25:1 sbove.
The second rule gives for the solar equation

T8 Siigz.10 s
where now /&£ js specifically stated to be 3438 = 57:18.
This well-kpown parameter is associated with Aryabhats
(f1. 500 A.D., the first of two scientists with the namé]
and was adopted because if & is small and measured din
minutes of arc

Sin 5‘39_

57;18
& properiy resembling that of the modern sime functiom for
& in radians. =

Agsin putting A=90" in the rule, to obtsinm the maxi-

oum, we have

mi—l
=
(=5
=

exactly as Birund says.
The third rule 18 this passage is
TR
g
107 ° "54;30
for the lunar equation, from which the maximum equation is
10 3270, . B

-E":-li-'——'—.l'::f:;s,'jb .

1 &0
@ number close to, but mot identical with the five degrees
attributed to al-Fazerl in 25:2 above.

The fourth and last rule gives the lunar eguatiom as

10 =
1116] 51“5’:;:43’}""

froe which the meximum equation comes out as
10 3438 - ®

_ITEF"_WJ = 4:56,23 ",
the number givenm in 26:2. The text hes 117 in the denomi-
nater, but this requires emendation to 116 4dmn order to

¥ield the maximum equation shown,snd moreover in the pPassa=-
ge following this, where the same rule sppears, 150 Asfo-
ciated with the simes of Aryabhata, the 116 Is cited unmis-

takably, and more than once.

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

short excerpt from & work which is known to us only from a

140




COMMENTARY

mention in BIriini's India ([4). ed., p.228; transl., wol.l,
p.xuxxiv; vol.ii, pp.52, 378). Author and date of the Harqan
are unknown to us.

Since the quotation itself gives in wverse form tLhe
rules for the equations of the sun and moon associated in

the previous passage with the sines of Aryabhata,.namely

166 5”5?;!&‘;\ bl Ti% 5“'5?:15(\ '
this demolishes Sachau's conjectures that the Hargan was a
handbook for the conversiom of Hindu, Arabic and Persian
dates. It seems to have been a typical z?j. (See also [14].
p-13T.

The numbers needed are given as nonsense words made up
of letters of the Arabic alphabet having the proper numeri-
cal value in the sabjad system. They are )= T, [the text
has the dot missing from the za' thus converting it into a
ra'), <#=80, $=100, » =6, and (S5=10, whence (# =180, and
(yp=116. For the last number the text has, at 26:19, =
medial 13m instead of the correct ya'.

The term “elevate™ (raf®) indicstes division by sixty,
the sexagesimal base. Thus the "first elevate™ (marfut
marra) of 0;27 = 27" is 60(27') = (1,0)(0;27) = 27;0 = .

etzl=4. Here is & categorical statement that Lhe Sindhind
was Brahmagupta's (fl. 650 A.D., author of [91) PBrahma-
(sphuta)siddhBnta, which is extant but unavailable in
translation. (Cf. 25:10 above). In & letrer Dr. Kripa
Shankar Shukla, of Lucknow University, confirms that the
R of the Brahmasphutasiddhanta is indeed 3270°.

We do not know what BIirunl 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

7 .3270, = .
1Eﬂt o0 4 =

Professor B. L. van der Waerdem has pointed out in a

T.10

"
"

letter that one can infer from the dimensions of the solar

epicycle in the Brahmasphutasiddh@nta =& maximum equation
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quite close to the ome of the text. From this
13:40 _ 41

1% Geax = 360 = Todo °

-
ﬂ.‘: = 2:10,327.

whence

There is = like difficulty with the maximsm lunar
equation of five degrees given in the same place. We note,
however, that the rule

10
109 iRgazgs A

will give the_desired maximum of five, and the coefficient
differs from that of the rule of 25:13-14 only in having
109 instead of 107 in the denominator.

27:8-12, According to Dr. K. 5. Shukla, no sclentist named
Nabhala bss been encountered in the Sanscrit literature.
His rule for the lunar equation is

L Sin >\

360 57;18° *
from which the maximum equation will bhe

wos (2438) = 4:56,3°

s stated in the text. There the name iz written bt

£7:13-17. The Karanssara was apparently tramsiated into
Arabic, but nnilher.lhc origimal nor the tramslatiom is
extant. Our only knowledge of it is from BIrunI's writings,
but he mentions it frequently. References to it dim his
India [4] have been collected by Sachau im the notes to his
translation of it, im wol.ii, p.156. The author was
Vittisvara, son of Bhadatta (? Mihdstta), of Nagarapura.

The rules for the sgolar and lumar equatioms are

10 A
ﬁﬁins and 5155)\
respectively, where npow B = 300" = 5. The corresponding
maximum solar equation is .thus
51-2-:—5—3031 = 2.10.26"
s stated. The maxisue lunar equaetion is motr givem, but it

is obviougly five degrees.
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27:18 - 2B:3. The Karanatilaka likewise iz known to us only
through the writings of BIrunl. In his translation of the

India ([4], vel.ii, p.306) Sachau has collected references
to the Karanatilasks found in the former work. The suthor,
vijayanandi; of Benares, however, is known independently of
Birunl, being mentioned, for instance, in ﬁﬂ:‘[p.54]. Qur
passage strengthens Sachau's conjecture ([4], transl.,
vol.i, p.xxxvi, wvol-ii, p.38BB) that an Arabic wversion of
the Karanatilaka was mede by one Abh Muhsmmad al-N3i'b
aiLEMUIT.. :

Be that as it may, the information that im the
Karanatilaka K = 200'= 3;20 allows us to restors with
cunridence 8 gep in the text made by some copysist®'s lapse.

The rules evidently were

“ie X _ 3 2
E hlhgnn, and ] 5:ﬁznn,

for the solar and lunar equations respeclively. From these

the respective maximum equations are

220D, _nvaen® 3,200, _-°
E‘ﬂ—ﬁ? Z2:13,20 and §|'T:I1—::|_-\J
4% stated in the text.
28:6-T, This work and its asuthor, probably Paulus

Alexandrinus who lived im the fourth century or later, will

be mentioned frequently in the sequel. The PulisasiddhBnts
is one of the five siddhEntss of Hindu astronomy. {CI.
[4]. transl., veol.i, p.153),

In the Hindu planetary theory the "equations", the
periodie divergences between the true and mean planets,
wWere Bccounted for by the use of epicycles rotating around
a deferent of zero eccentricity. This was used for the
equation due to the eccestricity zs well &= that of the
@gnomaly. It wes customary to specify these epicycles by
@iving their circumferences, measured im degrees of arec
along the deferent. Thus the uszge "circumference of the
apogee™ means the circumference of the epicycle wused to
produce the effect of the -eccentricity, (Cf. [21] ,Appendix).

The circumference of the solar epicycle given here,
fourteen, is the ssme as that of the Khandakhadyaka ([9],

143




ON TRANSITS

p.%xii). For . the moon the epicycle circumference is thirty-
oné, again the same as that of the Khandakhadyaka.

28:8-10, Concerning the Brahmasiddhanta, see the comment
to 27:1 above. These epicycle circumferences, for suo and
moon respectively, are 13:;40 and 31 ;26. Iﬁﬂ (p-52)econfirms
the solar value, but gives 31;36 for the moon. Qur text

value is confirmed in 29:T7 below.

28:14-18. The approximation to the number TV given here is
uite good. -It 1s

3927 _ e
L555 = 3.1416 = 3;0,29,45,36,

15 independently attested for Paulus [[4], transl. wvol. 1,
7.168), and for Ya®qub ibn Tarig in the same place. It is
ised also by al-Khwarizmi in his slgebra ([24), pp. T2 and
G&) .

By use of this approximation, Paeulus® circumferences,
ynd the relation r = %i , Biruni now ebtains the epicycle
radii of the sun and moon respectiively. They are

L aEp=213,0°

31 1250, _ . .
v lgﬁf?}—-d,EE,Z

rounded off to two fractional places. These are BlIrini's
results,except that for the moon he has apparently obtained
his terminal 1 in the last place by truncating the next
digit rather tham by rounding off.

In line 1A here we restore Ihtgﬁéﬂ of the text lDJAi

which Birunl uses in the sense of "rounding off™.

28:19-29:.4, Here we reverse the former process, Lhat is to

say, we infer the circumferences from the radii, where the

latter are equated to the maximum equations. BIrunl sets
up the ratio
o _C 360 _ 360
r EEE E BE7:18
The R =5T7;18 = 3438"', which we have encountered
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before is attested inm two places farther alomg in the text
(32:1 and 55:2) &8s that of Paulus. Since, moreover, B is
found by measuring the radiuz in minutes of arc along the
circumgerence,
. = ool e 0l =
21 ol - uy i g%TTE = 6;16,57,48
and T = 3;:8,20, 54,
Taking now the standard Hindu maximum equations for
sun and moon respectively, we have from
e = ﬁ%.': {(6:16,57,48),

2:14)(6;16,58) = 14:2 ,
and (4;56)(6;16,58) = 30;59,41.
For the first Birunl reports 14;:3. The second is

identical with our result.

29:5-12, Here is attributed to Brahmagupts the approxima-
Lion
N0 = 3.16220... =3:9,44,12,28,48, ...,

from dz = czflﬂ. The same approximation is5 found in
al-Khwarizmi's algebra [241.

Taking the maximum equations as being synonymous with
the epieyele radii, Biruni computes the latter,for the sun,
a5

T Bags =2:9.39, ...
Biruni's 2;9,9,40 may be the result of & copyist's error.
Perhaps the passage should read "two parts &nd nime and two
thirds of a2 minute™.
In like manner, for the moon we have
d1;20
2410

- =

which is precisely Biruni's result. This coofirms the moot

4:58,12,

reading of 31;26 for the lunar epicycle radius 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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= ael 360 it
e = %ax {TF = 2."”;—3;—331 = 14;45.

which is Biruni’s result, Note, however, that while the R
is Brabhmagupta's (cf. comment to 27:1 above), the o is
pot the walue pear 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 Brahmasiddhanta values for the same paranete;+given in
Lthe comments to 28:6 and 2B:8 above.

For the moon we repeat the process to obtain

4;54;13%—0} = 32:35,13,

which is close to Biruni's [32];35,27. The restoration in
the translation is of an obviows copyist's or typographical
error. Again we have used the standasrd Hindu value for tLhe
maximum equation, not the five BIrunl attributes to
Brahmagupta in 29:11. Again, moreover, the result differs
merkedly from the values of 31 and 31;:;36 Brahmagupta uses
in the Khandakhadyaka and the Brahmasiddhanla respectively.
(See the c;;ﬂ&nts to 28:6 and 28:8 above).

29:13 = 33:14. Having disposed of the two luminaries, the

text proceeds to & consideratiom of the maximum deferent
equations of the planets,. Again, while some of the para-
meters are from documents like the Almagest, which are
available in moderm editions, others sre frem sources which
have disappeared.

As ususl, the Ptolemaic Handy Tables [22] are referred
to as the Canon, or zi1j of Theon,

29:14-18. In the Almagest ([23] ed. of Halma, vwol. ii,
pp. 301-309) in the tables of planetary equations the first
ctolusn (which we will denote by (@) ) after the columns of
arguments, gives the equation of the deferent computed as
though the epicycle center were on the equant. The next
column (here denoted by () gives the correction to be
sdded algebraically because of the faet that the epicycle
is on the deferent, not the equant. The deferent equation
is given by adding corresponding entries im the two
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columns (l.e., ﬂﬁ + (j l« For prectical compating it is
better to add these once and for all and enter the results
in 8 single column. This may have been dome im the Handy
Tebles, and dit looks as though in most cases Biruni
wrongly takes mix{ﬁ to be the Almagest maximum deferent
equation. He should take max fﬁy+(j‘. which iz probably
found direetly in the Handy Tables. The situstion iz szeen

from the table below.

Almagest
Ll-_ane-ts mEx @ | max @-1— ’Ei}:l
% 6;32° | 631"
4 5;16 5:15
g 11;82 11:25
g 2:23 2;ed(?)
g 2:652 3:2

Upon comparing this with our text we note that for all
Birund gives Handy Tables maxima which are fQdentical with
Almagest max( Ej* C} }J. The conclusion is that the maximue
deferent equations of the Almagest and the Handy Tables are

actually the same.

J0:1-3. This statement is probably orrect, since we
notice that in al-Battani's 27 ([18), vol. i1, pp.gB1, 129)
for instance, the maximue solar equation is 1:59.10%, and

the maximum deferent equation of Venus is 1;59° . doubtless

rounded off from the former.

30:4-9. For the non=extant zIj of Ibn al-A%lam (see the
comment to 23:2 above) Birunl gives maximum deferent
equations of
7 6:31"- 0;48" = 5:43
o 8;15 + 0;18 = 5;33
& 11;25 + 0:;0 = 11:25 (?)
2 2;23 = 0;23 = Z;0
2 3;2 + D:38 = 3

This set is not completely secure, since we cannot be

+40.

certain as to the sei which has been modified. In view of
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the comment to J30:1 abhove, the value for Venus seems

probable.

20:10 « 31:3. In the table below we consolidate the para-
meters given im this passage, adding for comparison appro-
priate sets from other sources. The first set consists of
the maximum deferent equations BIirun attributes to the
"Hindus and Persians". The =zTjes of the Shah and AbG
Ma€shar have been commented on in conmection with 5:10,2] :6
and 24:9, Ya®qub ibm Tarigq (fl. 770, author of ZIj 71 in
[ldjl, like al=Fazsiri, was one of the early Muslim scien-
tists engeged in putting Hindu and Iranian astronomy dinto
Arabic. The second column is made up of the maximum equa-
tions of the center a5 excerpted from the published version
of al-KhwirizeT's ZTj [16]. The third columm gives the set
attributed to Lhe Shah ET; in the astrologiesl work of Ibn
Hibintd [12a], and in the last column appear the maximum
equations of the center as used by al-Fazirl snd obtained

from our Lext.

. The Hindus The published RIJ—j.ﬁhEh_. T
fand Persians | 2Tj of al-KhwGr' (Ibn Hibint3)
" | 837 8;36° 8:36,4° 8;37, 30"
3 | 5.6 G 5:;5,49 5;L6]
g 11;12 11;13 11;11,59 | [111;10
2 2.1% 2:14 2+12, 46 2:15
g | 4;0 . 4;2 4;[o,0] | 4;[0

Note that the 0:2° spoken of for Mercury in 30:17
actually appears im the =z1j. The reference to Theon is
doubtless to the fractional part of the 3:2 in the
Ptolemeic maximum deferent equation of Mercury noted above.

The rules of al-Fazirl for finding general wvalues of
the deferent equation, presumably aspplied in 2 version of
the Sindhind, are all of the form

eﬂﬁ'x f E
B Si0jenge ’

where k = %ax"h is-a constant which depends on the parti-

k 5in A::
4
cular planet, the rules are all examples of the “solution
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by sines™ L[:El- p. L19). R = 150" = 2:30 = 5/2 we have
previously encountered associated with al=-Fazari [comment
ta 24:19) and the Sindhind (or the Great Sindhind) Z1j.

For Saturn the rule seems to imply
| =
]
= -—,._=_|'|_+_.¢-
Smax oK P

But this leads to
= B:22:30
Eﬂin
which is neither Lhe result given im the text nor is it

near the standard B;36". We note, however, Lhal

—},:*[I + % +11_}---%]3= 8:37,30°
which is what 15 called for. Hence the rule ‘should pro-
bably be amended to read, " ess Lhe sime Brd its tenth ‘and
one half of its temnth,.."”

For Jupiter the rule gives

E ] -
= 3|2 3 sy =
E;m = Rk [ {1+ =I5 5:6

|

This is the standard value, and allows as Lo FreEsSLOre 4 wWaw

(=6} din the text (31:7) following Lhe Eg'i=5].
For Mars the rule gives
=5 1 E S
ey = i poppd =1L
which is what the text has in 31:7, once @ Tedundant dot

hes been removed from the alphabetical numeral.

With Venus

!
C e =.%EL ~ 1o’ =& Eiy
as In the text.
Finally, for Nercury g
s ==l + 7 = 4;0,
which is what the text says, except that a tLypeselter has

misread the Arabic sexagesimal zero symbol as a ha'in 31:8,

31:9 - 31:14. Concerning al-Sarakhs] see the comment Lo

23:-15 above. We make his maximum deferent equations Lo be
" B:37%, the Hindu wvalue,
af 5:15 , a5 in the Handy Tables,
& 11:25 , as in the Handy Tables,
¥ 2:24 ., as in the Handy Tables plus a minute,
L) 4:2 , as with al-Khwarizml.
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The mention of cosmie days in obscure, but has E0meE=
Lhing to do with the Hindug concept of @ world-cvyele marked
by the conjunction of all planets nesr Lhe vernal point,

(see [147, p.131.)

J1:1T=32.2, Concerning Paulus and his Pulisasiddhanta, zee

—

the comment to 28:6 and to 28:19:, Here Paulus" R of 3438°
Lt A Irunl T . 3 - %

15 atiested. Biruni asgainm finds the circumferences of the

epicycles by multiplying the maximum equations (regarded oz
radii) by an approximation to 211 determined by the paTLi-
cular R used,. In the table below ‘we list the maximum
EQuatlons given in the text but converted into degrees,

Lhen the transformation into circumferences.

9:28"° (568)(360) /3438 = £§9.5 = 0]
4,44 (204) (360) /3438 = 20,8 = 3p
Il;:l6 LOT6)(360) /3438 = T0.8 = T

e oo u oA

2;:14 (a4 ) (3600 /3430 = 14.00 = 14

4 ;328 (268} (360) /3438 =281 = 28.
The last column gives the circumferences as reported in the
texl, except LthaL the one for Saturn does not appeur. All

Lhese ure identical with the corresponding parameters of
ithe Survasiddhanta (of vhthamihjrul_ Lhe Punghxiuuhﬁn1:ma_
and the Paulisatantra (ef. Lo9], p. 481, except for Venus,
For the latter planet these other documents have a ecircum-
feredce of 32_ However, our text's 30 is further confirmed
in 28:14 below.

These are the manda epicycles. those which account for
Lhe equation generated by the deferent in Lhe Ptrolemaie
theory.

42:4 - 12. Some rules of ihe Karanatilaka are given in
27:18 - 28:3 above, This passage goes on Lo Supply analo-
gous rules for the planets,all presumably for the “solution
by sines™. General valuez for Lhe deferent egquations are
given by the expressions

where K depends on the planet and R = 200' = 10/3 is the

K .ﬂ-inj_jz
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total sine of Vijayanandin (see 28:1 above).
To infer Lhe maxisum tguations in terms of the rules
we have, Tor Saturn
N 1
% | 3 =g L2
& - =."E'H:—.-,-|_-x'|*'--1:|—'.;,.-u.
" - L
This is fsr from any probable value, and the result in Lhe

text 3s no help. It has ufbluu’:Ti gand & joined numn = 50

which makes no sense @5 a sexagesimal . We restore it as
[=]®* =5;10, but both the rule and the resull are probaily

gar biled 5

For Jupiter the rule i3

It r "~
o ! Gl =

E‘ — | + ———— = - =5
max 3 Lf1' GLI0T 2 ez AR

& good result, and which checks with the text.

For Mars,

1o, J_ 8o T
= :—,Il__-.ll---_—H:—_- =11:25,42°,
md X ot i | i

which, if Lhe seconds are lruncated, 15 Lthe teéxt valoe,

¥
Tl =18

which 1s Lhe result given dn the text If we conwverd Lhe
printed ¥a' (=10} into & (=50) by changing some dots.
il L d

For Mercury

d2:12- In this passage, &5 in 28:14-18, we convert
el R

from the epicyele circumferences of 32:1 te radii, using

the approximation T = 3927/1250 asszsoclated with Paulus in

28:14,

Thus, for Saturn,

B5 in the text.
For Jupiter

r = HU"WI = -l,-‘llf.l,,:!-ﬂ‘,

85 in the text.

Foer Mars
1250

r ﬂjﬂh'_l;?'?._"'f_}:l= 11:8,30.
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The text has 11,30, to which we have TrTestored the medial
digit.
For Yenus
1250

o= ld(srepws) = 2:13,42,

2(A9EIT )"
The medial digit in the text is iL-‘—:‘.-lH, for £(= 13}, =
natural Error for a copylst or typesetter igmoramt of the
conventions of the Arabic sexagesimal numerals.
for Mercury

Finally,

1250
—_ nn x i b
" = ""II__._"-"-"r:_T._'.'ll 4:27,24,

a5 In the text.
32:15-33:3. This passage gives a set of rules from the 21}
al-Arkand ([14]. p.138) for obtaining the maximom planetary
deferent equations from 2:;14°, the maximum Solar equation.
In the published translation of the Khandakhmdyaka ([9]),
p-48) & set appears which resembles but 11 not identical
wWith ours.

For 5aturn our text would give s wmaximum equation of

2;14[aci+ <) = 10514,

but this is far larger tham @ny Saturmn parameter reéported,
and we prefer to restore a "half"™ as in the translation Lo

give the same rule as [0], namely
21414 -+.'I_..i| = 9-34"
[ qani ] B _ yad

very close to Paulus' 9:33° in 32:13 above, but different

-

from the standard B:37°.
For Jupiter Biruni has
19 -
E:I-1J—'.3"|'-.J.—J‘n‘:-4;'1|‘.
L 4

which iz not e¢lose to the standard 5:6 bul wery near to

Paulus® 4;46,30"%, hence it is probably accurately transmit-

ted. In [9), however the rule is
2;14[200+ 2 =5;7".
For Mars our rule is the same as that of [9), namely

2;14[5]=11;10",
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which is close to the value of Paulus and to the standard
One .

For Veanus both sets of rules put its maximum eguation
equal te that of the sun, 2;14% also close to Paulus’
result and to the uvsual Hindu value.

For Mercury both sets of rules prescribe the double of
the solar equation, 4;28°. This is indeed near to Paulus'

4;27,24 , but less close to the usual 4:0°,

33:4-10. This Awlath §s otherwise unknown to wus. He
evidently made use of a table of solar equatfons instead
of a table of sines to compute planetary equations. The
rule is = Y T
e () = e,M )

where A is the mean longitude of the planet reckoned froe
the apogee, £ is the equation, € the circumference of Lhe
"apogee epicycle”, and subscripis @ and p are used to mean

solar and planetary respectively. We npote [first Lhat

2T (max 2,0 = C, = 14,
very nearly, and

ey = ]
P ;.TTILmaxE'r..

Moreover e mxeamn-j\=% sin A din the “solution by sines™.
Then the rule becomes
E-rm:' = _CE'.E,(’;J:' = M _i."!'_ I }.} = max o _.,-4_-;'
I4¢ j< £ # P
which is indeed the Tsolutionm by sines"™ for the planetary
equation of the center,
Birunl 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
ta the standard Hindu valués than de 60, 30, and 28. W
have already remarked that in [9) (p.48) the circumference

for Jupiter is givem as 32,

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

rent equaetions, BIrun® does not forthwith examine like sets
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of parameters for the epicyclic equations. Be first
discusses mean distance positions for the moon, Mercury,
and the other planets, in this order. The classification
1s forced upon him by the fact that he uses the Ptolemaic
models feor all, snd there are significant differences
between Prolemy's mechanizms for producing the motiom of
Lhe moon and Mercury, es distinguished from the other
planets, the models of which differ from each other only in
the numerical values of their paremeters. In all three
Cases Lhe srgument and the figures are clear, and no exten-
sive explenation is called for.

This passage desls with mean distance positions of the
lunar epicycle. The resder unfamiliasr with Ptolemy's model
for the moon's motion will find it useful at this point to
consult [Eﬂllpp.iqﬂ—luuj. The essence of Blruni's remarks
may be restated concisely by noting that (in Figure 2) the
locus of mean distances for the epicyele center i the
circle JBHL whose center H if the center of the universe
and whusr‘radius is the deferent radius. The locus of the
deferent center is the smaller concentric circle RDT‘ AL
Gny instant when Lhe defereat center 4% at the general
position T, & mean distance position for the epicycle
center i51L. the dotersection with circle JH@L of LM, the

perpendicular bisector of TH.

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 is described in
[20] (p.200), for example. Tt will be reecalled that for this
planet the deferent center is earried sbout & zmall circle,
T'S in Figure 3, which passes through the equant center.
As in the case of the moon, the locus of mean distance
pesitions for the epicycle center isg @ circle, here BHLJY,
having fite radius equal to that of the deferent ﬁn; its
cenler at the center of the universe, H. For any position
of the deferent center, successively T, %, and 5, in the
figure, consider the perpendicular hls;ciur of the zegment

Joipning it to the center of the universe. The intersections
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here H, L,and Y respectively, of these perpendicular bisec~
tors with the mean distance locus, give mean distance

positions of the epicyele center.

38:3 - 41:2. This final passage of the sectiom K on mean
distances deals with all the plenets other than Mercury.
The reader desiring anm explanation of the Ptolemaie plane-
tary model may comsult [20] (pp.198-200). Again (on Figure
4) the mean distance locus is & circle (LDSB) with radius
equal to that of the deferent (ADHB) aud‘ center at the
center of the universe (H). When t;e epicycle center is at
the apogee (A), mean positions of the plamet occur at 5 and
M; when it is st perigee, mean planetary positions are at §
and €, A mean position of the epicycle center is at B:
For this situation mean planetary positions will be at N

and W. A general position of the epicycle 1s not shown.

41:2 - 43:15. Birunl now commences the consideration of
maximum epicyclic equations and the related topic of epicy-
cle sectors (ef. 15:8 above). He begins with the simple
case of an eplcycle carried at constanl speed around & mon-
eccentric deferent. Under these circumstances maximum
equation ogcurs when the planet is at H (inm Figure 5), the
radius wvector ZH from the center Df.LhE universe to the
planet then hEinq+langenl to the epicycle. The planet will
be at mean distance from 7 whenever it reaches a point of
intersection between the deferent and the epicycle, B for
example. The first epicycle distance sector will them be

arc KDB, snd the author's present objective is to obisin an
expression for it im terms of the maximum equatiom, arc
Al = 'ﬂix,.
indicated by Romsn numerals on the figure,follow immediate-

This done, the boundaries of the other sectors,

ly. In pursuit of this aim he directs (41:9) the dropping
of perpendiculars HS and BM on KJ. In the case of the
latter it would have been better to have said joln B to M,
the midpoint of AS. For it is the equality of 35N and MA
which is used in assertinmg that
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=2 o =g

= HA AS = 2ZaA. f SA = AM.AB.

From this follows the similarity of triangles BAM and
JAB, and, JAB being a right trisngle, 50 also is BAM. Hence
BM is perpendicular to AS5:. Since

BN AR
AB(= AH) ~ AS

the triangles BAS and BAZ are similar, whence, ZB being
equal te AZ, AB = BS.
From this,

2
2
=5 ‘2?‘ ST AN=SF

where 1 and E are !.he radii of the epicycle and deferent

AS

respectively. S0 the magnitude of the first epicycle
fistance sector iz

i — 1 E - -1 F

90"+ DB = 90"+ sin”" AN = l:a-:wsn-u_iL (F AN) =90+ Sing (7)

= 90" 4+ gin” [f sine, ).

R Cwax=T"
The resemblance of this expression to that from 20:11

since for the epicyelic equationm Sinm

is not surprising in wview of the fact that an eccentric
deferent model with mno epicycle iz easily shown to be
equivalent to Lhis arrangement. The rule as given by
Bliruml in 43:1-2 4is wvalid provided that the sines there
nentioned are with parameter T

He is &t peins to point out that since M is the mid-
point of AS, B canmot be the midpoint of DH, or, as we
would put it -

sin%a#%sin 8.

This is the crux of his criticism of AbU MaSshar's
rule, just as in the case of the deferent equation im 21:3
gbove. Imn this case the criticizm is more valid, since for
many planets the epicycle radivs is & large fraction of the
deferent redius. The spproximation %— sin @ = sin %—E then
deteriorates.

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

90"+ sia~ 1S5 D0 < L

Note the resemblance in the argument of the Inverse function
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to our expression above for AM.

In 43:10-12 Birunl rightly points out that AJ/BM #BM/MA,
rather AJ/AB=AB/AM. If the first expression were an equs=
lity we would have

HA:-EEE = Eﬁ:
AJ 57

i.e., BM seems to be what Abu Ma®shar means by "Sin pf".

43:16 = dd:16. In this passage the general Ptolemaic model

is assumed, that is te say, Lthe center of the deferent (in
Figure &) is displaced from H, the center of the universe.
Two extremal positions of the epicycle are considered, those
at maximum @and at minimum distance from the center of lue
universe. For each af these Birusl sthows that the first
epicyclic distance sectors, &rcs KbB smd Y¥S5T respectiively,
gre computable im terms of the parameters wllfhv particular
planet, the eccentricity and epicycle radius. His explana-
tion is straightforward and requires no commentl.

We note, however, that he gives to the arcs €p and TS

the name "mean depression™ and "mean elevation” respectively

they being the increase or decrease in the size of Lhe
first sector caused by the eccentrieity of the deferent.
BIrinl points out that oaly at these two special epleycle
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 @& completely general
position of the epieyele on the deferent.

In 46:2 we have restored ;gail of the text, which makes
ng sense, Lo %ﬁ}l, the masculine form of which ceccurs in
the next line.

Atsuming &8s given the "mean center" of the planet ({the
mean longitude measured from the apogee, angle ATH in
Figure 7), BIrunl shows how to compute K®D, the first epi-
evele distance sector, inm terms of the eploycle radius and
the eccentricity.
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#1313 ~ G1:18. In this last paszage desling with the epi-

cyclic distance sSectors Biruni concerns himself with the
réiation between the sector boundary and the intersection
of the epicycle and the deferent for various positions of
the former. Much of what he s5ays seems obscure, amd parts
¢f the text may be garbled. Apparently he is working
toward a quick, approximate method of finding the dnitial
podnts of the sectors, for o general position of the epi-
cycle, which involves less labor thain the direct computa=
tion outlined in the preceding passage.

The entire discussion, from 33:10 to §1:18 seems arti-
ficial and somewhat peintless, since it is never applied,
either in this text or anywhere else, to our knowledge. It
seems reasonable to conjecture that the doctrine of Ttran-

sits™ and "elevationd was g holdover from some earlier

and
more primitive sciestific milieu inm which eccentric orhbits
end equants were unknown. If this was the case it is not
surprising that BIrunl should have had difficulty in

dttempiing to apply to it the complete Ptolemaie planetary
dpparatus.

He claims that the maximum "depression™ (AL in Figure

&) of the sector boundary below the deferent will accur,
not when the epicycle center is on the apogee, but when the
epicycle is so locsated that a mean distance position om it
coincides with L. The latter point is the intersection (on
the spogee side) between the locus of meéan distance posi-
tions and the line of apsides. BIrin] describes how to
compute this “toisl depression™(4B:1], al-inhltii al-kulll)
in & manner analogous to the determination fn; the other

Cases. The usage Is apalogous to "total sine™(sinus totus,
— e iE

al-jaib a8l-kulll) for the sine of ninety degrees.

BIrinY next remarks (48:11) that when the epicycle
center is at F the depression will be IETO.

In like fashion he shows how to compute the ™total
elevation™ arec TP. In 49:8 we have made @ conjectured
restoration., ﬁ-lillle tampering makes some sense of the
pessage, but pmot much. Let the epicycle diameter be d and

uge the fact that radius KF is perpendicular to ZK. Since
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PF is the maximum epicyclic equation for zero eccentricity,
for small d,

1 d 1 d
4

PF = Sin~ —E—ﬁ-Z Sin”

This presumably is the "are of the chord™ (50:3 and 50:17).
But this is the sort of thing for which BIirin so severely
criticizes AbUY Ma®shar.

In 50:8 the reference is probably to the interpolation
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 actual distance is some-
where in between the extremals.

The rule of 51:13 seems to say that for & genere.
situation the elevation h (or depression) is

h

where & is the deferent arc from the epicycle center to the

b
-E{tnx hi,

epicycle position for meximum elevation, and A iz the defe-
rent arc between the epicycle positions of meximum eleva-

tion and zero elevation.

51:19-52.9, BirunI now gives one of the two sets of pars-
meters which would be needed to csrry out the calculations

indicated in the preceding sections, the deferent eccentri-

cities. They are shown in the first column of our table.
Eccentricities
Eplieycle
Text Almagest Radii

L] 3:34 3;25 6;30

x 2:41,30 2:45 11320

&I 6;33,30 60 | 39;30 |

2 1:15 1;15 | 43;10

] 3 109 3 to 9 2[2];30

He claims they are from the Almagest [23], but the sectual
Almagest eccentricities differ from them for all three
superior planets. We are at a loss to explaln these dis-

crepancies.
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52:10 = 53:2. Here BIrind explains the variable eccentrici-
¥ Ptolemy worked out for Mercury. rﬁf.{EG], p.200,} The
deferent center is carried about on the small circle shown
in Figure 9. In all circumstances the eccentricity is the
distance Irom the center of the universe (H) to the defe-
rentl ceénter. A general position of the latter is shown at
Z, and BirunI explains how to determine HZ. Simce KD=DT
=TH =3, the extremal eccentricities will be 3 (= HT] ané

9 (= HK) as given In the text.

E3:3-6. This passage gives the second set of parameters
required, the epieyole radii. The numbers in the text are
shown in the third column of the table above, All are, as

Birtnl says, from the Almagest, provided we restore the

value for Mercury as shown.

53:6-65:13. This ir a section of great interest in that it
gives several sets of maximum epicyclic equations, some
mentioned nowhere else in the literature. As Biruni remarks,
these follow from the magnitudes of the epicycle radii, as
has been demonstrated in the comment on 41:2 above. The
first column of the table below is the set Birunl attribu-
tes to Theon's Canon, no doubt the Ptolemade Handy Tahles.
They are the same &5 those found in the Almagest ([23], ed.
of Halma, wvol.ii, pp.301-309) except for that of Venus, for
which the Almagest has 45:;57%. The corresponding values in
al-Battani's zIj [18] wre identical with those of our text.

Paulus
Shighra epieycle

Theon's| Ibn al- o - : ivelic ©
e S AtTan Shah Z1j Circumference E.Fl(j' mas
l Khond. | Teat | Text |omputed
| o619 548" 5;44°({70:9:8) a0 | 40| 6:27] 6.2
2} 11;3 11;3 |10;52 : 72 72 | 11:32]|11:28
& | 41;9 41;9 |41:30 (=0:1) 234 | 255 | 40;32|40;35
Q | 45:59 46:8 | 47:11 (-0;1) 260 | 290 | 45;15|46:10
=} 21:30 (- 0:0,30) 21;36|21:29
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Concerning Ibn al-Alam see 23:2 sbove. His maximue
|lr'iﬂ_'.'l.'fji.'|: equations make up the second column in our table.

Other parameteérs of the Shah Z1j have been listed in
Lhe comment te J30:10 - 31:8. In the third eceolumn of the
present table we 1list the maximum epicyclic equations as
given in this passage, with the varisnts Birunl notes
entered in parentheses. To this z?j, to Abu Ma®shar, and
te al-Khwarizal we will revert in connection with the
tables on pp. 8T and 91 of the rext,

Ya“gub ibn Tarig is mentioned in 30:11 shove only to
gtate that his maximum planetary deferent equations &re
those of the Shah ?.-I_;I. Apparently two of his maxlimum epi -
cyclic equations differ from those of the Shah: Tor Jupiter

he has 10;30°, and for Venus 46:16°.
Al-Sarakhsi is mentioned in 23:15 above,

For Paulus our text gives the circumferences of the

ghra epicycles (cf. 31:17 sbove). These are displayed

in the fifth column of our table. For comparison we give

in Lthe preceding column the circumferences common to the

Khandakhadyaka @und the Suryasiddbanta of Varahamihira
(9., pexiil. The text slso gives corresponding maximum

equations, with the now familiar method (see the comment Lo

3d1:17 abovel

57:18 57;18 <t
=rF = ——L—0 = - = D:9. 35
Emﬂx J6 0 o, 0 c L ik
of converting between them. The last two columns of the

table give the text values for & and the results of our
max
computation, It will be noted that, execept for Venus, the

correspondence is elose.

We cam only regret that BIrunl has been unable to
give us Lhe shighra as well as the manda equations for

oLther Sonscrit sources also.

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

i

velocity of the planet, Figure 13 tacitly assumes a
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Situption equivalent Lo the solar motion in Ptolemy's

planetary theary, an oojecl moving at comstant speed in &

circular orbit ABJD, the center of which LZ} is5 slightly
displaced from the ohzerver's: station at B, A, A, and &

have Lhe meésnings defined in the commentary re 18:12 sbave.

He correctly asserts (in 56:2) that the angular velocity of
Lhe object as viewed from H will have @ minimum @t the

apogee (A} and & maximum at perigee (J). At the same

points the equation (&) will be zero. Further, the end=
points, B and D, of the chord perpendicular to AJ Lthrough H

dre the points at which the angular velocity of the object

dLtalns 1Ls mean value (56:-4). AL the same positions the
equation () s maximue snd minimum. Put in modern terms,

if & is regarded as a function of time, then, using the

Custemsry dot rotstion for derivetives with respect to time,
since h==h_g,ﬁ=h—é. Then, when

é:ﬁ Lwo simultaneous

consequences follow: (1) A=A, and (2) €& has a maximue or &

minimum.

These facts (or their equivalent) were well-known Lo

the Islamie astronomers, and they are set forth in the
Almagest, Nevertheless Birunl takes time to show esreful-

ly (56:9-58:2) that the maximum equation does oeccur at 0.

The four points A, B, J, and D sre mede Lhe initial

points of the first, Second, third, and fourth

deferent
Velocity sectors respeciively (56:14).

In the Ptolemaic theary the sun is the only celestial

ohject Mto which this model was applied without modifica-
o Ll

tion. For the planets Prolemy found It necessary to assume
sy ) 3

that the center of the epicycle moves on the deferent in
such fashion that its angular velocity as wviewed from T
rather than from Z, is canstant. T is the gquant center,
1i

30 placed on the ne of apsides that TZ = ZH.

- i

Under these circumstances A, the mesn longitude, will
not be measured as shown on Lhe figure, but by the angle
ATH, BIrunl claims (58:7) that the point giving maximum
equation will still bhe B, but rthis is WTOng. In fact, with

the equant model, maximum equation will oceeur & quadrant's

distance along the defereat from A. (cr. [131, p.250).
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58:11 - 59:9, Here Birunl tacitly makes uwse of the facLs
applied above, namely that maximum {(or minimum) equation
implies megn angulsr velocity. Now the appliecation [z to
the epicycle rather tLhan to the deferent. If a simple,
non-ecoentric model it wused, & tangent (ZD im Figure 11)

to the epicycle from the deferent center marks the extremal
epicyclic equation, angle =ZD. Hence when the planet, inm
its course around the epicycle reaches D, its angular velo-
city 4as viewed from D will attain its mean value. Biruni
points ouwt (59:3) that the point 5 in the epicycle of
Figure 11 corresponds te H in Figure 10.

With the full Prolemaic model the center of the uni-
verse is displaced to the eccentric position H. Then Lhe
maximum epicyclic equation will be angle LHK, LH having
been drawn tangent to the epicyecle. The arc KL then gives
the magnitude of the f[irst "adjusted™ epicyclic wvelocity
sector, while arec SHD 15 that of the first (or fourth)

"mean™ epicyclic velocity sector.

59:9 - 60:6. Here Birunl classifies the sectors as has
already been done in the commentary to l5:8. Sectors I and

il

IV are "escending” ‘Ei:li‘- IT and II1 are "descending”
(habit}. i

In 60:2 we restore the ilﬂ of the text's iiiﬂi to a
tad, making the word astad.

The fact that séi£ may mean either "higher™ or "ascen-

ding™ may explain the ambiguity in termimology.

60:7 - 61:18. Here Biruni announces a preference for Lhe
(mean) distance sectors rather tham for the velocity sec-
tors just defined. His reason for the preference is not
clear to us.

He remarks that since for the planets the direction
of rotation im the eplicycle and In the deferent are Lhe
same, the maximum angular veloelity (disregarding the effect
of the equant) will occur when the planet is at epleyclic
ipogee. This siteation is reversed with the Ptolemaic

moon, simce the direction of rotation in the lunar epicycle
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15 Opposite that in the deferent.

With +the planets the effect of the epicycle is so

marked as te reverse the direction of sdvance of the planet

as viewed fros the earth, causing fL for & time to rTetro.

grade., The instants @&t which the angular velocity vanishes,

either in passing from direct to relrograde motlon, or from

retrograde to direct,are known gs stations. Biruni suggests

} that the corresponding points on the epicyeles might

(&1
better be taken 835 sector boundaries instead of the points
of mean asngular velocity,

G2:3-6. This passage is a graceful tribute from one great
sclentist to @ grester, and Lo which we can only add a
fervent amen,

62:9-14. BIruni's rule iz here

ax
45 In the comment to 20:11. By "first opinion™

90°+ Sin~ Y(4Sin e,

he designates
the distance sectors, as distinguished from the velocity

sectors. The "unmodifled argument™ is of course A,

62:15 - §3:2. The rule for the end of the first velocity
===t = Nuirs
sector, the “second opinion", is

= ap*
h 407 + Emax'
As BirinY zays, the same point is marked by A= 90°

gngle AHB im Figure 10.

. Here Birunl mentions the manner of treating

63:3-10 uni
sECLoTs  im & number of zTjes. All the tables of sectors
available to us have been discussed in [13].

In neither of the extant wersions of the z1j of Habash
([14], pp.152.3) are thers any secior tables, The s;mp is
true¢ of the single version of Kushyir's z1i (9 in [14])
examined by us, The susmaries referred to in the passage

are not extant.
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63:10-13. Concerning the plametary deferent Sectors see
(13]. pp.249-251, and the comment to 55:14 above.

63:14-17. The statement that only epicycle sectors are
used for the moon supports our theory that the doctrine of
sectors was developed in connection with & body of astrono-

mical theery in which as in the Hipparchian and Hindu astrao

nomy,only one lunar equation was dealt with(ef.47:13 above).

Biruni's statement is a reflection of the fact that in
the Ptolemaic lunar model ([20), pp.192-194) the distance
from the earth to the epicycle center §g not a function of
E , but of the mean elongation, h 58y, the difference
between the lunar and solar mean longitudes. The double
elongation is 27 . The epicycle center will be at deferent
dpogee when 21 = 3607 (mean opposition), and whesm 27m = 720°
(mean ¢onjunction). It will be at deferent perigee when
27 = 180" and 270" (mean quadrature}.

For & discussion of the lunar sectors see [13), p.252.

63:18 — 64:6. Here BIrind apparently reconciles himself to
an approximate determination of the epicycle sectors for
the Ptolemaic planertary models. The method he advanceszs is
not clesar to us but evidently it is ap effort to make Lhe
deferent eccentricity modify the epicycle sector bounda-
ries. The wse of half the equation of Lhe center for Lhe
fectors reckoned according to the “"first opinion®™ (mean
distance) may be & consequence of the fact that that  half
the maximum epicyclic equation (or halfl its sine) is used
in determining the boundaries of the epicycle distance
fecltors. (See the comment to d1:2.) For the “oLher
opinion” d.e. for sectors reckoned according to mesn angu-
lar velocity, the entire equation of the center is used in
modifying the epicycle sector boundaries,

Gd:7. This Individual is otherwise completely unknown to
uE.
64:12-17. Birunl is, of course, right. The arguments of
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65;7-18. Here BIrinT resorts to Sarcasm, a@s was nol uncom-
man’l
Iated iv s "tides™, perhaps with no good reason,

65:19 - 66:8. Here B
LB e e L B

66:6. If, for whatever reéason, the deferent is divided
inte guadrants as shown in Figure 12, then the gquadrant AB
will subtend less than a right angle at H. That is, when

A=90°%, A< 90%. If now the sectors are regarded as arcs of

- 1 s . |
assumption Lhat brightoness vaories inversely with distance

the case of the latter it is not s matter of the &pparent

ON TRANSITS

mean and apomalistic motioms are independent variables,

and to @ssumé Lhat the moon is in conjunction is to @ssume
nothing whatseever about the value of tha anomaly. I
b4:19 = 65:2. This approximation to Lhe anomalistic month,
2T ::.:n“ :=2?:33,2ﬂd is a crude Babylonian arameter,
¥ P

¥y hizs wont. In 65:11 we have restored 3l to gl
The sentence beginning in 65:18 is unintelligible to

The word gp\e occurs also in 61:12 where we have trans—

-
]

runi concocts 8 way of eaking sectors

d IV for the sun smaller than 11 and III, 85 stated in

"parecliptic™ (mot shown in the Tigure, c¢f. the comment

8:12) rather than of the dcfcrﬁn5 sectors 1 and IV will
xceeded by II end IIT. In 6b6:6 and 66:T we again

ore AJf in the text to q€f.

= 673;13. This is the epening passage of 3 considerable
ion, which reaches to 71:11, and which deseribes the
1cal attributes implied by the presence of a celestlial
in & particular sector, The suthor desls first with
rent distunce sectors, stating that insofar as bright-

is concerned, the object will be at a minlmum st J
ee, maximun at perigee, and will be increasing in T
hineses (sinece it is approaching the earth) in sectors I

11, and decressing in III and IV. This iz besed on the |

the earth; it ignores the phases of the planets, end
*glects the effect of the eplcyele. BIrinT likens this

1t waxing and waning of the moon, pointing out that inm
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dismeter, but of the portion of the lighted face which {s

turned toward the earth,

67:14 - 68:12, Turning nmext to the velocity sectors the

author observes that angular velocity is a minimum at the
dpegee, maximum st perigee, and monotonic Iim between in the
sense tThat it is always increasing in sectors I ond IT snd
decreasing in III and IV.

In 68:1 we restore JE of the text to SJUl.

Biruni states (68:5) that the equation is increasing
In odd-numbered sectors snd decreasing in the others., and
that the statement applies both to deferent and to eplcyce
sectors, We would say under the same circumstances that
the equation was increasing or decreasing in absolute valus

For the deferent {but not the epicycle) sectors the
"computation is diminished"™ (68:6), meaning, as we would
put it, that the correction to be added to the mean longi-
tude is negative in sectors I and II. In the other two it
Is positive.

Birinl seems to share our uncertainty as to the mean-
ing of "number®™ (al-fsdsd) in 6B:9, In tabulating & func-
tion having & period of 360" and symmetrical about 1BO® jt
Wis customary to enter the arguments in a pair of adjoining
columns, each known as "the columa of the numbsr™ (satr
al-%adad) from 0'to 186D° down one, thence back up the ulh;:
to 360°. This may be what is meant in 68:10. Many zljes
have tables of functions giving reciprocsls of the distan-
tes from the center of the universe to sets of points on
the deferent or epicvele. Perhaps this iz the meaning of

68:11.

68:13 - 69:8. Since the rotation im the lumar epicyele is
contrery to the rotation Imn the deferent, the effects of
the former resemble gualitatively the solar motion, For if
the sun's eccentric deferent were replaced by @ suitable
epicyele, rotatiom in it would likewize be opposite Lo that
of the mean eotion. In both cases when the object s in

séctors 1 and IV the epicyclic motion tends to slow down
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Lhe motion with respect to the center of the wniverse, and

conversely to speed it wp in the remaining two sectors.

69:9 - T1:2. The planetary models differ from that of the
moon in two respects. For one thing the rotation im the

epleycle is in the same direction as that arocund the defes
rent, hence the epicyelic motion accelérates tLhe latter in
sectors I and IV and decelerates it in the other Seclors.
But further, the deceleration feor all the planets is so
drastic &as to cause each Lo become retrograde for a while
in the wicinity of the epieyclie perigee. 1In this passage,
Birund recites the sequence of events as the planet passes
through the epicyclie sectors in succession. In T0:2 we
restore (U of the text to g, Ll.

He mentions a gecond time (70:4, ef. 16:1 abovel the
primitive explanation of the planetary retrogradations as
being caused by halters, which here he speaks of as exténd-
ing from each planet to the sun. Thus stated, the notion
has much to recommend it and we too can think of the retro-
gradations as consequences of a restraint exerted from the
sun - the pull of its gravitstional field.

Since BIrinY considers thé sbsolute value of the
equation (ef. the comment Lo 6B:5 above), his statement
here (70:17) to the effect that the epieyclic equations are
increasing in the first and third sectors and decreasing in
the others iz valid.

With the "computation™ (ef. &B:6 above, and the com=
ment), en the ‘other hand, the sign of the equationm is
taken inte consideration. Now theé epicyclic and deferent
effects are opposite, since in the Tirst and second epi-
cycle sectors the equation Is additive, and subtractive in
the third and fourth.

As with the deferent sectors, the spparent diameter of

the objeet is less in sectors I and IV, and greater in 11
and JIT.

11:32-5, In TrTeferring here to increases and decreases of
latitude Birumd wtilizes the concept he has previously
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developed (see B:10 above and the comment) of north as

connoting "up”. The "inclined heaven™ (al-falak al-ma'il)

is the plane of an orbit which is -slightly dnclined with
respect to the ecliptie. The plaome of the inclined heaven
intersects the celestisl sphere inm a great circle which in
turn dintersects the ecliptic in a pair of points, the
ascending and descending nodes. Apparently the lstitude
sectors are the four quadrants of this great eircle which
Commence with the ascending node and proceed from west to
¢ast overhead, The latitude will be increasing (in abso-
lute value) in sectors I amd IIT and decressing iIn the
other two. It will be "ascending™ (i.e. proceeding north-
ward) in I and IV and “descending™ in the other two.

T1:5=-11. In like manner the ecliptic iz divisible into
four sectors by the four astrological centers (see the
comment to 7:4 above). Their manmer of numbering is des=
cribed clearly by the author.

The results of this whole section on ™increases: and
decreases”™ (66:9-Tl:11) are displayed in the table which
appears on page 104 of the printed text (our page 116).

11:12 ='73:3. Here begins the detaliled discussion of the
transit in thickmess, = 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 hollow, concentric spherical shells,
Since the shell of Venus, say, was inside that of Mars,
and separated from it by interveninmg shells, the radfus
vector of the former could mever equal, much less exceed,
that of the latter. Hence Venus could never actually
tramsit, i.e. cross over, Mars in the sense of thickness,
It was customary instead to compare the radius vectors of
Lwo planets relatively, esch with respect to its own maxi-
mum afd minimum distances (71:15). The sitwation is com-
plicated by the fact that the length of the radius wector,
like the true longitude, is a function of two variables,
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Lhe mean longitude and Lhe apomaly. To put the same state-
menl differently, the location of the planet with respect
to the sectors, both of the deferent and the epicycle, is
relevant.

The rule given in T1:19 ignores these difficulties by
saying that if R £ A the planet is ascending, d.e. receding
from the earth; If i A it is descending. These conclu=
5ions are valid for a planet having an epicycle alone; Lhe
effect of the eceentrie¢ deferent 45 just the opposite.
Since for most planets the eccentricity is small, perhaps
it was mneglected, or this may be an additional piece of

evidence pointing to the theory that the original “users

of the transit™ were operating with a pre-Ptolemaic variety
o S 2= wf - .
I°F OrivioN 2™ (or OrHiER) OPINION
] Je
&

A o)
::‘“ :f}\*. | ;ﬁwlfga
III.

MHmw"ﬂt
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ol d5Lronomy 1n which Lhere was GAlY one equalion per
planet. This seems ta be the case in the discussion of
DEl oW,

In passage T2:14-17 is the first Juxtaposition of the
two conflicting “"opinions™ regarding ascent and descent.
According to the “first opinion™, encountersd already in
15:10 and 59-9 above, a planet i5 53%id (here "higher™)

whenever the length of its radius vector exceeds its mean

value, This will ococur when it is in (diztance) sectors 1

and IV. 1In sectors Il end ITI it is hEbit C(here "lower e

According to the "second opinfion™ the planet is s5ti

“ascending™, when the length of the radius vector is
increasing, and this is the ecase in sectors ITI amd IV.
When the vector's length is decreasing the planet is E}ht!‘
"deseending™, which is the case &n $ectors I and I1.

The situation is displayed graphically in he figure
on page loB for both the epicycle and eccentric hypotheses,

In thisz connection, see Q2:10 below,

73:4-8, This passage makes little sense Lo us. IT: it
could be resd “the mean of esch (inferiar planet) is the
sum of the sun's measn and its (Lthe sun's) equation™, al
would be well, but the text is unequivocal,

As for T3:5, the difference between Lhe mean longi-
tudes of the sun and a superior planet is indeed the pla-

pet's mean snomaly, but the reference heres 5eems to be to

frior planets,

d:1. Here Birun] voices precisely the criticism which

we have made in the comment Lo Ti1:12 above.

T4:2 — 77;2, In order somehow to take beth equaticns into
consideration, Abu MaSshsr (zee 5:10 above) adopted Lhe
following expedient. He formed two numbers: () a constant,
the arithmetic mean of the two maximum equations, and, (] ]
variahle, the algebrale sum of the values of the two equa-

3 " Y 4
tions at the instant in question. If @ > (D the planet
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In 80:5 is the first mention of the Jewish gstrologer
Messehalle, known in Arabic &8s Mashallah (more properly
transliterated ﬂi sha' Allsh) ibn Atharl al-Basrl, whe
flourished at the eighth century Abbasid court invﬂaghnau.
His fame was second only te that of Abu Ma®shar. The son
gentioned im ©63:T above is otherwise unknown to us. Ses
[26], p.5.

B0:B -~ 85:17. Magnitude of Transit.
In this passage Biruni describes variant methods of

computing the "magnitude of transit™ (migdar al-mamarr), a

concept dntroduced din T9:13 abowve. It is determined by
taking the difference between the planet's mean and Lrue
longitudes and multiplying it by a constant, K.

In 80:11 the constant fs determined by putting
4
k = — = 3% -
Abu Ma®shar's predecessors (B0:12) obtained the same
thing by setting
kE = 8/50.

The rule (BO:16) common to Mashallsh (ef. BO:5 abowe),
the Shah 23J (cf. 24:7), and al-Jawzsharl is

B0 a60 _ 2 168

3600 " 500 O ' I5
The zIj of the latter individual is otherwise completely
unknown to us. Deletion of & single letter in his name

would make it al-Jawhari (f1.830) one of the astronomers of
the caliph al-Ma'min, snd to whom & =zIj is attributed
t[14], p.136.)

The practise of Abu Ma®shar (ef. 5:10 above), is to
put, for the planets (81:13),

For the sun and the moon, however, he put (81:17)

k d Jdb

e R
for reasons which neither wWe nor HTrEn? can explain.
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According to sSome “books of the asirologers™ (B2:14)

40 18 4
1806 * I% ¢ FE.
although in some cases (83:1)
3
216" 216" _3:36 _ 5 _ 18
gr— (F — =53 —_5' = aw)

Was erroneously put for the second ratio, 18/25,

Abu *A1T (B83:5) is wnknown to ws. He garbled the
above rule to

k _40 18

= Too E
while MashEllah's books scmetimes had (B3:7) successive
corruptions of

40 _ 160 . 60 _ 15
T80 J'n‘ 1
Al-Farghani wis also one of the sastronomers of

al-Ma'min ([26], p.18&). The passage concerning his rule
(83:15) depends on the fact Lhat

k = Tf']‘ =;%9,36 = 92— = 576" = (40) (2} (6™

expressed in sexagesimals. It looks as though the division
by five (83:16) is redundant, Concerning "elevation™, see
Lhe comamenl to 26:4 sbove,

In 83:15 we reslnrqjaﬂ‘tnt}iﬂh“uxcnss" or "difference®
between the mean and true longitudes. If this difference
is in minutes, multiplying by (42)(2)(6) will indeed give
the result in thirds (minutes times seconds) as 83:17 says.

Concerning 1Ibn al-Bizyar (B4:15), see the comment to
10:1T7 abowve.

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

T 1
K = E%- {ﬁiy
In the Berlin version of this 21§ (15 in [14],f.114v) there

appears a short section on Lhe transit. In it the rule

Says to multiply the equation of the center by T/1Z.
Probably the 12 (L) i5 the result of some scribe having
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left off the frontal stroke of the initial kaf in 22 (8.
Precisely this error is noted (B5:7) in the Kafil o )
work otherwise unknown to us.

The proverbial expression inm B5:6 haz a play on words
between aghrab, “more strange®™, and ghurah, "orow” .

The table mentioned in 85:9 is probably just a multi=

plication table giving in sexagesimals

A : . =
.Hﬂ:‘rl—_\,__;—n: 0;9%,36 n, Bk i e ok B 4 - B
-

This would be a convenience in computing magnitudes of
transit.

Having looked at all the varianl methods of what is
essentially the same operation, it is well ta ask the
resson for performing it. A clue is given by T9:13, which
sgys that magnitude of tranmsit is the amount Lthe planet
rises or descends, presumably away from or toward the
earth.,. I we restrict consideration to a planet in 3
single epicycle sector, say I, then the difference belween
its mean and LEue ||:l||.._:|i1u<‘||_'.‘; ig indeed a (pnon=linear)

measure of its deseent

from its apsidal |l|'lﬁ.'|f.i|ll: of mMax1l=
mum distance. Once the planet has passed into sector 11,
118 4"!1|-':1.If:-.'| 1% & WMEasure |.|:‘ 1Ls ascentl frll!“ Lhe F:'F[ l-_:l'"'

pasition it is then approaching, and S0 on

This does not explafin the coefficient K, and for it
we have in faect noe satisfactory explanation. The most
[ruitful suggestiom has been made by . Neugebauer, who

remarks that 3 is an attested Babylonian approximation to

]

ey

the number 7. (Cf.[20], p.47.) Using this, our formula

for magnitude of transit becomes

he = ;; .

As we have seen frequently (e.g. im 32:1 ff.) 1t was
customary in Hindu astronomy to [ix the sizes of epicycles
by giving thelr circumferences in degreéees, where & degree
stands for'the 360th part of a planet®s mean orbit. The
inventor of the tramsit im thickness concept may have

sought te transform his circumferential & into & radial
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distance by dividing by 270 This conjecture 1Is reinforced
by the usge of a better spproximation to T in Lhe zIj of

Habash and in some copies of the Shah 21§ as noted above.

85:18 - B9:8. The Doctrine of Abu Ma®shar

Except for the final section the remainder of the book
i given over to a detalled discussion of the usage of twe
strologers, or groups of astrologers. Abu Ma®shar is the

oom

irst,

He computed a set of constants

4
wm-.':_'ZE Eﬂ'l'-ah
for each planet and for both wvarieties of equation, the
epicyclic and the deferent. The Wax 15 c2zlled the "apogee
chord®™ if the Cnax is that of the deferent; the "radius
thord™ is obiaimed from the epicyclic e .
- max
For a given instant form also
=,
W= 15 El

-
2h

known 83 the "partial chord”™ (al-watsr al-juz'I) of the

spogee or redius depending on whieh equation was wused,
Notice that the Lwo équatlions are treated separately,
Now
L

WMHI

o o=

is ecalled the "minutes of tramsit”™ (daqga'"iq al-mamarr).

]
Ubviously one would obtain the same result by forming
E/"’n.u' This is pointed out by BIranl (BH:1T7),

Assuming that the sector is known, the determination
of H gives us a measure of the planet's elevation or depres-
sion with respect te its mean distanee. If & planet
happened to be in the third sector H=0 would indicate that
it wag gt the dmitial opoint of the sector, at minimum
distance from the earth. If f=1 it would be (approximately)
4t medn distence, at +the endpoint of this sector. Any
intermediate M would indicate an interior point of the
sector, and one p larger than another would insure that the
planet in the first case is farther from perigee than in
the second. An essential point is that division by h‘;f.ax
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insures that all epicycles and ecceéntricities for different
planets are made comparable, since all are cut down, as it
were, Lo a standard size.

Biruni gives a table of Woax for all the planets,
presumably from Abu Ma®shar's £1] Im the printed text
this table has somehow had its place exchanged with another,
and appears on page %1. We have restored it to its proper
place on page BY. In all the entries we have restored the
text's A to  gp.

In principle, since each entry in the table (except

for the sun and moon) is of the form

i |

= - —
ﬁ-ﬂﬂkl 09,36 C max b: 15 Coax *

division of each by 0;9,36, or mueltiplication by

should present us with a complete set of Abn Mafshar's
paramerLers., In fact the texl, in addition Lo obvious
misreadings, 15 rather corrupt, In some cases we will find
it necessary to work both ways in order to obtain probable
restorations. In other cases no restoration seems feasible.

. il T g = -
For the two luminaries we recall Blruni's statement in

Bl:16 that the coefficient Is double the usual value. The
o

standard solar £ . iz 2:14%, and we notice Lhat
arax

2:1402)(0;9,36) = 0;42,52,48
This is not identical with the tsble entry, bot trial of
2:;13, the only other probable value, yields & result so
different from the text that 2;14 seems clearly the praper
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 essily restorable.
For the apogee chord of Saturn,
B:3T(0;9,30) = 1;22,43,12 ,
also close to the Lext.
For the redius chord of Satuern,
B:44(0:2, 36) = 0:55,2,24 ,
which iz irreconcilable with the text.
For the apogee chord of Jupiter,
5:6(0:9,36) = 0;48,57,36 ,
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which entails the restoration of one digit in the text.
For the radius chord of Jupiter,
10;52(0;9,36) = 1;43,19,12
which involves the easy restoration of two digits.
Operating in the reverse direction for the apogeen
chord of Mars, we obtain
1;47,12,006;158) = 11:10,0,0,0
which is the parameter sscribed to al-Fazarl in 31:8 sbove.
For the radius chord of Mars,
40;30(0;9,36) = 6;28,.48,0 |,
which requires only the easy restoration of the text's 3
Lo é—
The apogee chord of Venus has been disposed of above.
For the radius chord,
47:11(0;9,36) = 7;32 57,36
The restoration of the text to this is less drastic im the
dbjad sexagesimals than would appear from the transeription.
For Mércury, maximum equations of 4;0" and 21;30% give
complete correspondence with the text.
The results of these investigations are displayed i

the first column of the tahle bLelow.

_Abu Ma®shar Mashallah
126 2:14" i
. 4:56 4:56 |
TIEM:" i} ; ET iz .ﬂ'l"'
nwu- —'“__‘_ 5;‘1-‘1
al 8T 2;0
10:52 10:52
Ti:10 >
a 40;30 40:31
fie Z:14 2:13
9 47;11 47;11 |
4;0 4:0
Q 21 :30 21:30

In BB:17 we restore the el of  the text to >slel.
Evidently Biruni's "due time" (89:8) was sufficiently
delayed Lo carry out his hope, for in the bibliography of
his ‘own works made late in his life he lists a trestise on

the shortcomings of AbU Ma®shar's z1j. Onfortusately it

hizs not come down to us.
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B9:9 - 103:14. The Doctrine of “Umar ibn al-Farrukh@n and

Ibn al=-Farrukhan (f1. 770) waes one of the early Muslim
astronomers who translated scientific works from Persian
into Arabie ([26], p.T). 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 inbte-
rest is the table referred to in 90:10. The table fitself
hag been misplaced in the printed text and sppears on page
BY where AbT Ma®shar's table of chords should be. In the
translation we have restored both to their proper posi-
Lions.

The word ey~ in 90:10 has been restored to Cipde . In
the table X, has been restored to /5!, and g;g Lo éﬂfg'

The table consists of what we will ecall ™apportioning
coefficients™, ratios between all pairs of maximum equa-
tions, except that deferent equations are paired with defe=
rent equations, epicyclic with epicyclic. In the upper
triangular array of the table the sun and msoon do not
appesr, since in this system the moon, like the sun, has
only one inequality in its motion, The ratios are so cho-
sen as Lo be greater tham 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 Saturn and the sum is 13994,
meaning

3:53,14 = 3(60°)+53(60)+14.

The existence of this table implies that &f any one
epicyelic or deferent maximum equation is known all the
others may be computed in terms of it. Moreover, since
there are many ratios dinvelving any particular planet,
results cam be checked several ways and scribal errors
restored with complete certainty. Initial wvalues for
beginning the process are.at hand, in the passage of the
text where parameters of the Shah 231§ are cited. Thus it
has ©been possible to obtain all of the maximum equations

used by Mash@llah's version of the Shah Z1j except for the
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deferent eguation of Mars, sinee all the ratios involving

it are mutually inconsistent, The results are shown in tLhe

Second calumn of the table in the commentary to B5:18 above

The "one of Lhe (above-Imentioned opinions™ (90:13)
followed by *Umar is the "second opinion™ deseribed in the
comment to T1:12. Here Birunl states dgain (90:15) that to
infer ascent or descent it is insufficient simply to com-
pute the difference between the mean and true longitudes,
f

fTor the equation thus found is compounded of the epicyclic

and eccentric effects, which may appear in any arbitrary

combination. There follows @ long discussion based

on
Figure 16, The cdrcle ABJID is Laken to répresent cither a
deferent or an epicycle. BIruni's statement at 92:1 iz a

consequence of the fact that in the Hindu planetary theory

the ‘equation of the center is computed by the "method of
sines", (Cf. the comment 1o 24:19, alss 121) . pt 1770,
Hence rmaximum tquation ocours at the quadrants,
In reading 92:3-11 the reader may find it useful to
refer to the figure dccompanying the comment to T1:12,
Irind

Biruni proceeds (93:12-93:17) tra compare the situa-

Lions of two planers, ¥ and 2, located on the same orbit.
His remarks about pProjecting them on the line of apsides AJ
make little sense unless he is regarding the circle as an
eplcycle. Moreover, since both are on the same epicycle,

fome method must have been in wse for expanding the smaller

epicycle to the size of the larger. This furnished a elus
Lo the application of the table of appertioning coeffi-
Clents which follows 90:11. For these coefficients may be
regarded as ratios between epicycle radii, or between
maximum eéquations. Before comparing elevations between
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 (93:18 - 95:9) of tha section,
consideration is given to the ascents and descents of pla-
nets In different sectors. Again the tscit Bssumption
to be that the cirele of the fTigure is

SEems

ap epicyvecle,
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ON TRANSITS

In 99:16 we restore an alif to 4o to obtain asy |,
MishEllah hed evidently picked the three pairs of
planets associated im the table below thiz paragraph, why
these Lhree we do not know, and for each he computed the

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

True longitudes | Equations of | Division
of conjunction the center the apportionment
Ap -
3 ., 1858 a8
Wl [T | vesE 400’
I m/ ey = ‘| S48  op '
\,_,z h =548 ';3-=TJ71-| = 528
1 Ay - i
& 172;44 &7
LR ﬂﬂ. - v
F| { | wzad 566
'.__n m _.-. : e
R L1 In 60 €30 ©v.=0 = AR
@J 211 2
Ay - "
. _ 1B98 A00
v I X" o .
g o | 18u8 125
o M n-0=27S| 2¥S _ 435 .
Ge) & Essmho
Z =126
ws's

In order to verify bhis results, Birunl attempts to
recompute the componenit equations, working backward from
the true longitudes, and apparently with a copy of the Shah
Zij at hapd. He begins with Saturn, alleged by Mashall3h
to have AA=400" = 6;40 descending (99:16, according to the
“second opinion®). Imn the following we will use AM for the
difference between the true and mean longitiudes, the custo-
mary plenetary symbols as subscripts, as well as the subs-
eripts &, ¢, and Ap for anomaly, center, sand apogee
respectively.

To obtsin the approximate argument of the center, put
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Ag— Aagpw =189;8" — 240° = 309;8".

The text (99:19) has 309", whence, says Birunl, from

the Shah Z1j ome obtains
E{[Suwﬁ = §:35",

By way of comparisonm, the published version of

al-Khwarizmi's sz [{1&], p-139) has
E‘tﬁﬁﬂ"*'} = §:37".

Both are close to the 6;40 given by Mashallah, but the
location of the mean planmel is also affected by the size of
the anomalistie equation. Birunl therefore attempts Lo
approximate the argument of the snomaly as being (100:5)

An" hh_z 360% — 189;8° = 170;52°

The corresponding tabular entry is

€.(170:52%) = 1:8°%,
to which may be compared nearby entries in al-Khwarizml
(p.143) of
Eal]TO'] = 1:6 ,
and E%l]?li1 = 0:55".
Then
Ax— €2 = 189;8° — 1;8° = 188",

the adjusted center (100:T7). From this an ilemproved argu-

ment of the center is

A~ o

and the corresponding equation (100:9)

= 188" - 240" = 308",

€.(308°%) = 6;41%.
Al-Khwarizmi's corresponding entry is
€ (308%) = 6;43°.
An improved value for the mean lomgitode of Saturm 1Is
(10D0:11)

’}"t = 188°— 6:41" = 181:19°",
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whence SA = 189:8%— 181 198 =2 7-49% = 44097

0f this BirinT now computes the sagnitude of transit

L100:13) bv pu‘.i:irlg. {ef. 80:107

4
=]

ﬁ.-_é-.ﬂu:l\ ) = -'._TE_'I:-I 469"}

With this BIrunT drops Saturn and taskes up Jupiter,
He rightly criticizes Mashallah's putting the longitude of
Jupiter equal to the equinoecial longitude of Saturn, 58 Y-
ing that by the time the conjunction occurs the latter will
heve moved somewhat. Be that as it may, this gives for the

opproximile srgument of the center (101:1)

N s o5 = =189:8 — 160"=29:8",
DAy = Ks"#_-'*l-‘f.u = Ay =i I
From the Shah Z7j

S.029;8%) = 2:20° = 148",

which 15 the same as the corresponding éntry for al-Khwarliz-

( [16], p-la4)

. A
€ 129%)=2;28".

Without this vime giving the detsils of Lhe determing-
Lion, Biruni announces as &n improved value, &, =2;:19%°
Meither this, however, nor the magnitude of transit COmpu=
ted above is wtilized. He reverts to the 148" of 101;2 and
the 400" of 99:16, adding them to get 548" = 9:8 in 101:6.
This is divided by the appropriate spportioning coefficient

from the table following 90:11 (ef. a0:4),

548 _ 9:8(5:6) _ c.o,
Gong R e

The text (101:T7) hes 5:280, whieh valus i confirmed
later. This is the elevation of Jupiter over Saturn.

Now the Jupiter-Mars pair is5s considered. Biruni
Starts with Jupiter, which is alleged to be 67'=1:7" above
Lhe secior (101:9). The approximate argument of the center
is

M = A n =172:44°— 160°=12;44°,

Ao

although the text has 12:45. According to 101:11
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€.(12:45%) = 1;9°,
which is close to al-KhwarizmT's (p.l1d4d)
€.(13*) = 1;8"°
By separating out the 1iwo equetions BIrin] obtains
(101:12) E.=1:11". Again the first approximation is clo-
ser to MashZ11ah's wvalue than dis the ieproved vwversion,
For Mars the claim is 566" = 9:26 below the sector
(101:14). Put Ag= .;\4511'2;-1-1". Then Lhe gpproximate
argument of the center will he

o

Ag— e = 172144° — 115°= 57.44°,
although BIrund gives (101:16) 57:45%. Now
£ (57;45%) = 9;27",
the same as the entry of al-Khwarizml
€.(58°) = 9;27°,

Upon ndding the minutes for both planets the text
reports 630", although &7' 4+ 566" = 6£33'. It would appear
Lo us that since the sectors are the same the numbers should
have been subtracted, snd in this Birund (102:4) seems Lo
concur,

Nevertheless the result is divided by the proper
apportioning coefficient from the rahle following 90:11 to
cbtain (102:2)

633" _ 10;33(5:6) __ .,
T896" T s

a result which is confirmed later inm the text; it iz the
elevation of Jupiter over Mars.

In 102:4 we restore the text's S 1o Lo,

To account for Mashillih's having added the minutes
Birund conjectures that perhaps he took Mars as being in its
actual position, A = 344", since then, insofsr az the apogee
is concerned, it would be ascending. The approximate argu-

ment of the equation would them be
Ao = Mg = 344° — 115"= 229°,

The text states (102:8) that then
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= (229%y =3:15"
[ =

which is widely divergent from al-KhwarizmI's corresponding
entry (p.l154) of B8;24%. Perhaps the text thould be restored
to [A]):15*

Biruni also tries putting Mars in epposition to
Jupiter, a:,ka=35!;4l’. Then the argument of the equation
would be

Mg = Mg o = 352 ;44"

~ 115"=237:44*,
whenea
€ (237;44%) = 7:30°,
whereas the corresponding entry in ol-Khwarizmi's table
(p.154) is 9;27*. It would be plausible to restore the

Qe (seven) of the text to ad(nine), yielding [9];30°

Finally Birunl tries putting Mers ati the point in
opposition 1o its given position. The dpproximale argument

of the center becomes
Aa— hﬁrd. = 164%~ 115%=49",

and the egqustionm (102:11)
€49 = 7.1°

Al-Khwirizmi's entry (p.151) ‘is again B8;24", by wirtue of
the symmetry of the equation function, since 229°_-49"=180".

The text now passes  an te the Saturn-Sen couple.
P

In 102:14 the word ,:_-__.}_-?}15 must be restored to W .
Put A m Ay=189;8" whereupon the approximate argu-
menl of the solar anomaly becomes

hg_-}‘.&r,u = ]89;8" — B0"=109:8",

Although the descent MEshGllEh actually
125' = 2;5%

takes is

BIrinT says (102:17) the tabular Entry oppo-

site the argument is
eﬂ::uu:rs‘n = 2:6%.
Al-KhwarizeT (p.135) has

E@HD‘F‘) = 2:6,18°,

Had WMeshallah teken the

sun in its proper position
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(the wernal peint), or opposite it (the autumnal point),
the argument of the anomaly would be 80°% giving (102:19)
for both assumptions

€,(80°%) = €. (B0°+1B0") = 2;10°.
Al-Khwirizmi's corresponding entry (p. 134) iz 2:11,44",
For Saturn a value of 400" has previouwsly been compu-
ted (99;16). That of the sun being in the same direction

we subtract:
400" - 125" = 275' = 4:35.

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

275" _ 4:35€2;13) L ;.44
9004 =~ @37 = lilo,

which is the elevation of Saturn above the sun.

= |

This added to the other two “elevations™, from 101:

and 102:2, gives

5:28 4+ 4:48 + 1:10 = 11:26",

.d
57 6

This is converted into time, 11 ., by the engag-
ing expedient of putting twelve months equal to & year, and
thirty days equal Lo a month.

We have consolidated all these operations in the table
on page 180. In the three circular diagrems we have super-
posed the zodiacal positions of the associated pairs of
planets in such fashion as to make their apogees coincide,
thus forcing the sets of sectors into 8 standard position.
With the &id of these diagrams we note that the three pla-
nets "over™ their sssociates are correctly placed in the
Sense Lthat each of the three is closer to the spogee than
its mate. But this is the hest that can be said for
Macshallah. Biruni is right in claiming that the 566" 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 descents of the two planels
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comparable, compensating for Saturn's greater eccentricity,

Whatever Mashallah's shortcomings from a logical point
of view, it has been possible to put this second=hand frag-
ment of his labors to work, and to show that the planetary
equstions of the center in the z1j he used, the Shih, were

computed by the "method of sines™ g[tﬂj‘ p.259).

103:15 = 10d:1. The table referred to here, and which takes
up most of page 104 of ithe text is a consolidation of the
conclusions reached in 66:9 - T1:11.

10d:1 = 106:2. This discussion, based on Figure 18, is =

clear description of how to compute the earth-planet disti=
ance for a given instant and for the Ptolemaic model. This
i5 Lo be done in terms of the deferent radius, the planet's
mean distance, Two planets' distance may then be compared,
::'|1.|'||,||.||J|1 no allowance is made for the fact that even with
this arrangement the maximum distances of Eny Lwa planets
will differ. Far be it from ug, however, to offer an sddi-

tioanal scheme.

100:3 - 107:3. This is a final reversion to the tramsit in

latitude, first discussed in B:9-11:17. Birunl seems to be
sayling that for it, as in the preceding passage, the maxi-
mum variations ere not to be ™normed™ o &  common unit,
rather the latitudes of the 1wo planets are to be compared

i% Lhey are.

107:4-7. This is a closing reference to the notion of ele=
vation with respect to the horizon, See 7:8 and the commen-
tary. The "azman™ there referred to are units of time
obtained by putting the 360" of daily rotation equal to

twenty-four hours. Thus an hour equals fifteen "times"™,
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INDEIX
References to the trasslation give page amd line of the
Lext, separated by o colonm. The corresponding numbers appear
Glong the left-hand edge of each page of the trenslation.
Numbers preceded by @ double asterisk (ss) are references to

pages of the commentary.

abui al-®Abbas al-Bawalfa®s] Arjabhad, see Aryabhata
see al-Hawalfa®s] Arkand, 32:16. s 152
ibn “Abdis, al-Hasan iba Arysbhata, 25:11,25:14, 25:18,
“A1T, 64:7 26:6, 27:8. wx 140, 141
ibp gl-A®lam, Abu al-Qasim, Ascendant, T1:6,9. w126
al=-“Alawi, 23:2, 23:13, Ascending, 15:10,12,13,15,
30:4, 54:3. aee 136, 147, 59:10, 60:4,5,6, T71:4,
L60, 161 T2:12,.13, 7T3:1:15, '9%6:10,
al-FAlawl, see ibn al-A®lam 97:13,16,17, 98:5,7.9,
Almagest, 18:16, 22:4, 24:3, 100:19, 102:4, 103:3,
29:14, 29:15, 52:5, 53:3 104, = 163, 171, 172
54:2, 62:8. == 134, 137, Ascent, 11:2.6, 67:5. T2:13.
146, 15%, 160, 161 T3:9, T5:6,11, 7T7:11,
abu TALT, ww 174 T8:19, 79:9,11,14, 84:12,
Al-Amull, AbU Mubh. sl-NE'ib. 13, 89:17, 90:2.3,12.14,17,
s 143 . ST:10,010, 1T, B3:1%, 94d:1.3,
Anomaly, s 182 04:6,9,12, 95:4_. 6,8, 96:15,
Apogee, 17:5,15, 18:9, 97:3,10,18,19, 98:2.8,13,
99:16,18, 100:8,10, 101:3, 103:12. == 1860
100:18, 101:9, 101:13, CAsmat, see €Ismat
102:3, 102:14, 103:1,2. hsécctlsj, EEE.ELEE oppesition,
#% 130,153, 166, 181, 182 quartile, triplicity, trine,
Apogee, eplicyeclice, 18:5 sextile, 78:17, 88:2.8,
Apportionment, 90:4,6,8, 04:15
93:12,15, 94:19, 101:6, Astrologers, books of the,
102:1, 103:5. == 179, 82:14
180, 185, 187 Auj, see Apogee
Argument, ms |B2 Auk (=auj), see Apogee
Argument, adjusted, 62:19. Avesta, 13:1;_-
= lb4d
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Awlath ibn Sahawl the Astro-

loger, see ibn Sahawl
P

Babylonian, 166

al-Baharain(?), 61:12,65:18,

ww 1O6
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