SCIAMVS 7 (2006), 145-174

Kiushyar ibn Labban’s Glossary of Astronomy

Mohammad Bagheri

History of Science Dept., Encyclopaedia Islamica Foundation (Teheran)
Lorentz fellow of the Nterlands Institute for Advanced Study
in the Humanities and Social Sciences

Kitshyar ibn Labban is an Iranian astronomer and mathematician who wrote
his major astronomical work al-Zzj al-Jami< (lit. “The comprehensive astronomi-
cal handbook with tables”, abbreviated here as ZJ) between 1020 and 1025 C.E.
[Kennedy 1956, pp. 125, 156-57; Bagheri 2006, p. 1]. This Arabic treatise consists of
four Books: I) Elementary calculations, IT) Tables, IIT) Cosmology, and IV) Proofs.
I have prepared an edition of Books I and IV with English translation and commen-
tary as my PhD dissertation at Utrecht University. I am now working on Books II
and III of ZJ in order to complete the work for publication.

We know very little about Kushyar’s life [Bagheri 2006, pp. 1-2], however, there
is an interesting quotation from him which was not noticed before. In MS Cairo,
Dar al-kutub Miqat no. 691 (Books I and IT of ZJ), fol. 24v, there is a note by the
scribe at the end of Book I as follows:

Kishyar said:

“<I> observed the conjunction of Mars and Saturn with <my own> eyes in nightfall of
Thursday 21 of Tirmah of the year 362 of Yazdigird (=11 July 993 C.E.). Then I found
their true longitudes for the <local> meridian. <According to the result,> Saturn was
in Pisces 0;59° and Mars in it (i.e., in Pisces) 1;50°, at the beginning of its retrogradation,
by subtracting two degrees from its mean longitude and adding two degrees to its mean
anomaly. <I did this> in order the make it sure for myself that one may not rely on
observational zzjes. Because if they turn out to be correct in one <case> by some tricks,
they are erroneous in ten <cases>. There is no way to correcting them by the scientists
of our time and by efforts of our rulers. And greetings (i.e., that’s all).”

This is his (i.e., Kashyar’s) saying quoted from a manuscript in his hand.!
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There is a similar note in MS Cairo, Dar al-kutub Miqat no. 400 (Books I and II of
ZJ), fols. 42r-42v.

In Chapter 31 of Book III, entitled Al-bab al-mufrad fr jawami® %m al-hay’a (lit.
“A special chapter on generalities of the science of cosmology”), Kushyar defines
the astronomical terms which he uses in ZJ. In the list of the chapter titles given at
the beginning of Book III, it is mentioned that the astronomical terms are ordered
“according to <the subjects discussed in> the chapters of Book I7.2

This interesting and useful chapter was sometimes copied and circulated as an
independent treatise (mss. T, C and D below). In the preparation of this paper, I
have used the following manuscripts (the symbol in the beginning is the abbreviation
for the ms.; folio nos. at the end of each item is for Chapter 31):

C Cairo, Dar al-kutub, MS Mustafa Fadil Miqgat 158/2 [King 1981-1986, I, p.
395; II, pp. 105-06]; Chapter 31 of Book III, copied in 1182 A.H./1768-69 C.E.,
fols. 21v-28r.

D MS Daiber collection III, courtesy of Hans Daiber; Chapter 31 of Book III,
copied in 863 A.H./1458-59 C.E., pp. 8-17.

F Istanbul, Fatih, MS 3418/1 [Krause 1936, p. 472] (Handlist of mss., p. 196);
Books I-IV, copied in 545 A.H./1150-51 C.E., fols. 1v-175v (119v-125v).

L Leiden Universiteitsbibliotheek, MS Or. 8 [Voorhoeve 1957, p. 405; De Jong &
De Goeje 1865-1866, 111, 84-86, no. 1054]; Books I-IV, copied in 634 A.H./1236-
37 C.E., fols. 1v-124r (97r-99v).

M Moscow, Russian State Library, MS 154/3 [Matvievskaya & Rosenfeld 1983,
I1, p. 217]; Books IIT and IV, copied in 525 A.H./1130-31 C.E., fols. 36v-111r
(64v-69v).

T Cairo, Dar al-kutub, MS Tal‘at Majami‘ 811/18 [King 1981-1986, I, p. 564; II,
pp. 105-06]; Chapter 31 of Book III, copied in 1063 A.H./1652-53 C.E., fols.
198v-202r.

Y Istanbul, Yeni Cami, MS 784/3 [Krause 1936, p. 472], (Handlist of mss., Ahmed
ITI, p. 64); Books I-IV, copied in the 6th century A.H./12th century C.E., fols.
230r-362r (336r-339v).

There is another manuscript of this single chapter in MS Princeton, Mach
4898=Yahuda 373, fols. 320v-325r, copied around 1050 A.H./1640 C.E. and titled
Risalat fi jawamic ta‘rifat <ilm al-hay’a (“Treatise on the generalities of the defini-
tions of the science of cosmology”) [Mach 1977, p. 422; King 1986, p. 45]. This
manuscript was unavailable to me. There is also an (unnumbered) ms. of Chapter
31 written in Hebrew characters in the collection of Rabbi Qafih (Jerusalem) pre-
pared by himself in San‘a during the 1920’s [Langerman 1996, p. 151], which was
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inaccessible to me.

In this paper, I have used F, the oldest complete ms. of ZJ, as the basis for edition,
and M as an alternative ms. These two and the ms. D provide similar versions of
Kiushyar’s glossary of astronomy. Other mss. deviate from these versions for the
order of the terms and sometimes for the descriptions and they are not copies of
the same version. Only ms. T is almost similar to Y (see also the “Commentary”
below). All the mss. present the order number of the entries using abjad numerals,
except ms. D in which Hindu-Arabic numerals are applied for this purpose.

In the English translation, I have tried to keep the structure of the original
sentences. However, I have provided some additional words in angular brackets, i.e.,
< > in order to make the translation understandable. My explanatory notes in
the text are given inside parentheses, i.e., (). The transliteration of each Arabic
astronomical term is also given in parentheses. In the edition of the Arabic text I
have used “om.” and “add.” in the footnotes to denote omitted and added words,
respectively.
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Translation

A Special Chapter on the Generalities of the Science of Cosmology
1. Era (al-ta’rikh): A known day to which the time which has passed is referred.

2. Circle (al-da’ira): An area bounded by a single <curved> line inside which
<exists> a point <such that> all straight line <segment>s drawn from this point
to the circumference are equal. This point is <called> the center of the circle.

3. Diameter (al-qutr): The straight line <segment> that connects the two
endpoints of a semicircle arc, so it inevitably passes through the center of the circle.

4. Chord (al-watar): The straight line <segment> that connects the two end-
points of a partial arc of the circle.

5. Sine of the arc (jayb al-qaws): The straight line <segment> drawn from
one endpoint of the arc standing at right angles on the diameter drawn from the
other endpoint. It is also half the chord of the doubled arc.

6. Versed Sine (al-jayb al-ma‘kus): A portion of the diameter between the
endpoint of the arc and its Sine. It is also the Sagitta of the doubled arc.

7. Gnomon (al-miqyas): A straight body either perpendicular to the horizon
plane or parallel to the horizon plane. It may be either divided into 12 <parts>
called “digits” or into 7 or 61/2 <parts> called “feet”. It may <also> be divided
into other <numbers of> parts. Its shadow is used in <certain> types of operations.

8. Tangent (First Shadow) for any arc (al-zill al-awwal li-kull gaws): Tt is
obtained from the gnomons parallel to the horizon plane. It is the line <segment>
drawn from the foot of the gnomon parallel to the Sine of the arc.

9. Cotangent (Second Shadow) for any arc (al-zill al-thani li-kull gaws):
It is obtained from the gnomons perpendicular to the horizon plane. It is the line
<segment> drawn from the foot of the gnomon parallel to the Cosine of the arc.

10. Arctangent (Arc of the Shadow) (qaws al-zill): The altitude arc for
which the shadow of the gnomon is <cast>.

11. Secant (Hypotenuse of the Shadow) (qutr al-zill): The line <segment>
that connects the tip of the gnomon and the end of the shadow.

12. Sphere of the whole (kurat al-kull): The moving sphere that makes all
stars move from east to west, a single rotation during each nychthemeron (lit. “day
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and night”).

13. Great circles (al-dawa’ir al-izam): <The circles> whose planes pass
through the center of the sphere and cut <the sphere> into two halves.

14. Circle of the equator (da’irat mu‘addil al-nahar): <The circle> drawn
<with its pole> at the pole of the sphere of the whole (i.e., the north or south pole)
and its distance (i.e., the arc of great circle between its pole and its circumference)
<equal> to a quadrant of the great circle.

15. Circle of the ecliptic (da’irat falak al-buruj): <The circle> described by
the sun through its proper motion from west to east, a single rotation in <each>
year.

16. Circle of the horizon (da’irat al-ufuq): Dividing <circle> between the
visible <part> of the <celestial> sphere and <its> hidden <part> and its pole is
the zenith.

17. Circle of the meridian (da’irat al-nisf al-nahar): <The circle> whose
poles are the equinoctial rising and setting points <of the sun>. It intersects the
circle of the horizon at right angles.

18. Altitude circle (da’irat al-irtifa“): <The circle> which passes through the
zenith and the given star (or planet).

19. Orbs (aflak): <They are> nine <orbs>; seven <orbs> for the moving stars
(i.e., planets), the eighth <orb> for the fixed stars, and the ninth is the moving
<orb> which makes all these <orbs> move.

20. Sphere of each star (i.e., planet) (kurat kullu kawkab): <The sphere in>
which all the motions <of the planet> are contained.

21. Parecliptic orb in any sphere (al-falak al-mumaththil fi kull kura): A
circle in the plane of the ecliptic and <centered> at its center.

22. Inclined orb in any sphere (al-falak al-ma’il fi kull kura): A circle whose
center is <the same as> the center of the ecliptic orb and whose plane is inclined
with respect to its (i.e., the ecliptic orb’s) plane.

23. Eccentric orbs (al-aflak al-kharijat al-marakiz): The circles in the planes
of the inclined orbs. Their centers are apart from the center of the inclined orb.
<For the case of> the sun, <the eccentric orb> is <situated> in the plane of the
parecliptic orb.
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24. Epicycles (aflak al-tadawir): Small circles whose centers <are> on the
circumferences of the eccentric orbs.

25. Mean longitude of the sun (wasat al-shams): An arc of the parecliptic orb
between the beginning of Aries and the line drawn from the center of the eccentric
orb passing through the body of the sun.

26. Apogee (al-awj): Farthest position on the circumference of the eccentric
orb from the center of the ecliptic orb.

27. Mean anomaly of the sun (khassat al-shams): An arc of the parecliptic
orb between the apogee and the line drawn from the center of the eccentric orb to
the sun.

28. Equation of the sun (ta‘dil al-shams): An angle <whose vertex is> at the
body of the sun on the circumference of the eccentric orb constructed by the two
lines drawn from the center of the parecliptic orb and the center of the eccentric
orb.

29. True longitude of the sun (taqwim al-shams): An arc of the parecliptic
orb between the beginning of Aries and the line drawn from the center of the ecliptic
orb to the sun.

30. Mean day (al-yawm al-wasat): <The duration of> one rotation of the
equator from a noon to <the next> noon plus an extra arc equal to the daily mean
motion of the sun.

31. True day (al-yawm al-hagigi): <The duration of> one rotation of the
equator, as we have said, plus an extra <arc equal to the> increase of the sun’s true
longitude by the <next> noon.

32. Equation of time (ta‘dil al-ayyam bi-layaliha): <The summation of> the
difference between the mean day and the true day.

33. <Geographical> longitude of <any> locality (tul al-balad): An arc
of the equator between the meridian circle passing through the end of the inhab-
ited <lands> and the meridian circle of the locality. <The arc> of the equator
between the meridians of two localities is <called> “<the distance> between the
two <geographical> longitudes” (ma bayn al-tulayn).

34. Mean longitude of the moon (wasat al-gamar): An arc of the parecliptic
orb between the beginning of Aries and the plane that passes through the center of
this (i.e., the parecliptic) orb and the center of the epicycle (this plane is perpendic-
ular to the parecliptic plane). <The magnitude of> this arc is the same < whether
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it is taken> from the parecliptic orb or from the inclined <orb>.

35. Mean anomaly of the moon (khassat al-gamar): Its distance from the
apogee of the epicycle <counted> in the opposite order <of the zodiacal signs>.

36. Double elongation <of the moon> (al-bu‘d al-muda‘af): An arc of the
parecliptic orb between the position of its apogee and the plane that passes through
the center of this (i.e., parecliptic) orb and the center of the epicycle (perpendicular
to the parecliptic plane).

37. First equation <of the moon> (al-ta‘dil al-awwal): An angle <with its
vertex> at the center of the epicycle, constructed by the two lines drawn from the
center of the parecliptic orb and the <prosneusis> point on the rectilinear extension
of <the line segment that joins> the apogee and perigee of the epicycle. This point
has been mentioned in Chapter 30 (in fact, in Chapter 17 of Book III; see the relevant
footnote in the Arabic edition).

38. True anomaly and adjusted mean anomaly <of the moon> (al-tadwir
wa’l-khassat al-mu‘addala): An arc of the epicycle between the moon and the plane
drawn from the center of the parecliptic orb that passes through the center of the
epicycle (this plane is perpendicular to the parecliptic plane).

39. Second equation <of the moon> (al-ta‘dil al-thani): An angle <with
its vertex> at the center of the parecliptic orb, constructed by the two lines drawn
from this center to the center of the epicycle and to the body of the moon.

40. Difference (ikhtilaf): The difference between <the magnitudes of> the
radius of the epicycle as seen at its maximum distance <from the earth> and as
seen at its minimum distance.

41. Sixtieths (daga’iq al-nasab): A number whose ratio to 60 minutes is equal to
the ratio of the actual “difference” (see above) relating to the center of the epicycle
to the maximum “difference” in this position.

42. True longitude of the moon (taqwim al-gamar): An arc of the parecliptic
orb between the beginning of Aries and the plane that passes through the center of
this (i.e., the parecliptic) orb and the body of the moon (this plane is perpendicular
to the parecliptic plane).

43. Node (jawzahar): It <refers to> the two nodes created by the intersection
of the inclined orb and the parecliptic <orb> for any star (i.e., planet; or the moon).

44. Mean longitude of a star (i.e., planet) (wasat al-kawkab): An arc of
the parecliptic orb between two planes passing through the center of the equant orb,
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one which passes through the beginning of Aries and the other through the center
of the epicycle (these two planes are perpendicular to the parecliptic orb).

45. Mean anomaly of a star (i.e., planet) (khassat al-kawkab): Its distance
from the apogee of the epicycle <counted> in the order <of the zodiacal signs>.

46. Mean centrum (markaz): An arc of the parecliptic orb between the two
planes passing through the center the equant orb, one of which ends at the apogee
and the other at the center of the epicycle.

47. First equation <of a star (i.e., planet)> (al-ta‘dil al-awwal): An angle
<with its vertex> at the center of the epicycle constructed by the two lines drawn
from the center of the parecliptic orb and the center of the equant orb.

48. True anomaly and adjusted mean anomaly <of a star (i.e., planet)>
(al-tadwir wa’l-khassat al-mu‘addala): An arc of the epicycle between the two planes
passing through the center of the epicycle, one of which passes through the apogee
of the epicycle and the other through the star (i.e., planet).

49. Adjusted centrum (al-markaz al-mu‘addal): An arc of the parecliptic orb
between the two planes passing through the center of the parecliptic orb, one of
which passes through the apogee and the other through the center of the epicycle
(these two planes are perpendicular to the parecliptic plane).

50. Second equation <of a star (i.e., planet)> (al-ta‘dil al-thani): An angle
<with its vertex> at the center of the parecliptic orb constucted by the two lines
drawn from it (i.e., the center) to the center of the epicycle and to the body of the
star (i.e., planet).

51. Difference (ikhtilaf): The difference between <the magnitudes of> the
radius of the epicycle as seen at its mean distance <from the earth> and as seen at
its maximum and minimum distance.

52. The true longitude of a star (i.e., planet) (taquim al-kawkab): An
arc of the parecliptic orb between the two planes passing through its center, one of
which passes through the beginning of Aries and the other through the body of the
star (i.e., planet).

53. Argument of latitude (hissat al-‘ard): The distance of the moon or the
star (i.e., planet) from the northern (i.e., ascending) node which is <also> called
“head” (al-ra’s).

54. Latitude (al-‘ard): An arc of the great circle that passes through the two
poles of the ecliptic, between the star (i.e., planet; or the moon) and the ecliptic.
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55. Arc of retrogradation (qaws al-ruji‘): An arc of the epicycle between the
two stations closer to the perigee.

56. Apparition and occultation of a star (i.e., planet) (zuhur al-kawkab wa
khafa’uhu): It is <regarded> under the sun’s light rays, either in the early mornings

or in late evenings.

57. Ascension of a star (i.e., planet) (su‘ud al-kawkab): Either <the star
(i.e., planet)’s motion> towards the apogee or towards the perigee of the epicycle,
and its descension (hubut) is <its motion> away from one of these two positions.

58. Partial first declination (al-mayl al-awwal al-juz’’): An arc segment of
the circle that passes through the two poles of the equator, between the ecliptic and
the equator.

59. Partial second declination (al-mayl al-thani al-juz’z): An arc segment of
the circle that passes through the two poles of the ecliptic, between the equator and
the ecliptic.

60. Total declination in the two <above> declinations (al-mayl al-kullt
fr'l-maylayn): An arc segment of the circle that passes through the poles of the two
circles (ecliptic and equator), between the ecliptic and the equator.

61. Positions (i.e., localities) on the <terrestrial> equator line (mawadi‘
khatt al-istiwa’): The circle on the earth’s surface in the plane of the equator.

62. Right ascension (Ascensions <at> the equator line) (matali¢ khatt
al-istawa’): <The arc> of the equator that rises <simultaneously> with an arc of
the ecliptic <as observed> in the positions (i.e., localities) on the <terrestrial>
equator line. It is <also> an arc of the equator circle contained by two <great>
circles drawn from the pole of the equator that pass through the two extremes of
the arc of the ecliptic.

63. Inverse of the <right> ascension (‘aks al-matali‘): An arc of the equator
between the two <great> circles that pass through the pole of the ecliptic and
through the two extremes of an arc of it (i.e., of the ecliptic). It is the inverse of the
<right> ascension of the arc of the ecliptic between these two <great> circles.

64. Distance of a star from the equator (bu‘d al-kawkab ‘an mu‘addil al-
nahar): An arc of the <great> circle that passes through the two poles of the
equator, between the star and the circle of the equator.

65. <Geographical> latitude of the locality (‘ard al-balad): An arc of the
meridian circle between the zenith and the circle of the equator, or between the pole
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of the equator and the horizon (the two arcs are equal).

66. Ortive amplitude (si‘at al-mashrig): An arc of the horizon circle between
the equinoctial rising point <of the sun> and the rising point of the sun on that
<given> day.

67. Equation of daylight of the <given> part (i.e., degree) of the
ecliptic (ta‘dil nahar al-juz’ min falak al-burug): The difference between the right
ascension of the <ecliptical> degree and its oblique ascension (see no. 69). It is
an arc of the equator between two circles that pass through the <given ecliptical>
degree, one of which <is drawn> from the pole of <the circle of>> the beginning of
the azimuths (i.e., the great circle through the zenith in the east west direction; its
pole is the north point on the horizon) and the other from the pole of the equator.

68. Equation of daylight of a star (ta‘dil nahar al-kawkab): An arc of the
equator between the two circles that pass through the star, one of which <is drawn>
from the pole of <the circle of> the beginning of the azimuths and the other from
the pole of the equator.

69. Oblique ascension (matalic al-balad): <The arc> of the equator that rises
<simultaneously> with an arc of the ecliptic <as observed> in this horizon (i.e.,
in the given locality). It is <also> an arc of the equator between the two <great>
circles drawn from the pole of <the circle of> the beginning of the azimuths (i.e.,
the north point on the horizon) that pass through the two extremes of the arc of
the ecliptic.

70. Maximum altitude of the sun or a star (ghayat irtifa* al-shams aw
al-kawkab): An arc of the meridian circle between the horizon and the sun or the
star.

71. Parallel circles (dawa’ir al-madarat): <The small circles> parallel to the
equator drawn <with their poles> at its (i.e., the equator’s) pole and at different
distances.

72. Half the day arc of the sun or a star (nisf qaws al-nahar al-shams aw
al-kawkab): An arc of a parallel circle between the horizon and the meridian. Its
magnitude is the arc “similar” to it on the equator. This “similar” <arc> is the arc
<of the equator> situated between the two arcs <of the great circles> drawn from
the pole of the sphere (i.e., the pole of the equator) <through the endpoints of the
arc on the parallel circle>.

73. Equinoctial hours <contained in one day> (al-sa‘at al-mustawiya): It
is <obtained> by dividing the day arc by 15 <degrees>.
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74. <Number of> the parts (i.e., degrees) in seasonal hours (ajza’ al-
sa‘at al-zamaniya): It is <obtained> by dividing the day arc by 12 <hours>.

75. <Ecliptical> degree of transit of a star (darajat mamarr al-kawkab):
The intersection point of the ecliptic circle and the circle that passes through the
two poles of the equator and the star.

76. <Ecliptical> degree of the rising of a star (darajat tulu® al-kawkab):
The point of the ecliptic orb <such> that the semi-circle of the eastern horizon
passes both through it and the star <simultaneously>.

77. <Ecliptical> degree of the setting <of a star> (darajat al-ghurub):
The point of the ecliptic orb <such> that the semi-circle of the western horizon
passes through it and the star <simultaneously>.

78. Altitude of <a star at a given> time (irtifa® al-waqt): An arc of the
altitude circle between the horizon and the star.

79. Arc of revolution (Revolved <portion> of the orb) (al-da’ir min
al-falak): An arc of the parallel circle between the horizon and the sun or the star
at <the time of> measurement; it is a segment of the day arc.

80. Sagitta of the day arc (sahm gaws al-nahar): The segment common to
the semi-circle of the meridian and the segment of the parallel circle above the earth
(i.e., above the horizon).

81. Arrangement Sines of the arc of revolution (juyub tartib al-da’ir): The
segments common to the segment of the parallel circle above the earth (i.e., above
the horizon) and the semi-circles parallel to the meridian circle.

82. Ascendant (al-tali): The point of the ecliptic which is on the eastern
horizon at <the time of> measurement.

83. Equalization of houses (taswiyat al-buyut): The division of the ecliptic
orb into 12 parts <so that> each part passes the meridian circle in two seasonal
hours.

84. Rate of a star (i.e., planet) (buht al-kawkab): Its true motion in a day or

an hour.

85. Lunar gain (sabg al-gamar): The excess of its (i.e., the moon’s) rate over
the sun’s rate.

86. Diameter of the two luminaries (quir al-nayyirayn): The diameter of the
apparent circle of their surface. It is also called “the magnitude (i.e., the thickness
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or width) of the orb”.

87. Diameter of the shadow (qufr al-zill): The diameter of the largest circle
that occurs in the cone of the earth’s shadow where the moon passes. It is <also>
called “the orb of the node”.

88. Conjunction (al-ijtima“): <The situation in which> the center of the earth,
the center of the moon, and the center of the sun are in the plane of a single circle,
while this circle passes through the two poles of the ecliptic orb.

89. Solar eclipse conjunction (al-ijtima° al-kusufi): <The situation in which>
the body of the moon and the body of the sun are on the <single> line that passes
from <our> sight to them.

90. Opposition (al-istighal): <The situation> in which the center of the sun,
the center of the earth and the center of the moon are in the plane of a single circle
that passes through the two poles of the ecliptic orb.

91. Lunar eclipse opposition (al-istigbal al-khusufi): <The situation> that
these three centers (mentioned above) or the <three> bodies <lie> on a single
straight line.

92. Lunar eclipse (khusuf al-gamar): The falling of it (i.e., of the moon) in the
cone of the earth’s shadow.

93. <Magnitude of a> lunar eclipse in minutes (daqga’iq al-khusuf): <The
portion> of the diameter of the circle of the moon’s <apparent> surface which is
covered <by the earth’s shadow>.

94. <Magnitude of a> lunar eclipse in digits (asabi‘ al-khusuf): The
<portion> of its (i.e., moon’s) diameter which is covered, in which <we take>
the diameter <equal to> 12 digits.

95. Adjusted <magnitudes in> digits (al-asabi‘ al-mu‘addala): <The
portion> of its (i.e., the moon’s or sun’s) <apparent> surface which is covered
(by the earth’s shadow or the moon), in which <we take> the area of its surface
<equal to> 12 digits.

96. Times of a lunar eclipse (azman al-khusuf): <They are> five <times;>
the beginning of the lunar eclipse; the beginning of the duration <of totality>;
the completeness of the lunar eclipse, which is the true <time of>> opposition and
is called the middle of the lunar eclipse; the beginning of the emersion <of the
eclipse>; and the completeness of the emersion.
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97. <Magnitude of> immersion in minutes (daqa’iq al-suqut): An arc of
the inclined orb between the beginning of the lunar eclipse and its completeness, and
between the completeness of the lunar eclipse and the completeness of the emersion
<of the eclipse>.

98. Adjusted times <of a lunar eclipse> (al-azman al-mu‘addala): These
(above mentioned) times adjusted by taking account of the moon’s latitude in each
time.

99. Distance of the two luminaries from the earth (bu‘d al-nayyirayn min
al-ard): <The length of> the line <segment> connecting the center or the surface
of the earth to the moon or the sun.

100. Parallax (ikhtilaf al-manzar): An arc of the altitude circle between the
position of a star (i.e., planet) <if it is> measured from the center of the earth and
its (i.e., the planet’s) position <if it is> measured from the surface of the earth.

101. The six angles which are needed in <the calculations of> the
solar eclipses (al-zawaya al-sitt allati tahtaj ilayha fo'l-kusufat al-shamsiya): The
angles created by the intersection of the ecliptic orb and the altitude circle at the
<ecliptical> degree of the moon. In each intersection, the desired <angle> is one of
the two northern angles which is less than a right <angle>, and it is <called> “the
latitude angle”. Its complement to 90 <degrees> is <called> ‘the longitude angle’.

102. Longitudinal parallax (ikhtilaf al-manzar fi'l-tul): <The distance> be-
tween the position of the true longitude of the moon on the ecliptic orb and <the
true longitude of> its apparent position on it (i.e., on the ecliptic).

103. Latitudinal parallax (ikhtilaf al-manzar fi'l-‘ard): <The difference>
between the true latitude of the moon and its apparent latitude <measured> along
a circle that passes through the poles of the ecliptic orb.

104. Apparent latitude (al-‘ard al-mar’): An arc of the circle that passes
through the two poles of the ecliptic orb between the apparent position of the moon
on the altitude circle, and the circle of the ecliptic orb.

105. Eclipse of the sun (kusuf al-shams): Its coverage by the moon.

106. The times of a solar eclipse (azman al-kusuf): <They are> three
<times:> the beginning of the solar eclipse; the completeness of the solar eclipse,
which is its middle and the true <time of> conjunction; and the completeness of
the emersion.
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107. Adjusted times <of a solar eclipse> (al-azman al-mu‘addala): These
are (above mentioned) three times, adjusted by taking account of the latitude of the

1moo1n.

108. Arc of vision (qaws al-ru’ya): An arc of the altitude circle between the
horizon while the star (i.e., planet) is on it and the sun below the earth (i.e., below
the horizon). This arc may also be taken on the altitude circle between the star (i.e.,
planet) while it is above the earth (i.e., above the horizon) and the horizon while
the sun is on it.

109. Distance of the <ecliptical> degree of a star (i.e., planet) from
the cardines (bu‘d darajat al-kawkab min al-awtad): <The distance in terms of>
seasonal hours between the degree of the star (i.e., planet) and the cardine (i.e., the
meridian or the horizon) from which the distance is taken, <in terms of> seasonal
hours.

110. Projection (Casting) of the ray by means of equal (i.e., ecliptical)
degrees (matrah al-shu‘a® bi-daraj al-sawa’): Arcs in the order <of the zodiacal
signs> whose magnitudes are 60, 90, 120 and 180 degrees, taken on the ecliptic orb,
if the star (i.e., planet) has no (i.e., zero) latitude; if it has a <non-zero> latitude,
<the arcs are taken> from the circle that passes through the body of the star (i.e.,
planet).

111. Projection of the ray by means of ascensional (i.e., equatorial)
degrees (matrah al-shu‘a® bi-daraj al-matali€): It is <similar to> the equalization
of the houses, based on substituting the <ecliptical> degree of the star (i.e., planet)
here for the ascendant there, and the equalization is <carried out> according to the
<oblique> ascension for the horizon of the star’s (i.e., planet’s) position (see the
next entry).

112. Horizon of a star’s (i.e., planet’s) position (ufuq mawdic al-kawkab):
The circle that passes through the star (i.e., planet) and the intersection <point>
of the meridian circle and the horizon circle.

113.  Prorogation (al-tasyir): The <time span of the> arrival of an
<ecliptical> degree which rises later, at the position of <another ecliptical> de-
gree which rises earlier, through the general rotation <of the sphere>, taking each
degree between them in terms of the <oblique> ascension for <the horizon of>> the
early-rising <ecliptical> degree’s position <equal to> a year, a month or a day.

114. Transfer of the year (tahwil al-sana): The return of the sun to its initial
position. This <takes place> in each 365 days, 5 hours, 46 minutes and 24 seconds
of an hour.
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115. Altitude with no (i.e., zero) azimuth (al-irtifa alladhi la samt lahu):
An arc of the altitude circle passing through the sun or the star (i.e., planet) and
through the equinoctial rising point <of the sun>.

116. Azimuth of an altitude (samt al-irtifa‘): An arc of the horizon circle
between the equinoctial rising point <of the sun> and the place where the altitude
circle meets the horizon.

117. Azimuth <measured> from the ascendant (al-samt min al-tali‘): An
arc of the horizon circle between the ecliptic orb and the altitude circle.

118. Argument of the azimuth (hissat al-samt): The line <segment> drawn
from the foot of the perpendicular line through the body of the sun <on the
horizon>, perpendicular towards the intersection of the parallel circle and the hori-
zon <plane>.

119. Equation of the azimuth (ta‘dil al-samt): It is <similar to> this (i.e., the
above mentioned) line <segment> perpendicular to the intersection of the equator
and horizon <planes> (i.e., between the foot of the vertical line and the intersection
between the two planes).

120. Argument of the altitude (hissat al-irtifa): An arc of the altitude circle
between its intersection with the equator and the horizon.

121. Equation of altitude (ta‘dil al-irtifa‘): An arc of the altitude circle
between its intersection with the equator and the circle that passes through the two
poles of the equator and the body of the sun.

122. Argument of the arc of revolution (hissat al-da’ir): An arc of the
equator between the horizon and the altitude circle.

123. Equation of the arc of revolution (ta‘dil al-da’ir): An arc of the equator
between the altitude circle and the circle that passes through the two poles of the
equator and the body of the sun.

124. Meridian line (khatt nisf al-nahar): The intersection of the plane of the
meridian circle and the plane of the horizon circle.

125. Deviation of <the directions of> localities and (i.e., also called)
their (i.e., the localities’) ‘azimuths’ (inhiraf al-buldan wa-samtuha): An arc
of the horizon circle between the meridian circle and the altitude circle that passes
through our zenith and their (i.e., those localities’) zenith.

126. <Difference> between the <geographical> latitudes of two local-
ities (ma bayn ‘ard al-baladayn): An arc of the meridian circle between our zenith
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and the circle drawn around the pole of the equator and at a distance <from the
equator equal to> the chord of the <geographical> latitude of those <localities>.
It was already mentioned that <the difference> between two <geographical> lon-
gitudes is an arc of the equator between the two meridian circles of the two cities.

127. Distance between the two localities (al-bu‘d bayn al-baladayn): An
arc of the altitude circle between our zenith and their (i.e., those other localities’)
zenith.

128. Equation of <geographical> longitude (ta‘dil al-tal): An arc of the
circle that passes through the equinoctial rising point <of the sun> for us (i.e., the
east point on the horizon) and the zenith of those <localities>.

129. Equation of <geographical> latitude (ta‘dil al-‘ard): An arc of the
meridian circle between the circle of the equation of <geographical> longitude and
the equator.

130. Adjusted latitude of a locality (‘ard al-balad al-mu‘addal): An arc of the
meridian circle between our zenith and the circle of the equation of <geographical>
longitude.

131. The fixed stars (al-kawakib al-thabita): They are different from the seven
moving <star (i.e., planet)s>. They are not fixed, but their <precessional> motion
is very slow as compared to <the motion of> the star (i.e., planet)<s>. Also, since
each of these stars is attached to one of the circles parallel to the belt of the sphere
of the <zodiacal> signs (i.e., the ecliptic) and does not leave it, and its latitude
does not change, they are called ‘fixed’. This is what we wanted to mention in this
chapter.

Commentary

In the text of ZJ, Kushyar uses the term ta’rikh (no. 1) for “era”, “epoch” and
“calendar” in different contexts (e.g., in Chapters 1 and 2 of the first section of Book
D).

In no. 6, Kushyar defines the terms such that al-jayb al-ma‘kus (“Versed Sine”) of
an arc « is equivalent to (60—60 cos ) and its sahm (“Sagitta”) to (60—60 cos(a/2))
in modern notation (the radius of the circle is taken equal to 60 parts). This is
consistent with the terminology used by al-Biruni [1934, 4] and Habash al-Hasib
[MS Berlin 57 Ahlwardt 5750 (WE. 90), fol. 80v]. However, in Chapter 4 of the
second section of Book I of ZJ, Kushyar’s calculation method for the Sagitta of an
arc leads to a result equivalent to (60 — 60 cos &) and he uses the term in the latter
meaning in the body of his zij (e.g., in Chapters 14 and 21 of the fifth section of
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Book I and Chapter 13 of the fifth section of Book IV). Only in the manuscripts C
and T the term al-jayb al-ma‘kus (“Versed Sine”) is mentioned as an equivalent to
sahm (“Sagitta”) and the entry is presented under the term sahm. These may refer
to a later correction by Kiushyar or someone else in order to achieve consistency.

Tangent and Cotangent (nos. 8 and 9) are equivalent to 60 times modern tan-
gent and cotangent trigonometric functions. In the following drawing, a and o’ are
gnomons; b and b" are the First and the Second Shadows (Tangent and Cotangent),
respectively; and ¢ and ¢’ are the Hypotenuse of the First and the Second Shadows
(Secant or Cosecant).

bx

Quir al-zill (no. 11) of an arc « is equivalent to 60sec « or 60csc v in modern
notation depending on using a horizontal or vertical gnomon. Kishyar mentions
the same term in no. 87, but in the literal meaning “diameter of the shadow [of the
earth]”.

In no. 15 Kushyar uses an expression for the ecliptic which literally means “circle
of the orb/sphere of the <zodiacal> signs”. However, the expression “sphere of the
<zodiacal> signs” (falak al-buruj) may also refer to the “sphere of the fixed stars”.
Al-Kasht used falak al-burij in the latter meaning in a Persian letter to his father
[Bagheri 1997, pp 244, 252].

The earth is assumed to be at the center of the ecliptic, the parecliptic orb and
the inclined orb (nos. 15, 21 and 22).

In the following figure, V is the direction of the vernal equinox, /VEA + /ACS
is the mean longitude of the sun (no. 25), A is its apogee (no. 26), ZACS its mean
anomaly (no. 27), ZESC its equation (no. 28) and LV ES the true longitude of the
sun (no. 29).

Kushyar’s astronomy is essentially based on Ptolemaic models. For more details
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about the Ptolemaic lunar and star (i.e., planet)ary models which were used by
Kushyar see relevant chapters in [Ptolemy 1984; Pedersen 1974]. One may also
consult my PhD thesis entitled Books I and IV of Kushyar ibn Labban’s Jami< Zij:
An Arabic astronomical handbook by an eleventh-century Iranian scholar which is
planned to be put in the website of Utrecht University.

According to what we find in all mss. in no. 48, Kushyar describes the ‘true
anomaly’ (al-tadwir) which is also called the ‘adjusted mean anomaly’ (al-khassat
al-mu‘addala) as an arc of the epicycle between two planes that pass through the
center of the parecliptic orb, while the planes should pass through the center of
the epicycle itself. The error has been corrected in the edition of the Arabic text.
He apparently assumes that the two planes are perpendicular to the plane of the
epicycle. However, he could simply define the ‘true anomaly’ as an arc of the epicycle
between two radii of the epicycle.

The terms zuhar (“apparition”) and khafa’ (“occultation”) in no. 56 actually refer
to the first and last visibility of a star (i.e., planet) after and before conjunction.

The term ‘aks al-matalic (“inverse of the <right> ascension”) in no. 63 is only
used in Chapter 3 of the fifth section of Book I for the calculation of the second
declination.

In definitions no. 67 and no. 68, the description of the equation of daylight as
arcs from the equator are correct only if we assume the ecliptical degree or the star
to be on the horizon.

Eight entries are missing in Y (nos. 107, 117-123). Ms. T is copied from a version
similar to Y, but the entries no. 73, 107 and 131 are missing in T.

Ten entries are missing in the ms. C (nos. 28, 45, 96, 118-123 and 131). However,
C defines 10 extra entries missing in other mss. as follows: al-hadid (“perigee”), al-
falak al-mu‘addil li’l-masir (“equant orb”), al-‘ard al-awwal (“first latitude”), al-‘ard
al-thani (“second latitude”), al-‘ard al-thalith (“third shadow”), irtifa qutb falak al-
buruj (“altitude of the ecliptic orb”) also called ‘ard iglim al-ru’ya (“latitude of the
clime of visibility”), irtifa‘ al-gamar bi-hasab ardihi (“altitude of the moon taking
account of its latitude”), sa‘at al-taqwim (“hours of the true longitude”), sa‘at al-
tahwil (“hours of transfer”), and manazil al-qamar (“lunar mansions”).

The manuscript in Hebrew characters has 137 entries [Langerman 1996, p. 151].
These extra entries (over 131 entries in this edition) should be some of the extra
entries in the ms. C.
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Arabic Text
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B Dand Y ol ¥ L o o s instead of ¢fll W found in F and M. However, the term ¢a ‘di al-
awwal (the first equation) is actually explained in Chapter 17 of Book III.

Y F om.
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% In all mss. Jiedd instead of 53 which is the correct word in the context
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7 C presents the entry as & sl SIS 5 el (i e (“latitude of the moon and the superior planets”), and
then adds three extra entries (not found in other mss.) for the first, second and third latitudes of Venus and

Mercury (see Commentary).
28 M olia
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