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Z��j as-Sanjar��

MoØra deutèra. PerÈ t¨j katal yewj tÀn yhfÀn, t¨j perisseÐaj, 282vv

t¨j traxhlaÐaj, toÜ tìcou, t¨j sagÐtaj kaÈ toÜ ski�smatoj kat� polÌ

lusiteloÔntwn toÔtwn eÊj t�n t¨j Sunt�cewj met�xeirsin. aÕth � moØra eÊj

trÐa diaireØtai tm mata.

5 Tm¨ma a' . PerÈ t¨j ærq¸sewj toÜ mèsou y fou tÀn b kanonÐwn.

DeØ eÊdènai íti oÙon kaÈ êsti kanìnion, âkeØnoj å teqeÈj y¨foj kat� �rx�j

tÀn kanonÐwn oÙon qÔra tÐj âstin eÊj tän y¨fon âkeØnon toÜ kanonÐou. âkeØnoj

oÞn å y¨foj oÙoj kaÈ êsti mèson tÀn kanonÐwn kaÈ å kat� t�n �rx�n f50vV, f101rL

toÜ kanonÐou, �eÈ ærqìj âstin eÊj t�n perisseÐan, âkeÐnh dà � perisseÐa �

10 mèson tÀn dÔo kanonÐwn p�sa oÎdà sumbaÐnei ærq . â�n oÞn � mèson toÜ

kanonÐou aÕth perisseÐa âgr�fh eÊj tä kanìnion, kaÈ t� z¼dia �pä tÀn �nw

katèrxontai, � perisseÐa kat� ânantÐon âkeÐnou toÜ y fou krateØtai. eÊ dà

t� z¼dia �pä tÀn k�tw �nèrxontai, � perisseÐa �pä toÜ b' y fou krateØtai.

eÊ d� oÎk âgr�fh � perisseÐa ân tÄ kanonÐú, gÐnetai z thsij eÊj tän y¨fon

15 âkeØnon di>oÝ âgèneto eÊsèleusij. å y¨foj goÜn å met� âkeØnon threØtai kaÈ å

âl�ttwn �faireØtai toÜ pleÐonoj. eÒper å b' pleÐwn, âkeØnoj å y¨foj lègetai

1 {3 t¨j perisseÐaj. . . met�xeirsin ] tÀn kat� pìlu lusiteloÔntwn eÊj t�n met�xeirsin t¨j
sunt�cewj £ t¨j perisseÐaj t¨j traxhlaÐaj toÜ tìcou t¨j sagÐtaj kaÈ toÜ ski�smatoj L
k 5 prÀton v perÈ t¨j ærq¸sewj ] � îrqwsij L y fou post kanonÐwn Vv k 8 oÙoj ]

åpoØoj Vv tÀn + mèson tÀn V å2 ] íti Vv k 10 b L oÎdàn codd. k 11 t�
kanìnia v k 13 deutèrou Vv k 16 deÔteroj Vv
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Z��j as-Sanjar��

perissìj. eÊ dà å a' pleÐwn, å y¨foj êneuse präj �faÐresin. oÝtoj oÞn å

y¨foj tÀn mèswn kanonÐwn âstÐn, âpeÈ å t¨j �rx¨j �eÈ präj plèon xwreØ.

>EpeÈ xreÐa genèsqai t�n ârgasÐan taÔthn, eÒper lept� oÎk eÒsin eÊj

tän y¨fon toÜton tän par� �mÀn krathqènta, xreÐa oÎk êsti t¨j toiaÔthj

5 ârgasÐaj. kat� ânantÐon dà toÜ y fou âkeÐnou, eÒ ti eÍreq¬, krateØtai. eÊ dè

eÊsi lept� eÊj tän y¨fon �mÀn, kat� ânantÐon tÀn moirÀn toÜ kratoumènou

par� �mÀn y fou �pä t¨j �rx¨j toÜ kanonÐou gÐnetai eÊsèleusij, kaÈ �pä

t¨j mèshj toÜ kanonÐou krateØtai å eÍreqeÈj y¨foj kaÈ threØtai. êpeita f101vL

� perisseÐa toÔtou faneroÜtai, kaÈ âkeÐnh � perisseÐa eÊj t� lept� toÜ

10 kratoumènou par� �mÀn y fou threØtai. eÒ ti eÍreq¬, merÐzetai eÊj t�n

perisseÐan t¨j �rx¨j toÜ kanonÐou. eÒ ti âcèlqù, â�n å y¨foj å �pä t¨j

mèshj toÜ kanonÐou toÜ krathqèntoj kaÈ thrhqèntoj xwr¬ präj tä plèon, f51rV

âkeØno tä âcelqän ánoÜtai toÔtú. eÊ dà präj tä êlatton, �faireØtai Ñna

gènhtai å y¨foj âkeØnoj tèleioj mèson toÜ y fou tÀn b kanonÐwn.

15 DiaÐresij

EÒper âkeØnoj å krathqeÈj par� �mÀn y¨fìj âstin �pä toÜ �pä toÜ mèsou

kanonÐou y fou, kaÈ de sei genèsqai �pä toÔtou d¨lon tän �pä t¨j �rx¨j

toÜ kanonÐou y¨fon, oÝtoj å par� �mÀn kratoÔmenoj y¨foj zhteØtai mèson

1 prÀtoj Vv k 4 toÜton om. Vv k 9 âkeÐnh om. Vv k 14 toÜ ] tÀn v k 17 �pä
toÔtou om. Vv
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toÜ kanonÐou. eÒper toÐnun eÍreq¬ ímoioj toÔtú y¨foj âkeØ, kat� ânantÐon

âkeÐnou krateØtai å y¨foj t¨j �rx¨j toÜ kanonÐou kaÈ xreÐa oÎk êstin

�llou tinäj eÊj toÜton tän y¨fon. eÊ d�oÎx eÍreq¬ ímoioj âkeÐnú, mèson f283rv

toÜ kanonÐou zhteØtai å y¨foj, çj �pä toÜ kratoumènou par� �mÀn y fou

5 âstÈn âl�ttwn kaÈ âggÔteron. eÚta kat� ânantÐon âkeÐnou krateØtai å y¨foj å

kat� t�n �rx�n toÜ kanonÐou kaÈ threØtai. êpeita å y¨foj å eÍreqeÈj mèson

toÜ kanonÐou �f� oÝ kat� ânantÐon âgèneto eÊsèleusij, �pä toÜ kratoumènou

par� �mÀn y fou �faireØtai. eÒ ti oÞn kataleifq¬, âkeØno threØtai eÊj t�n f102rL

perisseÐan toÜ y fou t¨j �rx¨j toÜ kanonÐou kaÈ tä eÍreqàn merÐzetai eÊj

10 t�n perisseÐan t¨j mèshj toÜ kanonÐou. eÒ ti oÞn eÍreq¬ �pä tÀn pr¸twn kaÈ

deutèrwn leptÀn, ánoÜtai met� toÜ y fou toÜ krathqèntoj �pä t¨j �rx¨j

toÜ kanonÐou ±j �n gènhtai å y¨foj âkeØnoj å krathqeÈj �pä t¨j �rx¨j toÜ

kanonÐou tèleioj.

Tm¨ma deÔteron. PerÈ t¨j katal yewj tÀn tìcwn tÀn traxhlaÐwn kaÈ tÀn

15 sagitÀn.

OÉ �rxaØoi âkeØnoi, åpoØoj �ra kaÈ êsti kÔkloj eÊj t�n sfaØran, eÊj t�

tc âmèrisan, eÊj tä genèsqai ékaston met� toÜ �llou Úson, kaÈ t� temm�xia

âkeØna âk�lesan moÐraj. kaÈ t�n di�metron dà toÜ kÔklou eÊj rk moÐraj

10 mèswn L k 11 b' L k 14 b' L k 16 kÔkloj post �ra L
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âmèrisan. âk�sth dà moØra par� aÎtÀn eÊj c diùrèqh tm mata, kaÈ ékaston f51vV

âkeÐnwn leptän âk�lesan. kaÈ aÞqij ékaston âkeÐnwn eÊj c diùrèqh tm mata,

Án ékaston deÔteron leptän âk�lesan. kaÈ met� t¨j t�cewj taÔthj âgèneto

� diaÐresij tÀn kaqec¨j leptÀn mèxri tÀn i' leptÀn.

5 DeØ eÊdènai íti � traxhlaØa qemèliìn âstin eÊj t�n kat�lhyin t¨j t�cewj

tÀn tìcwn. kaÈ eÊj �pantaj dà toÌj y fouj oÉ �stronìmoi taÔtù xrÀntai.

kaÈ � meg�lh dà traxhlaØa ¡misÔ âsti t¨j diamètrou, ©j å y¨foj moØrai

c. oÙon oÞn tìcon kaÈ êstin, deØ eÊdènai t�n traxhlaØan âkeÐnou. eÊ tä f102vL

tìcon êlattìn âsti tÀn �, kat� ânantÐon âkeÐnou krateØtai � traxhlaØa. eÊ

10 dà plèon tÀn � kaÈ êlatton tÀn rp, � perisseÐa t¨j mèshj toÜ tìcou âkeÐnou

rp krateØtai, ¢goun tä êlatton �faireØtai toÜ pleÐonoj. eÒ ti kataleifq¬

âc âkeÐnou, kat� ânantÐon krateØtai � traxhlaØa. kaÈ eÊ tä tìcon âkeØno

plèon âstÈ tÀn rp moirÀn, âkeØno �faireØtai �pä tÀn tc moirÀn. eÒ ti oÞn

kataleifq¬, kat� ânantÐon âkeÐnou krateØtai � traxhlaØa.

15 EÊ gènhtai xreÐa kat� ânantÐon toÜ tìcou krathq¨nai t�n sagÐtan, â�n

tä tìcon êlattìn âsti tÀn rp moirÀn, kat� ânantÐon âkeÐnou âkb�lletai �

sagÐta. eÊ d� âstÈ plèon tÀn rp, âkeØno �faireØtai �pä tÀn tc. eÒ ti oÞn

kataleifq¬, kat� ânantÐon âkeÐnou krateØtai � sagÐta. kaÈ � sagÐta dà �

meg�lh di�metrìj âsti toÜ kÔklou, kaÈ âkeØno rk moØraÐ eÊsin. kaÈ � sagÐta

3 deÔteron. . . âk�lesan ] b' ²nìmasen leptän L k 4 dek�twn V k 8 âkeÐnou ] âkeÐnhn
Vv k 15 â�n + oÞn L k 19 moØrai post eÊsi L
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aÕth âkeÐnou toÜ tìcou toÜ rp âstÐn.

DiaÐresij. PerÈ toÜ eÊdènai t�n traxhlaØan �pä toÜ tìcou, kaÈ tä tìcon 283vv

�pä t¨j traxhlaÐaj.

Boulomènwn �mÀn poï sai ârgasÐan, gÐnetai eÊsèleusij kat� ânantÐon toÜ

5 tìcou eÊj tä �kron t¨j �rx¨j t¨j traxhlaÐaj. kaÈ kat� ânantÐon âkeÐnou �pä

mèsou toÜ kanonÐou � traxhlaØa âkb�lletai. âpeÈ oÞn met� toÜ tìcou oÝ f52rV

eÒxomen ªsan lept�, âkeÐnh � traxhlaØa teleÐa gÐnetai met� t¨j ærq¸sewj f103rL

toÜ mèsou tÀn b kanonÐwn. oÕtwj ±j ârrèqh eÊj t�n �rx�n toÜ a'tm matoj. eÒ

ti eÍreq¬, traxhlaØ� âstin âkeÐnou toÜ tìcou. kaÈ �n gènhtai xreÐa genèsqai

10 t�n traxhlaØan âkeÐnou toÜ tìcou teteleiwmènhn, tä tìcon �faireØtai �pä

tÀn �. âkeØno eÒ ti kataleifq¬, teteleiwmènon âstÈ tä tìcon kaÈ � traxhlaØa

âkeÐnou krateØtai. eÒ ti eÍreq¬, traxhlaØ� âsti teteleiwmènh âkeÐnou toÜ

tìcou.

KaÈ �n krat¨tai par� �mÀn traxhlaØa, âkeÐnh eÊj tä mèson toÜ kanonÐou

15 t¨j traxhlaÐaj zhteØtai, kaÈ kat� ânantÐon âkeÐnou �pä t¨j �rx¨j toÜ

kanonÐou tä tìcon krateØtai kaq� ±j eÒreitai eÊj t�n diaÐresin toÜ pr¸tou

kefalaÐou.

12 {13 teteleiwmènh. . . tìcou ] toÜ teteleiwmènou âkeÐnou tìcou Vv k 14 krateØtai L k

15 �rx¨j ] �kraj L k 16 a' L k 17 kef�lou L
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DiaÐresij. PerÈ t¨j katal yewj t¨j sagÐtaj �pä toÜ tìcou kaÈ toÜ tìcou

�pä t¨j sagÐtaj �pä toÜ kanonÐou t¨j traxhlaÐaj.

�Otan krat¨tai par� �mÀn tìcon, kaÈ t�n sagÐtan âkeÐnou boulìmeqa

eÊdènai, gÐnetai z thsij eÊj âkeØno tä tìcon. eÒper âstÈn âkeØno êlatton tÀn �,

5 � teteleiwmènh toÜ tìcou âkeÐnou traxhlaØa �faireØtai �pä tÀn c. eÒ ti oÞn

kataleifq¬, sagÐta âstÈ toÜ tìcou âkeÐnou. kaÈ â�n tä tìcon âkeØno � moØrai,

� sagÐta âkeÐnh moØrai c. eÊ d� âkeØno tä tìcon plèon tÀn �, �fairoÜntai âc

âkeÐnou �. eÒ ti oÞn kataleifq¬, � traxhlaØa âkeÐnou krateØtai kaÈ ánoÜtai

toØj c. eÒ ti eÍreq¬, � sagÐta âstÈ toÜ tìcou âkeÐnou. ítan ® ân �mØn sagÐta, f103vL

10 kaÈ tä tìcon âkeÐnhj boulìmeqa âkbaleØn �pä toÜ kanonÐou t¨j traxhlaÐaj,

gÐnetai t rhsij eÊj âkeÐnhn t�n sagÐtan. â�n ® âkeÐnh âl�ttwn tÀn c, aÕth

�faireØtai �pä tÀn c. eÒ ti oÞn kataleifq¬, âkeØno traxhlaØ� âstin. tä

tìcon âkeÐnhj krateØtai, kaÈ eÒ ti eÍreq¬, �faireØtai �pä tÀn �. êpeita f52vV

eÒ ti kataleifq¬, tìcon âstÈ t¨j sagÐtaj âkeÐnhj. eÊ dà � sagÐta c moØrai,

15 ærq  âsti kaÈ tä tìcon âkeÐnhj � moØraÐ eÊsin. eÊ dà � sagÐta pleÐwn tÀn c,

�fairoÜntai âc âkeÐnhj c. eÒ ti kataleifq¬, traxhlaØ� âstin. tä tìcon oÞn

âkeÐnhj krateØtai. eÒ ti eÍreq¬, ánoÜntai toØj �, kaÈ eÍrÐsketai tä tìcon t¨j

sagÐtaj âkeÐnhj.

4 gÐnetai post z thsij L k 5 oÞn om. Vv
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Tm¨ma g'. PerÈ toÜ ski�smatoj.

EÊj tä pl�gion toÜ kanonÐou t¨j traxhlaÐaj âtèqh di� toÌj daktÔlouj

kaÈ t� Êxnìpoda. kat� ânantÐon oÞn t¨j �nab�sewj gÐnetai eÊsèleusij kaÈ

krateØtai tä skÐasma.
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Book 2

On the Comprehension of
Interpolation, Sine, Arc, The
Sagitta, and Tangent1{Things
Which are Very Useful for the
Astronomical Composition

This book is divided into 3 chapters.

2.1 On Interpolation

It is necessary to know the nature of a table. That number which has been

placed at the edge of a table is a gate, as it were, into calculations involving

that table. That number which is the di�erence of (two adjacent) entries in

the table and that number at the edge of the table are always precise with

respect to (calculations involving) tabular di�erence. That tabular di�erence,

1lit. shadow
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however, which involves values (intermediate) between two (adjacent) table

entries, is not always precise (with regard to such calculations). If this tabular

di�erence (of adjacent entries) in the table has been written down for this

table, and the zodiacal signs go (in order) from the top of the table down,

then the tabular di�erence is reckoned opposite that number (with which you

enter the table). If the zodiacal signs go (in order) from the bottom of the

table up, the tabular di�erence is reckoned opposite the next number (after

the one with which you enter the table). If the tabular di�erence has not

been written down in this table, the number with which entrance was made

into the table is examined. The number after it is examined, and the smaller

(of the two) is subtracted from the larger. If the second number is greater,

that column2 is said to be increasing. If the �rst is greater, that column is

said to be decreasing. This is a column of entries in the body of the table,

since a column at the edge (of the table) is always increasing.

When it is necessary to engage in this labor, if the number we have reck-

oned does not have a fractional part, there is no need for (further) labor. The

(desired) result is reckoned opposite that number. If, however, our number

does have a fractional part, entrance is made (into the table) from the edge

2lit. number
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of the table opposite the degrees of our reckoned number, and the (desired)

number is found and reckoned in the body of the table and examined. Then

its tabular di�erence is made clear, and that tabular di�erence is multiplied

by the fractional part of our reckoned number. The result is divided by the

tabular di�erence (of the two corresponding entries) at the edge of the table.

If anything comes out, if the column in the body of the tables | after reck-

oning and examination | is increasing, this result is added to it (i.e., the

number in the body of the table opposite the integer part of our number). If

(the column) is decreasing, it is subtracted, so that the interpolated number

may be complete.

2.1.1

If the number we have reckoned is a (type of) number in the body of the

table, and if it is necessary that the (corresponding) number at the edge of

the table be made clear from this (number of ours), the number we have

reckoned is sought in the body of the table. If a number is found there equal

to ours, the number at the edge of the table is reckoned opposite ours, and

there is no need for anything else for this calculation. If, however, a number

equal to ours is not found there (i.e., in the body of the table), the greatest

number less than the number we have reckoned is sought in the body of the
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table. Then the number at the edge of the table is reckoned opposite this

(found) number and examined. Then that number found in the table |

opposite which entrance was made into the table | is subtracted from the

number we reckoned. The result is multiplied by the tabular di�erence of

the number at the edge of the table and the result is divided by the tabular

di�erence (of the corresponding numbers) in the body of the table. The

resulting sexagesimal �rsts and seconds are added to the number reckoned

at the edge of the table so that the number reckoned at the edge of the table

may be complete.

2.2 On the Comprehension of the Arcs of Sines

and the Sagitta

The ancients divided the circle on the sphere into 360 equal parts. TheyDegrees and
Sexagesimal Fractions

called those parts degrees. They divided the diameter of the circle into 120

units. Each of their degrees was divided into 60 parts, and they called each

of them a sexagesimal �rst. Each of those (sexagesimal �rsts) was in turn

divided into 60 parts, each of which they called a sexagesimal second. This

process of division was continued in the same way on the successive parts (of

the circle) until (they reached) sexagesimal tenths.
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It is necessary to know that the Sine is a base-point for the comprehension The Sine

of its arcs. Astronomers employ the Sine for all their computations. The

maximum value of the Sine is half the diameter, the length of which (half)

is 60 units.

It is necessary to �nd the Sine of an arc given the arc. If the arc is less Given an Arc
to Find its Sine

than 90, the Sine is reckoned opposite that arc. If the arc is greater than

90 and less than 180, the di�erence between that arc and 180 is reckoned,

that is, the smaller value is subtracted from the larger value. The Sine is

reckoned opposite that result. If that arc is greater than 180 degrees, its

value is subtracted from 360 degrees. The Sine is reckoned opposite this

result.

If it is necessary that the sagitta be reckoned opposite the arc, if the arc Given an Arc
to Find its Sagitta

is less than 180 degrees, the sagitta is extracted opposite that (arc). If the

arc is greater than 180 degrees, its value is subtracted from 360. The sagitta

is reckoned opposite the result. The maximum value of the sagitta is the

(length) of the diameter of the circle, and this is 120 units. This (i.e., 120)

is the sagitta of an arc of 180 degrees.
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2.2.1 On Knowing the Sine from the Arc and the Arc
from the Sine

When we wish to engage in this labor, entrance is made into the table oppo-

site the arc at the top of the beginning of the Sine values. The Sine is ex-

tracted from the body of the table opposite this value. If there are fractional

parts to the arc in question, that Sine becomes complete with interpolation.

This was discussed at the beginning of the �rst chapter (page 49). The result

is the Sine of that arc. If it is necessary that the Sine be of the complement

of that arc, the arc is subtracted from 90. The result is the complement of

the arc and the Sine is reckoned from this. The result (of that calculation)

is the Sine of the complement of that arc.

Whenever we have reckoned a Sine, that Sine is sought in the body of

the table of Sines, and its arc is reckoned opposite it (going down) from the

top of the table, as was discussed in the beginning of the second chapter3

( page 53 ).

3lit. \the section of the �rst chapter"{but this is incorrect
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2.2.2 On Comprehending the Sagitta from the Arc
and the Arc from the Sagitta Using the Sine Ta-
ble

Whenever we have reckoned an arc, and we wish to know its sagitta, the arc

is examined. If it is less than 90, the Sine of the complement of that arc is

subtracted from 60. If the arc is 90 degrees, the sagitta is 60 units. If the

arc is greater than 90, it is subtracted from 90. The Sine of this result is

reckoned and added to 60. The result is the sagitta of that arc.

Whenever we have a sagitta and we wish to extract its arc from the table

of Sines, the sagitta is examined. If it is less than 60, it is subtracted from

60. The result is a Sine. Its arc is reckoned and the result is subtracted from

90. That result is the arc of the sagitta. If the sagitta is 60 units, it is right

and its arc is 90 degrees. If the sagitta is greater than 60, it is subtracted

from 60. The result is a Sine. Its arc is reckoned. The result is added to 90

and the arc of the sagitta is found.

2.3 On the Tangent4

(A tangent table) in �ngers and feet has been set down along side the Sine

table. Entrance is made opposite the altitude and the tangent is reckoned.

4lit. shadow




