Handout of the workshop on abjad-numbers
History of Mathematics Research Group, Unwversity of Utrecht, Nether-
lands. October 2022,

1. The principle in the normal alphabet. We give the letters of the
alphabet a numerical value as follows:

a=1 b=2 j=3 d=4 h=5 w=6 z=7 H=8 t=9
i=10 k=20 (=30 m=40 n=50 s=60 e=70 f=80 c = 90
q =100 r =200 x = 300

To write 11 in abjad, we first write the letter for 10 and then the letter
for 1, thus: ia, but not ai; 7123” will be gkj, not jkq or kjq etc. There is
no letter corresponding to zero, so “202” = rb.

Exercise 1: Translate the abjad-numbers: nw, /d, fa, xmh, xit, qH,
rc, e.

Exercise 2: Write in abjad: 24, 258, 307, 130.

2. The Arabic alphabet. The same principle was used for Arabic
letters. Note that every Arabic letter has at most four shapes: a shape when
it is isolated, and three shapes in the beginning, middle or end of a word.
We put
1 = alif, 2 = ba, 3 = jim, 4 = dal, 5 = ha, 6 = waw, 7 = zay,

= ha (sharp h), 9 = ta,
10 = ya, 20 = kaf, 30 = lam, 40 = mim, 50 = nun, 60 = sin, 70= ayn,
80 = fa, 90 = sad, 100 = qaf, 200 = ra, 300 = shin, etc.

The system is often called “abjad”; this artificial word is a way to me-
morize "1, 2, 3, 4 (alif + ba + jim + dal)



1. Table of the numbers 1-91 in abjad

(0)| 10 20 30 40 50 60 70 80 90
name i=ya | k= kaf | /=lam | m= mim | n=nun | s=sin | e=ayn | f=fa | c= sad
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13 | j=jim | > | = £ 1 2 < 2 | = | 2
+4 | d=dal | » o ity A Ao BV I As A3
+5 h=ha 0 @ "y o 4 ¥ aw as 4
+6 | w=waw | 5 | 5 | S | 5 ¥ o | o | ¥
7=y |, S| e o~ A ] A
S B I ol I I S T I I Il B
+9 t=ta | L | la LS i%) L L L. Lac Las

Hundreds: qaf=> =100, ra=,=200, shin=_#=300. We first write the hun-

dreds, then the teens, then the units. Example: 123=qkj = »5.

Exercise 3: In the table on this page, locate the shapes of the following
letters, when they are isolated:

1 = alif, 2 = ba, 3 = jim, 4 = dal, 5 = ha, 6 = waw, 7 = zay, 8 = ha,

= ta, 10 = ya, 20 = kaf, 30 = lam, 40 = mim, 50 = nun, 60 = sin,
70= ayn, 80 = fa, 90 = sad.

Exercise 4: Now look at the numbers “11” and “12” in the table. Try
to find the beginning shape of ya and the end shapes of alif and ba. (If you
know Arabic, do you find a difference with normal Arabic?)

Exercise 5: Same questions for the other numbers - what are the initial
forms of kaf, lam, mim, nun, sin, ayn, fa, sad? What are the final shapes of
jim, dal, ha, waw, zay, ha, ta?

Exercise 6: Your first exercise in writing Arabic: As you see, the places
for the numbers “92” through 799” are empty in the table. Use your pencil
to write these numbers in the table in the abjad system!




Exercise 7: Your first exercise in reading a medieval Arabic manuscript
written in Istanbul: Try to read the red letters in the left, middle and right
colums in a table for constructing astrolabes by the famous Ottoman as-
tronomer Taqi al-Din ibn Ma‘ruf (Table A, written ca. 1577 CE).

Exercise 8: Your first exercise in reading an old Turkish astrolabe, made
around 1706 CE. Try to read the abjad-numbers in the circular scale on the
outside of the astrolabe (Photo 1). Many numbers are not clear on the photo
- the best thing is to start with some numbers which you can read and then
to find out the system. Then you can also read the remaining numbers.

Exercise 9: Now try to read as many abjad-numbers as you can on the
plate in this astrolabe for cities with geographical latitude 41°) (perhaps or
Istanbul). See Photo 2. What do the numbers mean?

Degrees, minutes, seconds. Islamic astronomers used the abjad-
system in their astronomical computations in the sexagesimal system. This
is the same system that we still use in our computation of time (minutes,
seconds) and angles (degrees, minutes, seconds). In such a system, one only
needs the numbers from 1 to 59 for the minutes and seconds, plus a special
sign for zero, usually a dot connected to an overbar.

For example, if P and Q are abjad numbers, the combination P Q in
Arabic means @ + & (note that the Arabic writes from right to left).

Exercise 10: Table A shows the construction of almucantars on the
astrolabe. The red numbers are the altitudes of the almucantar. For each
altitude, two numbers are indicated towards the elft

the first number is the radius of the almucantar, in two sexagesimal places

the second number is the distance of the centre of the almucantar to the
centre of the astrolabe, also in two sexagesimal places.

The equator (the concentric circle in the astrolabe) is assumed to be 60
units. If you want explanations, ask the assistants.

Try to read as many numbers as you can. in Table A.

Note for 90 degrees (bottom left) is the zenith, which is one point. There-
fore the radius is zero. There you can see 0 0 in the manuscript.

If there is time left, continue with Table B. (from the same work by Taqi
al-Din as Table A, but now for a city on the equator). The numbers in the
beginning (upper right) are very interesting!



The Arabic abjad system (table by Dr. Rob van Gent)

Arabic letter form abjad value translit. ArabTEX
letter | alone ‘ initial ‘ medial ‘ final | East | NWA | Eng. ‘ Ger. code
alif ! — — \ 1 1 . a . a A
ba’ o J - N 2 2 b b b
ta’ < 3 3 oa | 400 | 400 t t t
tha’ < 3 < Gao | 500 | 500 | th[th] | t _t
jim a > = z 3 31 il | & | 1/ 78
ha’ C > > c 8 8 h h .h
kha’ Folos > Z | 600 600 |kh[kh] | L | x/ _h
dal > — — A 4 4 d d d
dhal 3 — — A 700 | 700 | dh [dh] | d _d
ra’ g — y 200 | 200 T r r
2ay 3 — — 5 7 7 z z z
s 2 w - U 60 300 s S S
shin - & | U& | 300 1000 | shsh] | 3 “s
sad e 2 v R 90 60 S S .S
dad o & 2 o2 | 800 90 d d .d
ta’ L L L L 9 9 t t .t
za’ L L L L 900 | 800 z z .z
‘ayn ¢ £ =~ & 70 70 ‘ ‘ ‘
ghayn & £ A & 1000 | 900 | gh [gh] | §& g
fa’ b 5 i < | 80| 80 f f £
aaf G | 3 il 3 | 0| 100] q] | q q
kaf B s < & 20 20 k k k
lam J ) ! J 30 30 1 1 1
maim, ¢ 2 o o 40 40 m m m
nun ) J A O 20 20 n n n
ha’ 0 Iy 4 4 ) 5 h h h
waw 9 — — 3 6 6 w,u |w,u| w/U
ya’ S 2 - P 10 10 y, 1 y, 1 y/ I




