113-116

113. Kaif darb el-shai'. Shai' when multiplied by
a number n gives n shai', when multiplied by minus
5 (1118 kamP) shal' gives a minus square,
x m&]1 na Ig mustathnf; when minus shai' is
EﬁItinged by & number the resul? 1Is minus
n shai', and when minus shai' is multiplied by itself a
positive square, mAl z&'1d results, because the minus
sign, istithna', 1s not abolished except by multiplica-
tion by itself.

114. Ma his@b al-dirhem wa'l dIndr. This is a
method of Teckoning derived from Algebra. As there are
sometimes more unknown quantities than
Yo 2 one, it becomes necessary to have names
for them. Some people call them dinars,
dirhams and fulus, while others adopt the Hindu method
of naming the ashya' black, yellow and gray.l

115. Ma hisab al-khata'ain. A number is assumed
which appears to be suitable for solving the problem;
if a test indicates 1its accuracy, it is

RULE OF unnecessary to proceed further, but if

TWO ERRORS 4t has led to an error, the emount of

that must be noted and the process re-

peated after the unsuccessful guess, when either you
hit upon the correct answer or else you have a second
error., Then the answer can be deduced from the two er-
rors by & method which is known [to Arithmeticians].P

116. XKaif ithbat el-a'ddd bi jhurtuf al-farab. The
notation of numbers by Arablc letters 1s a matter of
agreement and convention; for it
ARABIC LETTERS would have been possible to use the
FOR NUMERALS letters in the ordinary order of the
elphabet, a, b, t, th, etc., because
there are nine units, nine tens, nine hundreds, which,
with a sign for a thousand, are provided for by the
twenty-eight letters.

lv. Colebrook, l.c¢.p.139. For akhab read ashhabd.
2 Ccarra de Vaux quotes an example from Al-KhwarizmI,
l.¢,II,117. x - 1/3 x - 1/4 x = 8. Try 12, result 5,
(=3); try 24, result 10 (+2); 12 -3

24 +2 multiply
diagonally, result 24, and -72; add, because signs
contrary, result 96/5 = 19 1/5.
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116-117

However,people selected the order of the jurff al-
gummal because this was widely diffused among people of
e Book before the time of the Arabs, The mode in which
the letters are apportioned to the several numbers is
shown in the accompanying table.

=2 >]*]>s )2
units|| a| v | JPal nPwfP 2] p°%

1| 2| 3] 4| 5] 6| 7§ 8] 9o

s Jd] e ¢ |2
Tens y kalgmrn s| T r‘g

10 fi20 30| 40| S0 ||eo| 70| 80 90

R RAE BEYIEIR] R yté
Hun- a
Bun- || qPrPanft) wfPufPal ¢°z 'en

100 500 [800 {700]800 900 [100

117. Hal ikhtilaf fiha. The object in using
these letters 1s economy of space and ease of writing
numbers especially in astronomicel
MOROCCAN USAGE tables. Among astronomers there is no
disagreement as to their use, but there
are perverse people outside the profession who put
sa"fad for sa'feg, thus meking s 60, and 4 90, and
qarasat for qarashat, basing théir objections, some on
linguistic, others on religious grounds; but this is
all nonsense. Were it not that a general agreement has

1 A memoria technice 1is mede by the insertion of vowels
as indicated in the transliteration above. Pococke,
Spec. Hist. Arab., p. 308, refers to the use of the
first six words for the days of the week from Saturday
to Thursdey, Friday being al-fariibeh,

2'I'he Muslims of Morocco make the last four words,
sa'fad, qarasat, thakhadh, zaghash.
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117-118

been arrived at as to this order by its users, their ob-
Jection might be allowed, but it would constitute a de-
parture from an established custom.

118. Keif yakun terkIbhd@. Certain rules have to be
observed in combining these letters. Of the units, tens
and hundreds, the hundreds come first,
COMBINATION the tens next end the units last; thus
OF LETTERS 115 is written @yh, and [when writton in
black]P must heve a line over it to show
that it 1s not a word. So 105 is written qh, and 42
%Fb and 1002 « On the other hand 2000 is written
gh, the smaller number coming first to distinguish it
from ghb, end to show what is intended.

The customary way of writing these letters is that
jim 3, 18 written without a tail to distinguish it from
ha' 8; little attention need be given to kh&' 600, as
astronomical calculetions are concerned with numbers
less than 360; [it is pointed without a tail]. Y&' must
have 1ts tail drawn backwards, in case it should be mis-
taken for a nfin with 1ts point. K&f must be written
horizontelly, so as not to resemble 1&m, and nun must be
written larger_than za&' and pointed, for za' also is
pointed, and ra' unpointed. Shin 300, must be pointed
to distinguish it from sIin 60, and attention must be
paid to other pointed letters.

When nin or ya' are combined with units, fa 51,
ya 11, nun must be pointed, and indeed the y&' also
should have its points.,

When zero, sifr, hes to be written in places lack-
ing a number, its circle must have a line over it, ¥
touching, to distinguish it from h&', but in the Indian
notation this line is unnecessary, for there, there is
no resemblance to ha'.

Generally the right end of the line in queation is con-
tinued downwards to the left to join a very small oir-
cle% , or the cirole has two horms,¥ ; ocompare ¥ and
ha' in future tabdles.

42
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119-121

119. Hal tusta'mal hadhihi 'l-huruf fi ghayr al-
ardad. The seme letters are used for another purpose,
namely, for designating the signs of the
FURTHER USE 2zodiac as in the following table:-
OF LETTERS

Nemes of Signs. Symbols

Aries T™Y 0 The foregoing amount of
Taurus 11 arithmetic will suffice
Gemin jie 2 for anyone who desires an
Cancer s> 3 introduction to 1t.

Leo Ao 4

Virgo Mo S Now, however, we must
Libra 29 6 proceed to the description
Scorpius my) 7 of the form of the heavens.
Sagittarius 7 8

Cepricornus T o

Aquarius w= t10

Pisces X L1

ASTRONOMY

120. Ma al-falek. The celestial sphere is a body
like a ball revolving in its own place; 41t contains
within its interior objects whose move-
THE CELESTIAL ments are different from those of the
SPHERE sphere itself, and we are in the centre
of it., It is celled falak on account of
its cirecular movement like that of the whirl of a spin-
dle, and its name, athir, (ether) is current emong
philosophers.

121. A huwa wiéhid au akthar. There are eight such
spheres enclosed the one within the other, like the
skins of an onion; the smallest sphere
MORE SPHERES 1is that which is nearest to us, within
THAN ONE ? which the moon is always travelling
alone, rising and setting, within its
limits. To each sphere there is a certain amount of
space between the outer and inner boundaries so that
the plenet to which it belongs has two distances, the
one further, the other nearer. The second sphere above
that of the moon belongs to Mercury, the third to Venus,
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