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ARABIC ARITHMETIC AND ALGEBRA

H A 2

Figure 9.1 F

ax? = bx + ¢, so that a, b, and ¢ are always positive. This avoids negative
numbers standing alone and the subtraction of quantities that may be larger
than the minuend. In this practice of using the separate forms, al-Khowdrizmi
follows Diophantus. Al-Khowarizmi recognizes that there can be two roots
of quadratics, but gives only the real positive roots, which can be irrational.

Some writers give both positive and negative TO0ts.

Onc example of a quadratic treated by al-K howarizmi reads as follows:
“A square and ten of its roots are equal to nine and thirty dirhems, that is
you add ten roots to one square, the sum is egual to nine and thirty.” He
gives the solution thus: “Take half the number of roots, that is, in this case
five, then multiply this by itself and the result is five and twenty. Add this to
the nine and thirty, which gives sixty-four; take the square root, or eight, and
subtract from it haif the number of roots, namely five, and there remains
three. This is the root.” The solutic: is exacuy what the process of com-
pleting the square calls for.

hough the Arabs gave algebraic solutions of quadratic equations, they
explained or justified their processes geometrically. Undoubtedly they were
influenced by the Greek reliance upon geometrical algebra; while they
arithmetized the processes, they must have believed that the proof had to be
made geometrically. Thus to solve the equation, which is x* + 10x = 39,
al-Khowéarizmi gives the following geometrical method. Let AB (Fig. 9.1)
represent the value of the unknown x. Construct the square ABCD. Produce
DA to H and DC to F so that AH = CF =5, which is one-half of the coeffi-
cient of x. Complete the square on DH and DF. Then the areas I, II, and II1
are x%, 5x, and 5x, respectively. The sum of these is the left side of the equa-
tion. To both sides we now add area 1V, which is 25. Hence the entire
square is 39 + 25 or 64 and its side must be 8. Then ABor ADis8 — 5or 3.
This is the value of x. The geometric argument rests on Proposition 4 of
Book 11 of the Elements.

“The Arabs solved some cubics algebraically and gave a geometrical
explanation in the manner just illustrated for quadratics. This was done, for
example, by Tabit ibn Qorra (836-901), a pagan of Bagdad, who was also
a physician, philosopher, and astronomer, and by the Egyptian al-Hasan ibn
al-Haitham, known generally as Alhazen (c. 965-1039). As for the general
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The Growth of Symbolism and Notation in Renaissance Europe

In the 15th century the use of p and m as abbreviations for 4+ and - was commoen.

By the 1bth century + and - were in use, having been adopted from German merchants.
= introduced by Recorde (1510-1558).

>,< by Harriot (1560-1621) .

Parentheses from about 1560 onwards.

7

J/~ not till Descartes, 1596-1650.

Previously B had been used.

Eg. cardan (1501-1576) wrote Y7 +/12 as Rv7 p Ra4, if A, B, C
were such expressions he would set out AxB = C as: A
B
est C.

Decimals, successfully introduced by Vieta and strongly advocated by Stevin
(1548-1620) : 5.912 written as 5@ 9@ 1@ 2@ .

although used by Diophantus (Greek, ™ 250 A.D.) a symbol for the unknown was slow
o be introduced. Initially it was an abbreviation for "thing" (R from res in
latin: ¢ from coss in German, hence “"Cossic Art".) 1Initially different
symbols used for various powers.

Eg x3 + x? + x as CpZpQR

cubus zenugs res

Chuguet (14B4) introduced exponents: Writing

Bx3+7x - 1 as g3, 7™ .
However Cardan still wrote
x2 - 4x + 32 as gdratu aegtur 4 rebus p: 32

thing

Bombelli {(1526-1573), following Chudguet wrote
1+ 3x + 6x? + x° as Ip 3 P 6\ P 1
and Stevin (1548-1620) used l(>-+ 3() + GCD +C) : he alse used fractional

exponents denoted by @ r @ etc.

vidte (Vieta) (1540-1603) was probably the first to use symbols purposely. He
introduced x, v, 2 for unknowns and also allowed variable coefficients denoted
by a, b, c etc.

Thus by the time of Descartes it was "matural" to write

1+ 3x + 6xx + xs

(and sometimes xz, though this was not fully adopted +i1l Gauss).



