The Cossic Art
Writing Algebra with Symbols

February 5, 2007



What is Algebra?

@ Equations and formulas of letters, strung together with
numbers and symbols



What is Algebra?

@ Equations and formulas of letters, strung together with
numbers and symbols

@ Collection of rules for manipulating symbols that have to do
with numbers



What is Algebra?

@ Equations and formulas of letters, strung together with
numbers and symbols

@ Collection of rules for manipulating symbols that have to do
with numbers

@ Question about numerical operations and relations in
which an unknown quantity must be derived from known
ones



What is Algebra?

@ Equations and formulas of letters, strung together with
numbers and symbols

@ Collection of rules for manipulating symbols that have to do
with numbers

@ Question about numerical operations and relations in
which an unknown quantity must be derived from known
ones

@ "Twice the square of a thing is equal to five more than
three times the thing. What is the thing?"



What is Algebra?

@ Equations and formulas of letters, strung together with
numbers and symbols

@ Collection of rules for manipulating symbols that have to do
with numbers

@ Question about numerical operations and relations in
which an unknown quantity must be derived from known
ones

@ "Twice the square of a thing is equal to five more than
three times the thing. What is the thing?"

@ Solve for x: 2x2 = 5 + 3x
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The Word "Thing"

@ Al-Khwarizmi, 9th century — "shai" for an unknown quantity

@ John of Seville, 12th Century — elaboration of
Al-Khwarizmi’s work used the Latin "res"

@ Some Latin texts used "causa" for "shai"
@ "Causa" became "cosa" when translated into ltalian
@ In German, this morphed into "coss"

@ The English picked this up, calling it "the Cossike Arte",
meaning "The Art of Things"
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Algebraic Notation

@ Early symbols were just abbreviations for common words

@ por por pfor "plus"; mor m or m for "minus", etc

@ Not standardized, meaning understanding depended
heavily on individual skill

@ Good notation should be universal language that clarifies
ideas, reveals patterns, and suggests generalizations

@ Good notation can even seem to think for us
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Exploring Symbol History: x3 — 5x? + 7x = v/x + 6

@ In 1494, Luca Pacioli: cu.m.5.ce.p.7.co—Rv.co.p.6

@ R for square root
v for a grouping of items
dots (.) to separate items
co - "cosa", the unknown
ce and cu are for "censo" and "cubo", words used in ltalian
for the square and cube, respectively

@ Speaks of "the" unknown - this notation did not represent
more than one unknown
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Exploring Symbol History: x3 — 5x? + 7x = v/x + 6

@ 16th century Germany: +, —, 1/, groupings using dots(.)
@ In Christoff Rudolff’'s Coss of 1525 or Michael Stifel’'s
Arithmetica Integra of 1544, the equation would be

written:ce — 53 + 72X aequ. V- X+ 6.
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Exploring Symbol History: x3 — 5x? + 7x = v/x + 6

@ In 1484 manuscript by Nicholas Chuquet, he used
superscripts to denote powers: 5x* would be written 5

e 13./.52.p.7" .montent R2.1" p.6°.

@ These ideas were not published at the time it was written.
This system reappeared in 1572 in the work of Rafael
Bombelli. Again, this was not immediately adopted.

@ 1580s, Simon Steven of Belgium used circles around

exponents. This work was carried to England in the early
17th century.
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Exploring Symbol History: 5A3% + 7E?

In the 1590s, Francois Viete introduced the idea of using
letters for both constants and unknowns

Allowed the easier integration of more than one unknown
in an equation

It was clear that the old exponential notation wasn’t
sufficient: 53 + 72 did not work if one meant 5A° 4 7E?

1620s, Thomas Harriot: 5aaa + 7ee
1634, Pierre Herigone: 5a3 + 7e2
1636, James Hume: 53" + 7¢'
1637, Descartes: 5a° + 7¢€2
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Exploring Symbol History: x3 — 5x? + 7x = v/x + 6

@ Descartes: introduced lowercase letters from end of
alphabet for unknowns, letters from the beginning for
constants; used overline bar with / to indicate scope;
for equals

@ Our equation becomes: x3- -5xx + 7x < VX + 6

@ The "="sign as we know it came through its adoption by
both Isaac Newton and Gottfried Leibniz. As their calculus
became more widespread, so did their notation which has
led to our modern, familiar notation.

@ Notation itself then led to negative exponents, rational
exponents, irrational exponents, and complex exponents



