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Introduction

Philosophy is written in this enormous book which is continu-
ally open before our eyes (I mean the universe), but it cannot
be understood unless one first understands the language and
recognizes the characters with which it is written. It is written
in a mathematical language, and its characters are triangles,
circles, and other geometric figures. Without knowledge of this
medium it is impossible to understand a single word of it; with-
out this knowledge it is like wandering hopelessly through a
dark labyrinth.

—Galileo, The Assayer, as quoted in Italo Calvino’s Why Read the Classics?

This book is the result of my decades of teaching mathematics.
The text attempts to introduce science and engineering stu-
dents to the long history that underpins the concepts that are
currently used in mathematics in an often unconscious, me-
chanical way. The symbols developed to represent mathemati-
cal concepts also have a long history. Since the time of Galileo,
it has been postulated that the natural world is written in the
language of mathematics. However, we rarely delve into the
history of this science, which represents a double loss—a loss
that diminishes both cultural enrichment and intellectual un-
derstanding. If we know where the concepts come from and
what arguments led to their first formulation, we can be better
prepared to use them as part of our mathematical toolbox.
This book is divided into nine chapters with fifty-four sections
in total. Each section examines just one or two mathematical
symbols, their history, and any variants they may have had over
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2 INTRODUCTION

time. Each section is self-contained, so they can be read in any
order. The book is designed so that the reader can proceed from
one topic to the next, exploring the origins of our mathematical
language by following the inspiration of the moment. In my ex-
perience, these stories can also serve to awaken students’ enthu-
siasm for math, providing them with intellectual stimuli when
they start to get bored or are tempted to give up in the face of
the formalism on the blackboard. It is always interesting to hear
about the mathematics of Leibniz or Gauss or to see how many
different typographical crosses we have adopted as mathemati-
cal symbols.

Presenting the book in self-contained sections has the associ-
ated effect of creating some redundancy. Some explanations, or
the presentation of a particular mathematician, may appear in
two or more sections of the text. I have tried to limit repetitions
to the minimum possible but have not avoided them altogether.
I appeal to the readers’ patience, because repetition may help to
remember.

My first seminar on the history of mathematical symbols
was held in Berlin in 1997. The topics gathered here were scrib-
bled down over time, sometimes in English and sometimes in
German. However, for years, I could not find the right style to
develop the topics into a coherent book. So I went back to my
mother tongue, Spanish, and in 2017, the manuscript found its
final, more fluid, and more enjoyable form. From this more com-
fortable medium of exposition, it has now been easier to prepare
an English version of the work.

This book is not an encyclopedic treatise, like Florian Cajori’s
monumental 1928 work, A History of Mathematical Notations,
which, to this day, has not been surpassed. Nor is it about cov-
ering all mathematical notations over time, one by one, author
by author, century by century. Rather, it is about marveling at
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the history of mathematical endeavor and getting to know the
giants on whose shoulders we stand today. It is about under-
standing how the language of mathematics was forged through
a collective effort spanning more than twenty centuries and
many bygone empires. What remains, the only constant, is the
progress of mathematics—always in search of a better way to
express relationships among abstract concepts, always in search
of its own voice.
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Index

Page numbers in italics indicate figures and tables.

abacus, 26

Abbasid Caliphate, 6

Abbildung, function as an, 128-29

abscissas and ordinates, 131

absolute value, father of analysis and,
51-54

Acharya, Bhaskara, 210

Ackermann, Wilhelm, 146

Acta eruditorum (journal), 104, 230, 231,
232,233

A cubum (A3), 48, 57

addition: Greek cross of, 69-73; math-
ematical symbolism, 70; symbols, 72

“Additions to the Articles ‘On a New
Class of Theorems’ and ‘On Pascal’s
Theorem’” (Sylvester), 225, 226

aleph: Hebrew alphabet, 173; paradise
of infinities and, 173-79

“Aleph, The” (Borges), 174

aleph zero, definition of, 176

Alexander the Great, 9, 36, 42

Alexander von Humboldt Foundation,
54

Alexandria, 9, 93; advanced technology
of the time, 42-43

algebra, 44; Arabic word, 5; fundamen-
tal theorem of, 183; meaning “to
complete,” 8; word, 45

Algebra (al-Khwarizmi), 7, 8

Algebra (Bombelli), 56, 102

Algebra (Euler), 181

algebraic reduction, 44

algebraization of analysis, 142

Algorismus proportionum (d’Oresme),
70

algorithms, word, 6

Algorithmus linealis (Widmann), 71

al-jabr, term, 8, 9

al-Kitab al-Mukhtasar ft Hisab al-Jabr
wal-Muqabalah (The Compendious
Book on Calculation by Completion
and Balancing) (al-Khwarizmi), 6

Almagest, 129

al-muqa-bala, Arabic word, 9

alogos, 160

Amadeus (movie), 128

Ampere’s law, 199

Analyseos tetragonisticae pars secunda
(Leibniz), 108, 108

Analytical Society, 111

analytic geometry, 76; as new synthesis,
48-51

Annales des mathématiques pures et
appliquées (journal), 232, 232

Antony and Cleopatra (Shakespeare), 43

APL (a programming language), 207-9,
208

A quadratum (A2), 48

Arabian Nights, 9-10

Arabic alphabet, 178

Arabic arithmetic book, fragment from,
65

Arabic numerals and fractions, 87

Arabs, 42, 88, 220; zero, 36

Arbogast, 202

archaic Chinese numerals, modern
interpretation and, 74

Archimedes, 112, 138, 139, 184-85, 187

Archimedes’s constant, 185, 186

Architecture hydraulique (Bélidor), 144

Archiv der reinen und angewandten
Mathematik (journal), 232

Arianism, 113

Aristarchus, 90-91, 93

Aristophanes, 105, 106

Aristotle, 42, 160
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Arithmetica (Diophantus), 5, 45-47,
46, 60

Arithmetica infinitorum (Wallis), 124

Arithmetica integra (Stifel), 210

Arithmetices principia (Peano), 41, 157

arithmetic expression, characters in, 11

arithmetic in miniature, symbol of
congruence and, 221-24

Arnauld, Antoine, 75

Ars magna (Cardano), 181

Ars punctandi (Urbisaglia), 203

Artem analyticem isagoge (Introduction
to the Analytical Arts) (Viéte), 98

artificial intelligence, Lisp, 207

Artis analyticae praxis ad aequationes
algebraicas resolvendas (The Ana-
Iytical Arts Applied to Solving
Algebraic Equations) (Harriot), 48,
97-98, 98, 99

arXiv mathematical texts, 12, 13

Aryabhata, 220

ASCII code, 169

Asimov, Isaac, 197

Assayer, The (Galileo), 1

Association of Nicolas Bourbaki’s
Collaborators, 163

Assyrians, 24

asterisk, 90

asymmetra, 161; irrational numbers, 160

Athens in antiquity, 42

Ayn new Kunstlich Buech (Grammateus),
72

Babbage, Charles, 63, 111, 133

Babylonian mathematics, 36

Babylonians, 24, 42, 87, 129, 215

al-Baghdadi, Muhammad ibn Abd
Allah ibn al-Mujill, 87

Bakhshali manuscript, 37-38, 38

Barrow, Isaac, 95, 109, 111, 112

Baudolino (Eco), 84

Begriffsschrift (Conceptual Notation)
(Frege), 154-55

Being, 170

Bélidor, Bernard Forest de, 144

Berkeley, George, 138, 141

Berlin Institute for Analysis, 54

Bernoulli, Jakob, 190, 193

Bernoulli, Jean, 232

Bernoulli, Johann, 61, 112-13, 125, 130,
131,190

Beytrdge zur Aufnahme der theoretischen
Mathematik (journal), 231

Bible, 80

big data, 11

binary coded real numbers, 176, 177

binomial symbol, 209-12

bit, binary digit, 176

blackbody, 194; radiation, 195; spectrum
for different temperatures, 195

Bohr, Niels, 195

Bolzano, Bernard, 171

Bombelli, Raphael, 56, 102

Bonacci, 25

Boole, George, 172; first empty set and,
166-68

Boolean logic, 166

Borges, Jorge Luis, 9, 174

Borne, Ludwig, 20

Bourbaki, Nicolas, 163

Bourbaki group, 164, 217, 218; rational
numbers, 162-63

Bourbaki theorem, 163

Brahe, Tycho, 50

Briefe and True Report of the New Found
Land of Virginia (Harriot), 99

British Museum, 184

British Union Jack flag, 85

Brotordnung, “bread regulation,” 80

Byzantine times, 88

¢, speed of light, 196-200

Cajori, Florian, 2

Calcolo geometrico (Geometric Calculus)
(Peano), 167, 172

calculating tables, 26

calculus: delta, 125-28; epsilons, deltas,
and invention of real numbers,
134-37; Leibniz vs. Newton, 107-13;
mathematical dart, 143-48; nabla,
118-22; notation f(x) and concept
of a function, 128-34; partial
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derivative, 113-18; reaching the limit,
138-43; Wallis and infinity, 122-25

calculus summatorius, calculus of
sums, 109

calligraphy, 106

Calvino, Italo, 1

Cambridge University, 94

Canaanite alphabet, 178

Cantor, Georg, 126, 127, 128, 136-37, 165,
167, 173-79

capitalism, 22

Cardano, 76, 181, 225

Cardinality, Cantor’s theory, 174

Cartan, Henri, 163

Cartesian coordinates, introduction
of, 51

Cassiodorius, Magnus Aurelius, 161

Catholic Church, 50

Catholics, 91-92

Cauchy, Augustin Louis, 135, 171

Cauchy sequences, 135-36

Cavalieri, Bonaventura, 125

Cavalieri’s method of exhaustion, 109

Cavalieri’s principle of infinity, 123, 124

Cayley, Arthur, 226-27, 227

ceiling, 207

celeritas, term, 197, 198

central nodes, 229

central symmetry, 40

Charles I (King), 91

Chaturbhuj Temple, oldest known use
of zero, 37

Chevalley, Claude, 163

Chia Hsien, 210

Chinese: stones and rods, 35; system of
counting, 34

chord, 219

Christian crosses, 70, 73; X-shaped
cross, 82

Chugquet, Nicolas, 56, 102

cipher, 36

circle, squaring, 19

Circle, The (van Ceulen), 186

circular slide rule, Oughtred, 82

Clavis mathematicae (The Key to Mathe-
matics) (Oughtred), 82, 83, 85, 86, 186

INDEX 249

Clavius, 91

Cleopatra: death of, 42; Mark Antony
and, 43

Clifford algebras, 122, 183

clusters, 229; symmetry, 40-41

Cobol, 207

Codex vigilanus, 24, 25

Collected Works of Bernhard Riemann
(Riemann), 145

colon(s) 106; dots, 105

combinatorics: binomial symbol,
209-12; factorial, 201-4; floor and
ceiling for numbers, 207-9; sigma,
204-6

comma, 104-6; dots, 105; word, 105

Common Era, 82

Compendium of Algebra (Scheubel), 96

Complete Works (Gauss), 62

complex exponent: definition of, 16;
representation of, 16

complex numbers, 180-83

compounded interest, 190

computer keyboard, APL language, 208

congruence, idea of, 223

congruence symbol, arithmetic in
miniature, 221-24

constant(s): Euler’s number and expo-
nential growth, 189-93; pi, 183-89;
Planck’s, and quantum of action,
194-96; power of imagination,
180-83; speed of light ¢, 196-200;
word, 198

constructive, 165

continuous, function, 137

convergent sequence, 135

cos, 221

cosine, 218, 219, 219

co-sinus, 220

cosmology, 170

Coss (Ries), 79

cossist art, 47

Coulomb’s law, 199

Council of Constantinople, 114

countable sets, 175

Cramer, Gabriel, 62, 62, 225

credit, 77-78
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Crelle, August Leopold, 232

Crelles Journal, 53, 232

Cromwell, Oliver, 91-92

cross: addition, 69-73; multiplication,
82-86

cube, 55-56

cuneiform incision, 36

cuneiform script, 29

cuneiform writing, 28

D’Alembert, Jean le Rond, 133

daleth, Phoenician letter, 125

dangerous bend, symbol, 218

da Signa, Boncompagno, 106

debit, 77-78

de Broglie, Louis, 196

decimal point, 63-68

Dedekind, Richard, 128, 136, 146, 224

De determinantibus functionalibus
(Jacobi), 115-16, 116

De Geometria recondita (Leibniz), 109

de Landa, Diego, 34

Delsarte, Jean, 163

delta(s), 134-37, 137; calculus, 125-28

De Morgan, Augustus, 74, 182, 204

derivative(s); Newton’s notation for,
111-12; partial, 113-18

de Saint-Vincent, Grégoire, 193

Descartes, René, 14, 48, 49, 50, 57-59,
74,76, 77, 91, 94, 102-3, 129, 130, 236;
portrait, 59

De Thiende (The Art of Tenths)
(Stevin), 47, 66, 67

diagonalization method, binary coded
real numbers, 176-77, 177

Dialogue on the Two Chief World Sys-
tems (Galileo), 95

Die kombinatorische Analysis (Combi-
natorial Analysis) (Ettingshausen),
210, 211

Dieudonné, Jean, 163

difference, delta, 125

differentia, 125

Diogenes of Sinope, 170

Diophantus, 5-6, 9, 45-47, 50, 51, 55, 91

Dirichlet, Peter G. L., 133-34

disconnected phase, 229

Disquisitiones arithmeticae (Arithmetical
Investigations) (Gauss), 223, 224

distinctio finalis, 105

division, Homer, obelus and, 89-93

division bar, operator, 86-89

Doctor Faustus (Marlowe), 93

d’Oresme, Nicolas, 70

dot notation, 104

dots, 106

Drake, Francis, 99

Dresden Library, 70

Drude, Paul, 200

e, interest, 190-91

E (uppercase Greek epsilon), belonging,
157-58

Earl of Pembroke, 96

Eco, Umberto, 84, 188

Ecole Normale Supérieure, 163

effective interest, factor e, 190-91

Egyptian hieroglyphs, 29, 69

Egyptian mythology, 166

Egyptians, 42

Einstein, Albert, 195, 196, 197, 213, 214

Einstein convention, invisible symbol,
213-15

Einstein’s relativity, 200

electromagnetism, Maxwell’s theory
of, 197, 198

elegance, mathematics, 14

elementary quantum of action, 194

Elements (Euclid), 5, 32, 42, 43-44, 45,
216

Elements d’arithmétique universelle
(Kramp), 202

Eléments de mathématique (Elements of
Mathematics) (Bourbaki), 163, 164

Elizabeth I (Queen), 98, 99

empty set, 167; Boole and first, 166-68;
2,164

energy quanta, 194

engineering books, identifiers and
operators, 13
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England, cross of St. George, 84, 85

epsilons, 134-37, 137

equality, operators, 94-97

equality symbol, Descartes, 80

Erasmus, 101

Erastosthenes, 42

Ethics (Spinoza), 216

Ettingshausen, Andreas Freiherr von,
210

Euclid of Alexandria, 5, 6, 45, 50, 51,
160, 215

Euler, Leonhard, 14, 15, 16, 17, 63, 115,
125-26, 127,131, 145, 181, 188, 192-93,
193, 204-6, 210, 211, 221; notation of
function, 131-34, 133; symbol i, 182;
symbol of a function by, 131-32, 132

Euler’s identity, 15, 16

Euler’s number, exponential growth
and, 189-93

exhaustion method: Archimedes’
method, 139; Cavalieri’s method, 109

existence symbol, 149

existential quantifier, 149-53, 152, 153

exponential growth: Euler’s number
and, 189-93; function of, 189-90

factorial, 201-4

factorielle, term, 202

faculté, term, 201

Fakultdt (faculty) function, 201

Fangcheng, 228, 228

father of analysis, absolute value and,
51-54

Fermat, Pierre de, 49, 76, 98, 112

Fermat’s conjecture, 49

Fermat’s Last Theorem, 49

Fermat’s primes, 49

Fermat’s principle, 49

Fibonacci, Leonardo, 21, 22-27, 37, 78, 88

Fibonacci sequence, term, 25

finite field of numbers, 222

fixed-point representation, 68

floating-point representation, 68

floor, 207

fluences, Newton’s notation, 112

INDEX 251

fluxion, “flowed,” 112

Formulario mathematico (Formulary
for Mathematics) (Peano), 149, 150,
151, 152, 157, 158, 173

Fortran, 207

Fourier, Joseph, 117

fractions, 26

Fraenkel, Abraham, 168, 169

Frakturschrift (fractured typefaces), 118

Franco-Prussian War (1870-1871), 163

Frege, Gottlob, 150, 154-55, 166, 168

French Revolution, 135, 202

fully connected phase, 229

function: notation f(x) and concept of,
128-34; term, 130

functional optimization, 118

fundamental theorem of algebra, 183

gabru-maharu, Assyrian word, 9

gader, word, 21

Galileo Galilei, 1, 50, 95, 197, 217

Gandz, Solomon, 9

Gauss, Carl Friedrich, 2, 182-83, 199,
207, 223, 236

Gentzen, Gerhard, 153, 154, 156-57

Geometria organica (Maclaurin), 103

Géométrie (Descartes), 49, 50, 57, 58,
59, 76, 77, 130

geometrization, mathematics, 43-44

geometry, 218; Euclidean, 32; Pythago-
rean theorem, 14; triangles, 18

Gerard of Cremona, 21, 220

Gleitkomma, “sliding comma,” 68

God, Christian conception of, 113-14

Godel, Kurt, 155

Goldbach, Christian, 17, 193, 193

Golden Age of Islam, 5, 6, 20

Gothic script, 114, 114-15

Gottingen School, 157

Grammateus, Henricus, 72

Grassmann, Hermann, 172

gravitation, 197

Greek alphabet, 178, 206; letters, 28,
30, 31

Greek antiquity, 45
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Greek cross, 69, 70, 73; addition, 69-73

Greek letters, Diophantus, 46

Greeks, 42, 87-88, 129, 160, 161

Green alphabet: letters of, 28; predeces-
sors and, 27-31

Gunpowder Plot, 99

Gutenberg’s printing press, 27, 71, 114;
Bible, 114

half-chord, 219

Halle University, 127

Halmos, Paul, 215, 217

Halmos box, 215-18

Hamilton, William Rowan, 115, 119-22;
commemorative Irish coin, 122;
nabla operator, 121

Harriot, Thomas, 48, 56, 57, 75, 80,
97-100, 102-3

al-Hassar, Abu Bakr Muhammad ibn
Abdallah ibn Ayyash, 87, 83

Hausdorff, Felix, 147

Hebrew alphabet, aleph, 173-75

Herbert, William, 96

Herigone, 56

Herigonus, 56

Herodotus, 30

heuristic, word, 195

hierarchy of infinities, 173

Hilbert, David, 125, 126, 146, 155-56,
168, 174, 236

Hilfsvariable, “auxiliary variable,” 195,
197

Hindenburg, Carl Friedrich, 232

Hindu-Arabic notation, 24

Hindus, 165

Hispaniensis, Johannes, 21

History of Mathematical Notations, A
(Cajori), 2

Homer, 90

homogeneity, numerical terms, 44

Homo sapiens, 143, 148

hoper édei deixai, 216

horror vacui, 170

Hume, James, 56-57, 58, 59

hyperbolic logarithm, 193, 193

IBM, Iverson of, 207-9

ichthys, symbol of Christianity, 82

Iliad (Homer), 90, 93

imaginary numbers, 181

imagination, power of, 180-83

“Importance of Symbols in Mathe-
matics, The” (Peano), 149, 173

impossible numbers, 181

Index librorum prohibitorium (Index of
Forbidden Books), 51

India, concept of zero, 36

Indian mathematics, 36

indicator variable, 126

Industrial Revolution, 186

inequality symbols, 97-100

infinite magnitudes, 141

infinitesimal: concept of, 123; defini-
tion of, 141

infinity, Wallis and, 122-25

instantaneous rate of change, 192

institute of thought, notational systems,
209

Institutiones calculi differentialis
(Euler), 126, 127

integer part function, 207

integer part of x, 207

integral calculus, name, 112

integration, Newton’s notation for,
109-10, 110

interlingua, 167

International Congress of Philosophy,
150

intersection and union, sets and func-
tions, 171-73

Introductio in analysin infinitorum
(Introduction to the Analysis of
the Infinite) (Euler), 131, 221

Introduction a I'analyse des lignes
courbes algébriques (Introduction
to the Analysis of Algebraic Curves)
(Cramer), 62, 62

Investigations on Logical Inference
(Gentzen), 153

invisible symbol, Einstein’s conven-
tion, 213-15
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Ireland, cross of St. Patrick, 85

irrational, 159, 161

irrational numbers, 189; asymmetra,
160; as “God’s numbers,” 161

Isagoge in artem analyticam (Viete), 47

Islamic Golden Age, 5, 6

Iverson, Kenneth, 207-9

Jacobi, Carl Gustav, 115-16, 116

Jacobi’s delta, 115

Jjadhr, word, 20, 21

jaib, sine, 220

Jenson, Nicolas, 101, 101

Jiizhang shdnshii (Fangcheng), 228, 228

Jones, William, 186

Journal des mathématiques pures et
appliquées (journal), 233

Journal fiir die Reine und Angewandte
Mathematik (journal), 232

Jya, half-chord, 220

al-Karaji, 210

Kemet alphabet, letters, 31

Kepler, Johannes, 66

al-Khayyami, Omar, 210

Khuth, Donald, 217

al-Khwarizmi, Muhammad ibn Msa,
6-10, 20, 236

Kitab al-Bayan wa altidhkar fi san ‘at
‘amal al-ghubar (al-Hassar), 87, 89

Kitab al-fusul fi al-Hisab al-Hindi
(Book of Chapters on Indian Arith-
metic) (al-Uqlidisi), 64

Kitab al-kamil fi sinaat al-adad (Com-
pendium of the Art of Numbers)
(al-Hassar), 88

Klein, Felix, 126, 127, 175

Kollros, Louis, 215

Kondratieva, Natasha, 14

Konstante, 198

Kovalevskaya, Sofia, 53-54

Kramp, Christian, 201-4

Kronecker, Leopold, 126-28, 174

Kronecker delta, 126

Kummer, Ernst, 53, 126

INDEX 253

Lagrange, Joseph-Louis, 141, 206, 236

L’Algébre de Viéte (Hume), 56-57

Latin alphabet, 39

Latin cross, 69, 70

latitude, 129

latus, “side,” 19, 20

Laws of Arithmetic, The (Frege), 166

Leathem, John Gaston, 143, 143

Lectures on Number Theory (Dedekind),
224

Lectures on Quaternions (Hamilton), 119

Legendre, Adrien-Marie, 63, 115, 116,
117,133, 188, 223

Lego bricks, 161

Leibniz, Gottfried Wilhelm, 2, 52, 58, 61,
63, 67, 74, 85-86, 92, 95, 103, 121, 125,
130, 138, 141, 161, 188, 190, 205, 206,
225,229, 236; linear equations, 60-61;
Newton vs., 107-13; notation for
integral symbol, 107, 108; notation
system, 115

Leiden University, 186

Leipziger Magazin fiir reine und ange-
wandte Mathematik (journal), 232

Lessons on the Theory of Determi-
nants, Kronecker, 127

Letter Perfect (Sacks), 29

L’Huillier, Simon Antoine Jean, 142, 142

Liber abaci (Fibonacci), 21, 22-27, 23, 88

Liber algebrae et almucabola (al-
Khwarizmi), 8

Library of Alexandria, 43, 90

limit, reaching the, 138-43

limit point, 138

linear equations, Leibniz’ system of,
60-61

Liouville, Joseph, 233

Lisp, 207

logarithms, 191; Napier, 67, 83

logic, 39, 40

logicist, 156

logic notation, Peano-Russell, 150-51, 151

logos, 160

longitude, 129

Lorenz, Hendrick, 200
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Louis XIV (King), 161

lower vinculum, 102
Ludolphian number, 185-86
Luther, Martin, 80

Machin, John, 187-88

Maclaurin, Colin, 103, 103

mal, word, 20

Maltese cross, 69, 70, 73

mapping, 128; function as, 146

Marco Polo, 22

Marlowe, Christopher, 93

Mary (Queen), 96

mater, word, 226

Mathematical Analysis of Logic
(Boole), 166

mathematical dart, calculus, 143-48

mathematical expressions, 11-12

mathematical formulas, most beauti-
ful, 14-17

mathematical identifiers, occurrence
of, 13

mathematical symbols, 1-2; use of, 10-12

mathematics: geometrization of,
43-44; history of, 10, 22; nothing-
ness and, 164-71

Mathematics Genealogy Project, 54

Math Institute of Leiden, 187

MATLAB, 208

matrices, mother structure, 224-28

matrix, term, 225

Maxwell, James Clerk, 119, 120, 121,
197, 199-200

Mayan numbers: bars and dots, 33;
counting, 34-35; decorations on cup,
35; glyphs in shape of human heads,
34; representation from 0 to 19, 33

Mayans, 165

measure theory, Halmos, 217

“Memoir on the Theory of Matrices,
A” (Cayley), 226, 227

Memoirs of the Analytical Society, 63

Mercantile Arithmetic (Widmann), 72

Mercantile Arithmetic oder Behende und
hiipsche Rechenung auff allen Kauff
manschafft (Widmann), 71, 73

mercantilism, Hindu-Arabic numerals
and, 22-27

Method of Fluxions and Infinite Series,
The (Newton), 110, 110

method of least squares, 118, 117

Methodus tangentium inversa, seu de
functionibus (Leibniz), 131

Middle Ages, 71

Military Academy, 173

miniature worlds, finite number fields,
221-24

Mirifici logarithmorum canonis descriptio
(Description of the Marvelous Canon
of Logarithms) (Napier), 191-92

mirror symmetry, 40

Miscellania berolinensia (journal), 61

Moderne Algebra (van der Waerden), 147

modus mathematicus, 217

mol., term, 52

mold, word, 226

Mouseion, 43

Multiplication, cross of, 82-86

nabla: calculus, 118-22; operator,
120-21, 121

Namagiri (goddess), 188

Name of the Rose, The (Eco), 188

Napier, John, 67, 68, 82,191, 192, 193

Napier’s constant, 189

National Socialist German Workers’
Party (NSDAP), 156

natural logarithm, 193

natural numbers, 161-62; Giuseppe
Peano, 78

naught, zero, 37

Nazi Teachers’ Association, 156

negative numbers, subtraction and,
73-78

Neugebauer, Otto, 9

New Art Book, A (Grammateus), 72

new synthesis, analytic geometry as
a, 48-51

New Testament, X-shaped cross, 82

Newton, Isaac, 52, 58, 95, 114, 124, 125,
138, 141, 186, 205, 209, 229, 230, 236;
Leibniz vs., 107-13; notation for
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integration, 109-10, 110; notation
system, 115

Newton, Sir Isaac, 103

Nine Chapters on the Mathematical
Art, The (Jitizhang suanshit), 73

Nine Chapters on Mathematical Art,
The (Fangcheng), 227-28, 228

Nobel Prize, computer science, 209

Non-Being, 170

notation f(x), concept of a function,
128-34

nothingness, mathematics and, 164-71

Nova acta academiae scientiarum impe-
rialis petropolitanae (Euler), 210,
211

null, zero, 37

nulla, zero, 36

nulle, zero, 36

null positions, 18

number line, 76

numbers, floor and ceiling for, 207-9

“numbers of God,” 180

obelus, 90, 106; division, 89-93

Odyssey (Homer), 90

one-to-one correspondence, 175

Opera mathematica (Wallis), 124

operators, 72; addition, 69-73; cross of
multiplication, 82-86; division
bar, 86-89; equality, 94-97; Homer,
the obelus and division, 89-93;
inequality symbols, 97-100; sub-
traction and negative numbers,
73-78. See also symbols

Oresme, Nicolas, 129-30

Oughtred, William, 66, 82-83, 83, 85,
86, 186, 192

oumen, “nothing,” 36

oxen of mathematics, aleph and Greek
alpha, 179

Oxford University, 94

Oxford University Library, 37

Pacioli, Luca, 10, 27, 94
paleographers, 70
papal cross, 70

INDEX 255

parenthesis: vinculum versus, 100-104;
word, 100

Paris Academy, 230

Parmenides of Elea, 170

partial derivative, calculus, 113-18

Pascal, Blaise, 212

Pascal’s triangle, 211, 212

patriarchal cross, 70

Peano, Giuseppe, 40, 78,104, 105, 146,
149-52, 153, 155-56, 157, 158, 162, 167,
167, 171-73; rotations of letters, 41

Peirce, Charles Sanders, 155

Pell, John, 91-92

Penny Cyclopaedia (Kramp), 204

Percy, Henry, 99

Percy, Thomas, 99

period, 104-6; dots, 105

Persian mathematics, 36

phase change, phenomenon, 228-29

phase transition, phenomenon, 228-29

phi, function of x, 130

Philosophical Transactions of the Royal
Society (journal), 230, 233

Phoenician alphabet, 178, 179, 206, 221

Phoenician letter, daleth, 125

Phoenicians, 123; alphabet, 152; alpha-
bet of, 28, 29, 30, 31

pi (symbol 7t): Archimedean constant
and Ludophian number, 183-89;
importance in mathematics, 185;
“Pi Day,” 184

Planck, Max, 168, 196, 196-97, 200

Planck interval, 197

Planck’s constant, quantum of action,
194-96

Planck unit of length, 197

Planck units, 196

Plato, 42; Plato’s Academy, 230

Poe, Edgar Allan, 9

polygons, 184; successive approxima-
tions to circle, 185

polyhedra: equation for, 16; regular, 17

powers, as superscripts, 55-59

power set, 178; Cantor’s concept of, 178

predicate logic, 146, 166

predicative, 165
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prince of mathematics, Gauss as, 223

Principia (Newton), 58

Principia mathematica (Whitehead
and Russell), 104, 105, 146, 150, 152,
157-58, 168

privatdozent, 126

Protestantism, 91-92

proto-Canaanite alphabet, 178

proto-Sinaitic alphabet, 29, 29

Prussian Academy of Sciences, 141, 230

pseudonumbers, Leibniz, 61

publish or perish, scientific journals,
228-33

punctuation, comma and period, 104-6

Pythagoras, 14, 42, 160

Pythagorean Hippasus, 160

Pythagorean theorem, 18; demonstra-
tion without words, 15, 15

q, quantita, 47

QED, 216-17

quadratic equations, 17, 18

quadrature, 109

quantum of action, Planck’s constant,
194-96

quaternions, 120

R language, 208

radix (root), 20, 21

Rahn, Johann Heinrich, 91-92

Raleigh, Sir Walter, 98, 99, 100

Ramanujan, Srinivasa, 188, 189

al-Rashid, Harun, 5

rational, 159, 161

rational numbers: integers and natural
numbers, 162; set of, 159-64

reaching the limit, calculus, 138-43

real numbers, invention of, 134-37

Rechnung nach der lenge auff den
Linihen und Feder (Calculation
According to Length of Lines and
Quill) (Ries), 79, 81

Recorde, Robert, 94-97

rectangular arrays of numbers, matri-
ces, 224-28

refracts, 118

Relacion de las cosas de Yucatdn (Yucatan
Before and After the Conquest) (de
Landa), 34

relation, term, 131

relational operators, 12

relativity, Einstein, 200

remainders of 9, 80

“Remarques sur la notation des fonc-
tions algébriques” (Notes on the
Notation of Algebraic Functions)
(Cayley), 226, 227

Renaissance, 6, 44, 48, 101, 235

repaired set theory, 169

Rhabdologia (Napier), 67, 68

rhetorical algebra, 45

Rhind papyrus, 184

Richter scale, 192

Riemann, Bernhard, 145, 145

Ries, Adam, 78-82

Robert of Chester, 220

Roman alphabet, letters, 31

Roman Empire, 82

Romans, 160-61

roots: extraction of, 17-21; root of 2 as
irrational number, 19-20; solutions
of equations, 20

Royal Society, 111, 112, 186, 230

RSA algorithm, 223

Russell, Bertrand, 105, 146, 150, 151, 156,
157-58, 165, 168

Sacks, David, 29

St. Andrew’s cross, 69, 70, 83, 84
St. Augustine, 161, 180

St. Isidore of Seville, 105-6

St. Petersburg Academy, 210
Salutati, Coluccio, 101, 203, 203
Salutati brackets, 101
al-Samaw’al, 210

Sarasa, Antonio de, 193

Sartre, 171

Scheubel, Johann, 96

School of the Night, 100
Schroder, Ernst, 172
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Schwarz, Hermann, 54

scientific journals, publish or perish in
first, 228-33

Scotland: cross of St. Andrew, 84, 85;
Scottish flag, 84, 85

scuole d’abaco, 27

semicolons, 106

Semitic alphabet, letters, 31

“separatrix,” Oughtred, 66

sets and functions: aleph and paradise
of infinities, 173-79; existential
quantifier, 149-53; fear of nothing-
ness, 170-71; mathematics and
nothingness, 164-71; rational
numbers, 159-64; stylized symbol
€ is for belonging, 157-58; union
and intersection, 171-73; universal
quantifier, 153-57

set theory, 39; Zermelo and axiomatic,
168-70

1751 Encyclopedia (Diderot), 144

Seven Wonders of the World, 42-43

Shaw, Larry, 184

Shih-Chieh Chu, 210

sigma, notation, 204-6

sine, 218, 219; abbreviations, 220

sine of theta, 218; trigonometry and,
218-21

sinus, word, 220

slide rule, 191, 192

Smith, William Robertson, 121

Sofia Kovalevskaya Award, 54

speed of light (c), constant, 196-200

Spinoza, Baruch de, 216-17

square, 55-56

square root, 18; method for finding, 18, 19

stereometry, 17

Stevin, Simon, 47, 56, 66, 67

Stifel, Michael, 47, 96, 210

Stifel’s triangle, 211

structure, matrices, 225

subscripts, 60-63

subtraction: inverse operation of addi-
tion, 69; operator, 73-78; symbols, 72

sum calculus, term, 113

INDEX 257

Sumerians: tablets, 28-29; writing
system, 35-36

Summa de arithmetica, geometria,
proportioni et proportionalita
(Pacioli), 27

summations: sigma, 204-6; symbol, 205

superscripts, powers as, 55-59

Sylvester, James Joseph, 225-26, 226

symbols: comma and the period,
104-6; equality, 94-95, 96; existen-
tial quantifier, 149-53; Halmos box,
215-18; inequality, 97-100; invisible
symbol, 213-15; occurrence of, 13;
Oughtred, 83, 83; parenthesis vs. the
vinculum, 100-104; Peano-Russell
logic notation, 150-51, 151; powers
as superscripts, 55-59; symmetry of,
39-41; universal quantifier, 153-57;
variations of, 235. See also operators

symmetry: clusters, 40-41; symbols,
39-41

Synopsis palmariorum matheseos
(New Introduction to Mathematics)
(Jones), 186

Syriac alphabet, 178

table of logarithms, 191

Tait, Peter Guthrie, 121

tan, 221

tangens (touch), 220

tangent, 218, 219, 219

Taylor series, 16

Technische Hochschule, 53

tensors, 213

Teutsche Algebra (German Algebra)
(Rahn), 91, 92

Textualis, 114

TeX type system, 217

Thousand and One Nights, A, 9

“three stars,” mathematics, 126

tombstone, 217

tooth, word, 206

topological transformations, 147

Tractatus de sectionibus conicis (Tract
on Conic Sections) (Wallis), 123
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Tractatus logico-philosophicus (Witt-
genstein), 217

Traité du triangle arithmétique (Trea-
tise on the Arithmetical Triangle)
(Pascal), 60, 212, 212

Treatise of Algebra, A (Wallis), 77

triangles, 18, 218

trigonometry, sine of theta and, 218-21

Trinity College, 114, 119

Tshu shi Kih, 210

Turing Award, 209

typographers, rotating letters, 40

Ulfilas (Bishop), 113-14

“Ultima ratio regum” (motto), 161

union and intersection, sets and func-
tions, 171-73

Union Jack, Britian, 84, 85

universal quantifier, 153, 153-57

University of Berlin, 51, 53, 126

University of Edinburgh, 121

University of Gottingen, 153, 156, 168

University of Konigsberg, 53

University of Leipzig, 70

University of Miinster, 52

al-Ugqlidisi, Abu’l-Hasan, 20, 64, 65, 65

Urbisaglia, Iacopo Alpoleio da, 203

van Ceulen, Ludolph, 185-86, 187,
188-89

van der Waerden, B. L., 147

van Schooten, Frans, 50, 76, 91

variable x, 42-51; algebraization of
mathematics, 44-48; analytic geom-
etry as new synthesis, 48-51; geom-
etrization of mathematics, 43-44

Vatican, 27; Index librorum prohibito-
rium (Index of Forbidden Books), 51

vernacular, 45, 87

Viéte’s Algebra (Hume), 57

Viete, Francois, 44, 47-48, 49, 56-57,
66, 74, 80, 86, 91, 98, 102

vinculum: parenthesis versus, 100-104;
term, 102

Virgin Margaret of Citta di Castelo, 188

Volume and Surface Integrals Used in
Physics (Leathem), 143, 143

von Braun, Wernher, 156

Vorlesungen iiber die hohere Mathema-
tik (Ettingshausen), 210

Wallis, John, 76, 77, 95, 103; Cavalieri
principle, 123, 124; infinity and,
122-25

water mill, diagram of, 144

Weber, Wilhelm, 199

Weber’s constant (¢), 198-200

Weierstrass, Karl, 51-54, 126, 127, 142,
171, 236

“Weierstrass rigor,” 53

Weil, André, 163, 164

Wessel, Caspar, 16

Whetstone of Witte, The (Recorde),
95-96, 96

Whitehead, Alfred North, 105, 146, 150,
151, 156, 157-58, 168

Why Read the Classics? (Calvino), 1

Widmann, Johannes, 70-73, 78-79

Wittgenstein, Ludwig, 217

Wurzeln bestimmen, “to determine the
roots,” 18

X-shaped cross, Christianity, 82
Yang Hui, 210

Zamberti, Bartholomew, 216

Zeno, 122

zephirum, zero, 37

Zermelo, Ernst Friedrich Ferdinand,
165, 169; axiomatic set theory and,
168-70

zero, 32-38; aleph, 176, 178; Bakhshali
manuscript, 37-38, 38; concept of, 33,
36, 164-65; counting, 34-35; Mayan
numbers from 0 to 19, 33; oldest
known use of, 37; other side of the
world, 35-37; oumen as “nothing,”
36; recent findings, 37-38; sifr, 36;
zephir, 22
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