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299, 300
semantics of language 138

Lagrange, Joseph-Louis 183, 222, 223
Lagrangian 121

Laguerre, Edmond Nicolas 225
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Moore’s law 32, 37, 54
De Morgan, Augustus 182
morphism 102, 104, 121
Morris, Rebecca 239-242
Moscow Mathematical Papyrus 268
MRI (magnetic resonance image) 50
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NBG (von Neumann, 156
Bernays and Gödel) set theory

neuroscience 315, 352
Newstead, Anne 155, 159
Newton, Isaac 2, 194, 213, 217, 218,

251, 291-293, 296
N. gravitational theory 167, 168
N. mechanics 81, 92, 95, 140
N. (second) law of motion 130
N. third law of motion 41
Newton’s method 47
Opticks 217
Principia Mathematica 217, 218

Nieder, Andreas 349
Nielsen, Pace 17
Nielson, Michael 18, 23

Reinventing Discovery 18
nominalism 133-145, 148, 149, 153
notation, 12, 287-289, 292-294, 296,

298, 299
nouns of math 269-277, 280, 282
number passim

number concepts 322, 337,
350-352, 358

number knowledge 324, 326,
328, 333-340

number words 324, 325
number theory 10, 31, 59, 203, 204,

242
algebraic number theory 240
analytic number theory 240

numerals 324, 327
numerical analysis 262
numerical computing, 27, 32, 46,

47,48, 57-63
Nuñez, Rafael 358
Nuremberg Racial Laws 72

object-region 89, 95
objects (entities), mathematical 1,

122, 129, 140, 142, 144,
145, 149-153, 156, 171, 173,
177-181, 191, 213, 237

identity of 2
non-existence of 133-145

objects, medium sized 214
objects, nonexistent 138, 142
objects, physical 235
Octave (software) 30
Odell, Noel E. 11
O’Halloran, Kay 3, 70, 287-304
online resources 31
ontology

math. ontology 25-68, 147-175,
178, 180, 182, 192, 213, 229,
231, 232, 236

multiple ontologies 84, 96
ontology of space 75-99

open science 18
open source software 18
OpenFoam 31
operations, fundamental 262
optimization 31, 49

convex optimization 50
orbits 46-48
ordinal, ordinality 2, 158, 204-206,

210, 323, 324, 333, 350-353,
355, 361, 362

finite ordinals 161
ordinal judgment 333
ordinal task 331, 332, 352
transfinite ordinal 158, 171, 324

Orwell, George 2
oscillator arrays 43-45
oscillators, Winfree 45
overfitting 53
Oxford English Dictionary 31
Oxford University 12

Pade’, Henri 56
Pade’ function 56

Panzer, Eric 58
Pappus 216
parallel postulate 184, 186, 187, 190
parallel processing 37
PARI (software) 31, 54
Parsons, Charles 104, 105
partition function 14, 33-34, 121
Pascal, Blaise 217
Pasch, Moritz 226, 227

Pasch axioms 227
path 102
Pauli, Wolfgang 318
Peacock, George 182

Peano, Giuseppe 115, 116, 323, 343
Peano arithmetic 125

Pearson, Karl 59
Pease, Alison 3, 6, 9-23
pedagogy: see education
Peet, T. Eric 265, 266
Penrose, Roger 37

The Emperor’s New Mind 37
perception 321
perception of sets, numbers 63-165
performativist analysis 365, 367
permutation 108, 183
Perrin, Jean-Baptiste 88
perturbation theory 47
pharmacology 31
philosophers 235, 236
philosophy 148, 236, 238, 305, 306,

311-314, 318, 343, 348
analytic philosophy 306
ordinary language philosophy 306, 368
philosophy of language 138, 169
philosophy of mathematics 3, 4,

133, 149, 153, 156, 161,
173, 177, 188, 235, 236,
239, 249-253, 315, 318, 362

philosophy of science 128, 318
physics 3, 30, 43, 88-90, 93,

102, 113, 118, 129, 134,
162, 167, 168, 170-172,
175, 185, 186, 191, 193, 253

mathematical physics 25, 57, 114, 130
Newtonian physics: see under Newton
particle physics 112
physical system 120
physics engine (see also simulation) 81, 96

pi (π) 34, 168
infinite series for π 35-36
quartic algorithm for π 36-37
reciprocal series for π 34-35

Piaget, Jean 349
Piantadosi, Steven 3,4, 305-320
Picasso, Pablo 98
Pinker, Steven 309
Pioneer plaque 257
planetary dynamics 3, 46-48
Plato 2, 140-142, 148-151, 153, 156, 166,

213, 236
Platonic forms 148-151
Platonism 129, 130, 133, 134,

137, 139-142, 149, 153, 163, 164,
171, 172, 181, 313, 316

The Republic 148, 150
Plouffe, Simon 37
Plücker, Julius 213, 221, 224-227
Poincare’, Henri 2, 30, 47, 161, 185,

186, 213, 229, 230
Poincare’-Bendixson theorem 117

Pochhammer, Leo August 35
Pochhammer symbols 35
point (finite) 214, 218, 224, 226
point at infinity 156, 213-231, 359
points, physical 106
Pollack, Jackson 98
policy, public 3
polymath 9, 14-23
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polymath Ground Rules 21-22
polymath 8 15-18

polyhedra 89
polynomials, 107, 108

characteristic polynomial 32
polynomial equation 220, 221
minimal polynomial 32

Poncelet, Jean-Victor 213, 224, 226
Popper, Karl 175
Poudra, Noël Germinal 217
power set 199-201, 203
practice, mathematical 3, 19, 137, 237
predicate calculus 157
predicative mathematics 161
Priestley, Joseph 291
primes 278

bounded gaps in primes 15-18, 23
p. in arithmetic progression 30
prime number theorem 247
twin primes 15

printing press 293
probability 5, 59, 159
problems, mathematical 190, 192
products, mathematical 69-74

commercialization 71
competitive aspects 71-72
judgments 73
legal aspects 72
moral aspects 73
philosophical aspects 72
social aspects 72
transmission 71

programming language 31
projective geometry;

see geometry, projective
projective plane 227
projective transformation 224, 226
proof 10-19, 20, 21, 30

proof assistant 245, 249, 250
proof certificate 30
formal proof 27
formal proof verification 40
incomplete proof 63
informal rigorous proof 145
rigorous proof 64
proof technique 13

protein conformation 49-52
Proust, Christine 263, 265
pseudo-problem 96
PSLQ algorithm 27, 28, 38, 57, 61
psychologism 315, 316
psychologists 232, 321, 322
psychology 76, 232, 253, 317

cognitive psychology 330
naive (folk) psychology 83, 98

public policy 365-378
pure math 17, 20, 25, 183, 188
Putnam, Hillary 309
Pythagoras 85

Pythagorean distance 228
Pythagorean triple 86, 98, 270
Pythagorean theorem 189, 191

Python (programming language) 31,
54, 315

QRS constant 45, 46
(Quinn-Rand-Strogatz)

Quine, Willard V.O. 105, 231, 235,
238, 309

Quinian bootstrapping 324, 325,
329

“Two dogmas of empiricism” 238
Quinn, D. Dane 45
Quinn, Frank 63
quadratic forms 183, 242
quadratic number field 34
quantum field theory 57, 114, 121
quantum mechanics 42, 88, 106,

112, 113
quantum theory 167, 168

of space and time
quaternion 183, 359

Rachford Jr., H.H. 50
Rademacher, H. 33
Fitzroy Somerset, Lord Raglan 350
Ramanujan, Srinivasa 6, 11, 14, 20,

33, 34, 36
ramble integrals 58-59
Rand, Richard H. 45
rational number 108, 157, 159,

193-195, 197
Rayleigh, Robert John Strutt 59
real numbers 2, 3, 27, 80, 81, 86, 106,

157, 159, 167, 168, 180, 182,
192-211, 230, 239, 240, 252,
277-279, 311

real analysis 5
computable real numbers 108
properties of reals 277-279
theory of reals 86, 91, 106, 190

reductionism 148
region (subset of Euclidean space)

lower-dimensional 93
r-regular 90, 99
smooth 88
topologically open/closed 94, 95
topologically regular 94, 99

relativity, theory 90
representation theory 244
Resnik, Michael 322, 343
responsibility of scientists 378

and mathematicians
retract 103, 104
rhetoric 377
RMP 265-268

(Rhind Mathematical Papyrus)
Rice, A. 23
Riemann, G.F. Bernhard 55, 226, 228,

229, 239
Riemann zeta function ζ(n) 55-57
generalized R. hypothesis 62

rigid object 78, 81, 85, 86, 88, 89,
92, 95, 96

rigor 10, 20
ring problems 46-47
Rips, Lance 4, 5, 321-346
Risch, Robert Henry 32

Risch’s decision algorithm 32
ritual origin of counting 348, 350, 351,

361, 362
Roberts, Andrew 18
Roberts, David 18
robot 75-99
Ross, Micah 3, 257-286
rotation, 114

rational rotation 86
rotation group: see group, rotation
rotational invariance 85, 86
uniform rotation 86

Royal Society [FRS] 10, 12, 14
Rubik, Ernõ 71

Rubik’s cube 71
Ruelle, David 42
Rukseyer, Muriel 259, 260

“Gibbs” (poem) 259
Russell, Bertrand 12, 158, 188, 189,

191, 192, 245, 246, 306, 312,
313, 322, 350

Russell’s paradox 158, 312
Russell, Bob 200
Russian billionaires, set of 163
Ryle, Gilbert 368

Saccheri, Giovanni 184
de Sacroboso, Johannes 262

De Arte Numerandi

Sagan, Carl 257, 258
SAGE (software) 30
Salamin, Eugene 36
Salinger, Jerome David (J.D.) 29
Saltzman, Barry 47
sameness 314, 315
sanity check 96, 97
Sanskrit language 269, 272, 282
Sapir, Edward 258

Sapir-Whorf hypothesis 258
scale transformation, invariance 90
Schofield, Roger 258, 279
Schumacher, Heinrich 199
Schwartzenberger, Rolph 258
scientific inference 134
Scott, Walter 174
Searle, John 368
Seidenberg, Abraham 348, 350, 351, 361, 362
Selberg, Atle 201
semigroup 110, 111
semioticians 258
semiosis 287-304
Semitic languages 273
sense-reference distinction (Frege) 169
seriation 350, 356
sets 156-158, 161, 165, 269, 326, 358

constructible sets 210
countable (denumerable) sets 166, 198,

199, 208
generic set 126, 127
finite set 162-163, 168, 198
infinite set 157, 158, 167, 195, 230, 271
naturally occuring set 163
measurable set 207, 210
nonmeasurable set 208-210
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primitive set 126
projective sets 210
set theory 91, 98, 125, 126,

156-158, 170, 171, 193, 252,
262, 275, 281, 312

set theory, axioms 201-203
social constructed set 163
uncountable set 193, 197-199, 230

Shakespeare, William 138, 148, 172.
See also Hamlet.

Shanks, Daniel 37
Shannon, Claude 282
shape 106
Shapiro, Stewart 322, 343
Shelah, Saharon 208
Shepard, Roger

Shepard tone 312
Shima, Shin-ichiro 44
Sigman, Karl 200
sign system 288
signal reconstruction 50
simulation 3, 31, 48, 49

see also physics engine
Sinclair, Natalie 3, 329, 347-364
singularities, complex 48
Skolem, Thoralf 156, 158
Skype 23
slingshot effect 41
Sloane, Neil 31

Encyclopedia of 31, 312
Integer Sequences

SnapPea (software) 31
snofakes 48, 49
snowflakes 48, 49
social world 163
Soduko 71
software engineering 83
Solovay, Robert M. 208-210
Sorenson, Hendrik 31
sorites paradox 369, 370
space-filling curve 85, 99
space-time 167
space travel 3, 41
spatial regions, well-behaved 88-91
speech-act theory 368
SSReflect 247, 248

(theorem proving dialect)
statements, math. 134-138, 148
statistical mechanics 88
statistics 3, 6
von Staudt, Karl Georg 224, 227

Christian
Steel, John R. 210
Steele, Leroy P. 56

Steele prize 56
Steiner, Jakob 224
Steinle, Friedrich 31
Stewart, Potter 310
Stillwell, John 5, 157, 193-212, 232
Straub, Armin 59
string bag 78
Strogatz, Steven H. 44, 45
structural perspective 321-344
structures, mathematical 105,

177-180, 191

sub-group 123
sub-model 123-125
subscript 279, 280
Sumerians 264
super-mathematician 21
superscript 280
Suppes, Patrick 125, 126
Supreme Court 72
symbol grounding 81
symmetry 108-113

symmetrical sequence 109, 110
Szemeredi, Endre

Szemeredi’s theorem 14

Takahashi, Daisuke 36
Tait, William 237
Tao, Terrence 15-19, 30
Tarski, Alfred 85, 91, 98, 125, 172

Tarskian semantics 172
Taton, Rene’ 217
temperature map 79-80
textbooks 71-72
text understanding 98
theory, formal 123-127, 188

primitive theory 126
thermodynamics 88
Thierry of Chartres 101
Thompson, Hunter S. 312
Thompson, John Griggs 247
Thomson, James 260
Titchmarsh, Edward Charles 10
Tolkien, John Roald Reuel 91

The Lord of the Rings 144
Topological Games (software) 31
topology 31, 85, 102, 103, 159

algebraic topology 102, 104, 247
point-set topology 107, 108
topological space 103, 104

TouchCounts (software) 348, 353-358,
362

triangle 107, 111
symmetries of a triangle 109

tripos 10, 21
truth in a game 135
truth, mathematical 171
Tufte, Edward 296
Turing, Alan

Turing-completeness 308
Tversky, Amos 317
type theory 246

Ulam, Stanislaw 200
uncertainty principle 42-43
Uniqueness Problem 150

(critique of Platonism)
United States Constitution 72
universal language 257, 259, 260
unreasonable effectiveness 102, 114

of mathematics

validity checks 61, 63
de la Vallee-Poussin, 242, 243

Charles-Jean
variables 280, 281

Vedic hymns 269
verbs of mathematics 261-269
Verran, Helen 3,5, 365-397.
Vienna Circle 175
Viete, Francois 280, 281
virtual number 358
vision, computer 98
visual mathematics 49
Viswanath, Divakar 47
Vitali, Giuseppe 209
Voyager mission 41

van der Waerden, Bartel Leendert 183
walks, random 59, 62
walks, short 58-60
Wan, James 59
Warnaar, Ole 64
Washington, George 314
Watson (software) 31
Weber, Heinrich Martin 242, 244
Weeks, Jeff 31
Weierstrass, Karl 239

Weierstrass approximation theorem 107
well-ordering principle 194, 208, 209, 350
well-posed problem 95, 115, 120
West, Nathanael 260

Miss Lonelyhearts 260
Weyl, Hermann 108-110, 213, 230
Wheeler, Lynde 259
Whitehead, Alfred North 245, 246

(with Bertrand Russell) 245, 246, 305
Principia Mathematica

Whorf, Benjamin Lee 258
wide instrumentation 31
Wigner, Eugene 102, 114
Wikipedia 31, 300, 310
Wiles, Andrew 160
Wilf, Herbert A. 35

Wilf-Zeilberg algorithm 35, 56
Winfree, Arthur T. 45

Winfree oscillators 45
Witten, Edward

Witten functor 127
Wittgenstein, Ludwig 149, 162, 168-170,

231, 235, 237, 306, 311, 368
Tractatus Logico-Philosophicus 311

wizards 144
Wolfram, Steven 31

Wolfram Alpha (software) 31
Woodin, W. Hugh 210
Wong, Erick 54, 55
World War I 12

Yee, Alexander 36, 37
Yorke, James Alan 42

Zeilberger, Doron 35
Zeno

Zeno’s paradoxes 85, 91, 97
Zermelo, Ernst 158, 202, 203, 208, 245

Zermelo-(Skolem)-Frankel
set theory (ZF,ZSF) 125, 156,
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203, 205-208, 210, 245, 318
zero, history of 274, 276
zero, understanding of 323

zeta function ζ(n) 55-57
ZFC 157, 159, 160, 171-175, 232
Zhang, Yitang 15-17

Zse, Tse-Wo 39
Zudilin, Wadim 59
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