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al-Khowarizmi, gives two words to
European languages, 232
algorithm
binary chop, 286
Euclid’s
and Bezout’s theorem, 246-248,
396, 471
competitor, 248
exposition of, 242-245
remark, 470
speed of, 245-246, 254-257
finding largest
bubble max, 277
knock-out, 277-281

for checking all algorithms, see
Turing theorem

Ford—Fulkerson, 260-267
general requirements for, 275
sorting
bubble sort, 282
comparative speed, 284
in general, 276
knock-out, 283-284, 288
maximum speed, 286-289
Stein’s, 248-249
alphabet soup, 508-509
American Civil War, 200, 206, 258, 445
Appleyard, R., lost work of, 32, 82
arms races, 194-197

arteries
as Richardson—Kolmogorov cascade,
221
Murray’s law, 221-225
ASDIC, 33
axioms

for integers
addition, 465
are they sufficient?, 479-480

fundamental, see fundamental
axiom

multiplication, 465
order, 467

needed, 463

no cause for alarm, 477

bamboos and primes, 107
bearing from range, 50, 53
Bezout’s theorem, 246-248, 396, 471
Bismarck, battleship, 58, 365
Bismarck, O. von, statesman, 517
Blackett, P. M. S.
AA adviser, 57-61, 63
and bomber offensive, 84-86
and convoy, 73-84
and nuclear weapons, 86
at Cambridge, 43
at Coastal Command, 63-73, 87
circus, 57, 92
in navy, 38-39
joins Tizard committee, 45
long range aircraft to close ‘Gap’, 76
Nobel Prize, 43
on operational research, 63
radio direction finding, 385
research, 43-44, 87
social conscience, 43, 44, 87, 93
sources of information, 381
Bletchley, see also Turing bombe
and Churchill, 366
breaks SHARK, 387
conditions of work, 378-381
exploits procedural failures, 364
German Naval Codes, 366, 380
Polish gift, 362, 363, 366
recruitment, 363, 366
secret kept, 340, 391
Short Weather Cipher, 380
text setting problem, 377-378
U-boat blackout, 381-382
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value of results, 365-366, 381, 387,
389

worst failure, 388
Zygalski sheets
exploited, 363
rendered useless, 363
blimp, 74, 88
bombe, see Turing bombe
bomber offensive, 84-86
Braess’s paradox, 268-275

British Army, indifference to elements,
129

British Navy
and radar, 49

battles against British Air Force, 33,
75

code problems, 35, 343, 389
shell problems, 39-41

strengths, 24, 41, 43, 84
traditions of, 319, 379
weaknesses, 25, 30, 32, 33, 38-42

calendar, reform of, 295-297
can machines think?, 391-392, 398, 482
Cantor, G.
aleph, X, 509
diagonal argument, see diagonal
argument

Carroll, Lewis, favourite puzzle of, 251,
462

Cassini’s identity, 251-252
catastrophe theory, 227

causes of World War I, 195, 205,
258-259

cavity magnetron of Boot and Randall,
55

centre of universe
misplaced by 250 metres, 496
non-existent, 157

chaos, 227

Cherwell, Lord, see Lindemann, F. A.
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Chesterfield, Lord, worldly wisdom,
295-296

cholera, 3-14, 16-17

Churchill, W. S., 36, 76, 366, 398

cipher, 233, see also code

clot busters, 14-20

coast of Britain, 210

code, see also Shannon theorem
and cipher, 319
Caesar, 319-320

combined rotation and substitution,
325-330

cycle representation, 349-352
decipherment

by frequency count, 321-322, 324,
325, 330, 345

by probable word, 327, 335,
341-342, 367, 377

Enigma, see under that heading
error correcting, 407, 408
error detecting, 408
Hamming, 407, 408
ISBN, 407
mechanisation, 370
Rivest, Shamir and Adleman, 395-398
rotation, 324
Short Weather Cipher, 380, 387, 399
simple substitution, 320-324
compound interest, 96, 238
computation, plunging cost of, 173, 283
conversation, art of, 226
convoy
human cost, 36, 384
introduced, 26, 28, 31
losses reduced by Bletchley, 381
system in crisis, 382-387
theory of, 23, 25-29, 71-73, 79-84
time scales, 338
victory, 387-390
Waters’ study of, 83
Conway, J. H.
changes life, 410
exercises self-denial, 136
knows day of the week, 297
rare intuition, 503
crossword puzzles, why possible, 399

Darwin C., Origin of Species, 293, 435
death ray, 45
diagonal argument

Index

applied to reals, 307-309

applied to suite of programs, 310
in Turing’s theorem, 314-315
new mode of argument, 309

differential geometry, founded by Gauss
and Riemann, 151

dimensional analysis
atomic explosion, 133
bifilar pendulum, 122
flow in pipe, 121, 223
four-thirds rule, 191
helicopter, 120
rationale for, 116-118
ship designs, 124
simple pendulum, 120, 126, 174
water waves, 121
wind tunnels, 122, 124
diseases, see also epidemics
origins, 448-450
Donitz, K., 28, 32, 34, 37, 72, 73, 75,
381, 382
admits defeat, 387
anti-convoy tactics, 34-35, 385
possible weakness, 35, 388
strengths, 35
drug resistance, 435, 451
drunkard’s walk, 183-186

Einstein, A.
genesis of
general relativity, 150152
special relativity, 139, 141
mass energy equivalence, 44, 148
on relative motion, 139-141
photon theory, 128
splendid biography of, 153
unsatisfactory student, 149

Enigma, see also Bletchley and
plugboard

advantages, 331, 334
and the Poles
bomby, 337
females, 354-358
gift to Britain, 362
mathematical attack, 319
recover daily setting, 354-358
recover wiring, 348, 362
resources outstripped, 362
Zygalski sheets, 358, 362
and Typex, 342

Commercial, 340, 342
development
fourth rotor, 381
interchangeable rotors, 342
invented by Scherbius, 331-332
plugboard, 344-345
reflector added, 339
initial British failure, 333, 348, 362
intelligence used, 346
Italian, broken, 341, 346
Military, 344
mock
in bombe, 370
use of, 335-337
non-self-encipherment, weakness,
341-342, 344
operator weaknesses, 341, 345
represented algebraically, 338-340,
344, 348-352, 355-356
secrets partially revealed, 348
self-inverse, weakness, 341, 344, 371
slow rotors, fundamental weakness,
334-337, 341, 370
text setting
as separate problem, 377-378
German Army procedure, 347
Polish attack on, 354-358
problem, 346
three-rotor Primitive, 332, 333
epidemics
and Spanish conquest of New World,
444445
Black Death, 449
cholera, 3, 14
measles, 444, 448
polio, 445
progress of, 424, 437-443
smallpox, 446-448
start, 423
Euclid, Elements, 242, 452
evolution, Darwin’s theory of, 433
ex falso quod libet, 372

Falklands, naval battle, 38, 156
falling bodies
Einstein’s view, 150
Galileo’s view, 101-105, 149
Newton’s view, 153
Farr, W,, 5, 7, 14
FDA (Food and Drug Administration),
14
females and Enigma, 354-358
Fermat—Euler little theorem, 397
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Feynman, R. P, great expositor, 129, disease, 14-20, 122 law of large numbers, 401
154, 504 size governed by cost of blood, 224 Lebesgue, H., on mathematical teaching,
Fibonacci numbers Heisenberg’s inequality, 52 506
and Euclid’s algorithm, 254-257 highest common factor, see greatest length of curve, existence of
definition, 251 common divisor empirical studies, 208-214
origin, 250 historians, killjoy, routed, 104, 153, 190 von Koch curve, 215-218
properties, 251-254 how to Leonardo da Vinci
fighter interception, problems of, 4749 deal with cranks, 234 branching of blood vessels, 222
fishing and over fishing, 426433 do lots of things, 496, 499-500 fascinated by motion of water, 181
flood defences, 65 get things done (sometimes), 292-296  light
Foucault’s pendulum, 156 keep fraudulent accounts, 31 both wave and photon, 129
four-thirds rule, 181-192 make conversation, 226 composed of photons, 128
fractals, 221, 227 pronounce TgX, 501 electromagnetic wave, 128, 139
fundamental axiom Huff-duff, 385, 388 speed a constant, 139-141
and ‘divide and conquer’, 478 human desires, conflicting and not well Lindemann, F. A,, 46, 57, 74, 75, 84, 130
and induction, 477-478 defined, 94 linearisation, 74, 164, 178

associated proof technique, 470473
discussion, 469-470
used, 470474

ice age, 436

immunisation, 95, 437, 445-448
inclusion—exclusion formulae, 359
Galileo, G. induction and fundamental axiom,

on falling bodies, 101105, 149 477478
on infinity, 305-307 interest rates, 95-97, 431-432

on relative motion. 137-138 intuition, various kinds of, 503

ISBN, International Standard Book
Number, 407

ISIS trials, 17-20
isolation, and origin of species, 435-437

on size of structures, 105-106

pendulum, 126

truth not a matter of convention, 158
Galton, F,, surname problem, 413

Gap, Atlantic, 75-77, 388 Jack the Giant Killer, Haldane
Gauss, C. F, 152, 281 unimpressed by, 106
general good not good of each Jones, R. V., 56, 57
individual, 94, 241, 273, 432433 Jutland, naval battle, 38-40, 49
genetic change, 434-437
greatest common divisor, ged, 242 Kac, M,, 176
Greek alphabet, 508 Knuth, D. E.
Art of Computer Programming, 242,
Haldane, J. B. S., on scaling in biology, 276, 303, 505
106, 108 TEX, 304, 501

Halmos, P. R. three Knuth rule, 505

gem of book, 505 Koch, R., 14, 16

index of which this is a pale shadow, Kolmogorov, A. N., and the four-thirds

496 rule, 190-191

sage advice, 496 Kovalevskaya, S., 496-497

tombstone W, 244
Hamming code, 407410 Lanchester’s N-square Rule, 77
Harris, A., ‘Bomber’, 75, 76 language
Hausdorff dimension, 218 American, vivid, 47, 66, 389
heart highly redundant, 398400

as pump, 106 not just for communication, 399

beats per lifetime, 114 IATEX, see TEX

London Ambulance Service disaster,
300-301

Lorentz transformation
addition of velocities, 146
consequences, 145-148
derivation, 141-145
time dilation, 148
twin paradox, 157-158
Lorenz, E. N, and chaos, 227, 433
lungs, as fractals, 218, 221

Macduff, D., mathematical career,
488-492

maintenance problems, 89-92
Makelndex, 289
Mandelbrot, B., 220
marriage lemma of Philip Hall, 266
matrix inversion, perils of, 252
max flow, min cut theorem, 261
Maxwell, J. C.

electromagnetism and light, 128, 139

equations, 139, 140, 148

on relative motion, 139
menagerie, mathematical

angel fish, 394

bats, 54

bullfrogs, 361

butterflies, 137, 433

dodo, 96

elephants (and mice), 109-112

fish, 125, 426-429, 431432

fleas, 113

great auk, 28

gulls, 66
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lemmings, 97

mathematicians, 159

Microbe, 417

microbes, see epidemics

moths, 435

oysters, 96, 173

rabbits, 250

SHARK, 382, 387

sharks, 434

snakes, 109

squirrels, 113

whales, 113

Wrens, 378-380
merchant seamen, casualties, 384
Michelson A. A., and speed of light, 140
militaristic powers, categorisation, 201

military spending to reduce casualties,
202

morphogenesis, 392-394
mouse-to-elephant curve, 109-112, 221
Murray’s law, 221-225, 393

Nasrudin, Mullah, 480, 511
networks

Braess’s paradox, 268-275

Ford Fulkerson algorithm, 260-268
Newton, 1.

apple, 153

bucket, 155

complaint, 226
nowhere differentiable function, 178
number system

alternative, 235-237

choice of base, 234-235

flip-flap-flop, 237

Indian, 232-234

Roman, 231-232

obiter dicta
Besicovitch, A. S., 260
Bohr, N., 177
Dieudonne, J., 463
Einstein, A., 127
Erdés, P, 476
Knuth D. E,, 304
Poincare, H., 249
Russell, B., 234, 468
Swinnerton-Dyer, H. P, 244
Whitehead, A. N., 472, 495
one-to-one correspondence, 307-308

Index

operational research, 56
aircraft maintenance, 89
aircraft utilisation, 87, 92
balance of ship types, 73
bombing accuracy, 68-70
convoy size, 79-82
convoy speed, 74
depth charge setting, 67-68
in peacetime, 89, 93
preliminary questions, 66
submarine spotting, 64—66

outbreaks of war, absence of pattern,
203-206

Oxford, keeps barbarians at bay, 56

P-NP problem, 394

Pacific sardine, cautionary tale of,
430431

parsnips, float better than golf balls, 190
Pearson, K., 205
persuasion, art of, 294-296

physics and mathematics, differences
between, 176, 481

placebo, 15, 17
Plato
dialogue, 452-459
opinions, 486
plugboard
advantages, 344
beaten, 370-376
described, 344
perhaps not invulnerable, 349-352
Poincare, H., 210, 249, 495
population growth, 418, 426
predators
large, 107
small, 448

prediction problems, 47, 57-61, 65, 90,
433

professors, German, power of, 16

publishers, viii, 494

pyramid inch, 117

Pythagoras’s theorem, 460

queues, behaviour of, 422

radar
airborne, 49, 54, 365
British and German, 55
British development of, 45-55

multiple invention of, 55, 160
naval, 49, 52
needed, 44
proposed by Watson-Watt, 45
success helps hide other successes, 388
wavelength, 49-55
radio direction finding
ship based, 387, 388
shore based, 35, 385
railways
in war, 258-260
safety of, 298-299
redundancy, good and bad, 347, 398
Rejewski, M.
versus the plugboard, 348-352
works out Enigma wiring, 348, 352
relative motion
Galileo, 137-138
Maxwell, 139
relativity
as symbol, 154
books on, 153
general, 149-152
special
initial discussion, 139-141
mathematics of, see Lorentz
transformation
Reynolds number, 125, 135
Richardson, L. F.

deferred approach to the limit,
164-174

doubts existence of wind velocity,
177-180

four-thirds rule, 181-189

lengths of coasts and frontiers,
208-215

life, 159-163

looks back on life, 192

mathematical theory of arms races,
194-197

measures wind velocity, 177

number for curves, 217

numerical weather forecasting,
160-164, 433

scientific work conflicts with
conscience, 188

Statistics of Deadly Quarrels, 192,
198-208

studies under Pearson, 205

Richardson—-Kolmogorov cascades, 181,
190, 220, 221
rigour
students’ misleading idea of, 419
sufficient, 482-485
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why needed, 268, 481
Roosevelt, F. D., 76, 398
rotation, reality of, 154—157
rumours, progress of, 424-426
Rutherford, E., 33, 4244

scaling
climbing, 113
diving, 113
falling bodies, 104
Galileo on, 105-106
Haldane on, 106, 108
heartbeats per lifetime, 114
in biology, 105-114, 221-225
jumping, 113
metabolic rates, 109-112
size of structures, 105-106
self-steckered, 344
sex, why on earth?, 448
Shannon C. E.
and Turing, 368, 398
theorem
discussion, 400-402, 406410
precise statement, 405
proof, 402-406
strong version stated, 406
SHARK, 382, 387
Short Weather Cipher, 380, 387, 399
smallpox, conquest of, 446448
Snow, J., 4-14
Socrates
dialogue, 452-459
opinions, 486
SONAR, see ASDIC
square root of two, irrational, 464
staircase to extinction, 421
steckel, see plugboard
Stirling type formulae, 288, 290
submarine, see also convoy
between the wars, 33-35
in World War 1, 21-33
in World War 11, 36
Japan fails to master, 73
performance of, 21, 73, 125
post World War II, 73, 125, 391
versus aircraft, 33, 35, 62-74
surname problem, see also Watson
and bombe, 373
stated, 413
Swordfish torpedo-bomber, 50, 58

taxpayer US, money of, not wasted, 158
Taylor, G. L.
at Farnborough, 129-131
atomic explosion, 133
CQR anchor, 131-133
on four-thirds rule, 191
on Richardson, 187
photon experiment, 127-129
swimming micro-organisms, 135
TEX, 304-305, 501
Thompson, D’Arcy W., on
morphogenesis, 393
time, as healer, 206
Tizard, H.
angle, 48
at Farnborough, 130
committee, 45, 47, 57
disagreements with Lindemann, 46,
57, 84
farseeing, 49, 86
mission to U. S,, 55
operational research, 56
trapezium rule
discussed, 166-171
stated, 167
travelling salesman problem, 395

tree, as Richardson—Kolmogorov
cascade, 220

turbulence, 181
four-thirds rule, 181-192
Turing, A. M.
and Shannon, 368, 398
bombe, 367
and Polish bomby, 337, 367, 370
and surname problem, 373, 413
as physical object, 372, 378-380
four-rotor, 382
in short supply, 382
menus, 372-375

problem of the fourth rotor, 382,
387

why possible, 370-376
work of many people, 370
can machines think?, 391, 398

character, 368-370
homosexuality, 391
on morphogenesis, 392-394
splendid biography of, 391
theorem

background, 303, 310-312

discussion, 394
proof, 312-316
twin paradox, 157-158
two and two, make four, 465

U-boat, see submarine

velocity, meaning of, 177-180
viscosity, 121, 135, 190, 223
von Koch snowflake, 215-218
von Neumann, J.
demi-god, 498
numerical meteorology, 163
problem solved by MacDuff, 488

Waddington, C. H., 64, 394, 489
Watson, H. W.
attacks surname problem, 413-417
paradox
African Eve, 418
for surnames, 418

possible engine for evolution,
435-437

queues, 423
stated, 417
staircases, 420-422
theorem, 416
epidemics, 423, 437
gap in proof, 419-422
genetic change, 434437
queues, 422
Watson-Watt, R. A., 45, 56
weights and measures, British
divine origin, 117
in all their glory, 237-241
Welchman, G., 335, 358, 364, 366, 370
Wilkins, A. F, 45
wind tunnels, 122, 124
wisdom, not teachable, 487
Wrens at Bletchley, 378-380
wrong envelope problem, 358

x, Joy of, viii
Yahoody the Impossible, 66
zero, great invention, 232, 233

Zimmermann Telegram, 23, 331, 333
Zygalski sheets, 358, 362, 363
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