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Absolute zero, 212, 286
Absorption, wave, 318
Accelerated reference frames,
140-143
Acceleration, 30-35
centripetal, 139
direction, 31-32
gravitational, 33, 35
lunar, 35
units, 31
Air bags, automobile, 113
Air resistance force, 137-138
Alpha decay, 496
Alpha radiation, 493
Alternating current, 479-480
Ammeters, 443
Ampere (unit), 443
Amplitude, 306
loudness and, 341
Angle of incidence, 315, 317
Angle of reflection, 315
Angle of refraction, 317
Antineutrino, 498
Antinodes, 322
Aristotle, 175
Art and beta decay, 499
Atomic mass unit, 492
Atomic number, 491
Atomic structure, 162-164, 409-413
Atoms
constituents, 164
magnetism and, 474
quantum mechanical model,
418-424
structure, 162-164, 409-413
thermal energy and, 281-294
Automobile, 260, 262
Avicenna, 175, 176

Background radiation, thermal, 357
Battery, 440

Becquerel, Henri, 488, 492

Beta decay, 497-499

Beta radiation, 493
Big bang model, 157
Binding energy, 514-517
curve, 515
Blackouts, electrical, 458
Blakelock, R. A., 499
Bohr, Niels, 163, 401, 410, 527
Bohr’s model of the atom, 163,
410-413
Boiling, 222
Born, Max, 435
Breakeven
scientific, 529
thermodynamic, 530
Breeder reactor, 522
Bronowski, Jacob (quote), 400, 464
Brownian motion, 296
Brownout, electrical, 458
Buoyant force, 235

Calorie (unit), 182
Carbon dating, 505
Carnot, Sadi, 272
Carnot efficiency, 272
Causality and the speed of light, 77,
83-84

Celsius temperature scale, 211
Centimeter (unit), 538
Centrifugal effect, 142
Centripetal force, 139
Chain reaction, 520-521
Change and interaction, 87
Change of state, 221-228
Charge, electrical, 160
Chemical potential energy, 197
Circuits

closed, 442

electrical, 440-457

open, 442

parallel, 454-457

series, 450-454
Clock synchronization, 64-66
Closed system, 95

Coherent light, 414-415
Collisions, 92, 97, 100-102
Conduction, thermal, 238-246, 289
Conductors
electrical, 442
thermal, 239
Conservation
of energy, 190-194
logic, 94-96, 498
of momentum, 96-102
of nucleons, 494
principles, 95
Convection, 234-238, 288
Coordinate system, 6-9
rectangular, 9
Coulomb (unit), 160
Coulomb, Charles, 161
Coulomb’s law, 161
Critical mass, 521
Curie, Irene, 531
Curie, Marie, 492, 501, 531
Curie, Pierre, 492
Current, electrical, 441-443, 456
alternating, 479-480
direction of, 471

Davy, Humphry, 232
De Broglie, Louis, 396
De Broglie waves, 396-397, 420
Diffraction, 376-381
electron, 397-398
light, 377-381
resolution and, 379-380
water, 376-377
Direction, reference, 4
Displacement, 12
Distance, 11
Doppler effect, 312
light, 355-357
sound, 346-348
Doppler shift, 313, 355-357
Doubling time, 298
Duality, particle-wave, 400-401
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Echo, 342
Efficiency, 270-272, 275
Carnot, 271
energy, 271
second law, 275
Einstein, Albert, 59, 60, 62, 392,
435, 527
Elastic potential energy, 197
Electrical
charge, 160
circuit, 440-457
conductor, 442
energy, 448
forces, 159-164
insulator, 442
interaction, 159-164
potential difference, 441
potential energy, 159-164
power, 448
resistance, 444-447
Electric field, 482
Electricity and magnetism, 470-483
Electromagnet, 472
Electromagnetic
induction, 476-479
spectrum, 338
waves, 348-357
Electromagnetism, 482
Electron, 163
Electron diffraction, 397-398
Electron microscope, 399-401
Elsewhere, 83-84
Emission spectra, 407
Energy, 180-277
binding, 514-517
chemical potential, 197
conservation of, 190-194
elastic potential, 197
electrical, 448
electrical potential, 197
forms of, 195
gravitational potential, 185-189
kinetic, 189-191
mass equivalence, 198, 495
nonrenewable sources, 299
nuclear potential, 197
of position, 184-189
receiver, 181
relativistic, 198
renewable sources, 299
source, 181
temperature and kinetic, 285

thermal, 196-197, 209
useful, 259
wave, 198, 303-305
work, 181-184
Energy-level diagram, 411-412
Engine
heat, 257-259
internal combustion, 262
Entropy, 264-270, 290-293
and chance, 291
and the future of the universe, 276
and probability, 290
Equilibrium, 136
Escher, M. C., 269, 401
Evaporation, 226, 228
Exchange particle, 168
Excited state, 412
Exhaust, thermal, 259
Exponential growth, 298

Fahrenheit temperature scale, 212
Faraday, Michael, 469, 477
Faraday'’s law, 477
Fermi, Enrico, 500, 527
Fictitious force, 141-142
Field
electric, 482
magnetic, 466-467, 470-473
Fireplaces, 237-238
First law of thermodynamics,
257-263
Fission, nuclear, 518-525
Fission reactor, 521-525
breeder, 522
Focal point, 342
Force, 107-152
adding, 120-124
air resistance, 137-138
buoyant, 235
centrifugal, 142
centripetal, 139
definition, 114
electrical, 159-164
equilibrium, 136
exchange, 166-168
fictitious, 141-142
frictional, 118, 165
gravitational, 116-117, 137
identifying, 119
magnetic, 467
momentum change and, 110-117
net, 122

nuclear, 164
reaction, 143-146
restoring, 282
strong nuclear, 164, 166
weak nuclear, 166
Frame of reference. See reference
frame
Franklin, Benjamin, 161, 247, 439
Frequency, 306
fundamental, 324
natural, 325
pitch and, 341
Friction, 118, 165
electrical charge and, 165
kinetic, 118
static, 118
Fundamental force, 153
and exchange particles, 168
Fundamental frequency, 324
Fundamental interactions, 153-170
Fuse, 458
Fusion, nuclear, 525-531
Fusion reactor, 527-531
break-even, 529-530
laser-induced, 528
magnetic confinement, 528

Galileo, 134, 176

Gamma decay, 500-503

Gamma radiation, 493

Gamow, George (quote), 58

Gases, 283

Generator, electrical, 479

Gravitational interaction, 154-158

Gravitational potential energy,
185-189

Ground, electrical, 441

Ground state, 412

Hahn, Otto, 527

Half-life, 503-507

Harmonic series, 324

Heat, 209-210
capacity, specific, 213-221, 286
engine, 257-259
latent, fusion, 222-226, 284
latent, vaporization, 222-226, 284
pump, 274

Heisenberg, Werner, 426

Heisenberg uncertainty principle,

426-428
Hertz (unit), 307
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Hertz, Heinrich, 336
Hologram, 374
Holography, 373-377
Hypotenuse, 14

Illusions of motion, 46-47
Inertia, 133-134, 176

Insulator
electrical, 442
thermal, 239

Interaction, 86-102, 118, 153-170
at a distance, 118, 166-169
change and, 87
electrical, 159-164
electromagnetic, 158-164
frictional, 118, 165
fundamental, 153-170
gravitational, 154-158
magnetic, 465-466
momentum and, 86-102
nuclear, 164-166
strong nuclear, 164-165
unified theory, 169-170
weak nuclear, 165

Interference, 318-320, 364-377
acoustics and, 376
bands, 367
colors, 371
constructive, 320
destructive, 320
light, 364-375
particles, 397
sound, 376
two-slit, 364
water waves, 366, 368
waves, 318-320

Internal combustion engine, 262

Isotope, 491

Joule (unit), 182
Joule, James, 232

Kelvin temperature scale, 212, 286
Kilogram (unit), 89-90

Kilometer (unit), 540

Kinetic energy, 189-191

Laser, 414-418

helium-neon, 416-418
Latent heat

of fusion, 222-226, 284

of vaporization, 222-226, 284
Laws of motion, history, 175-177

Laws of thermodynamics
first, 257-270
second, 263-270, 290-293
Length contraction, 72-76
Lepton, 169
Light
coherent, 414-415
dispersion, 352
interference, 364-377
particle model of, 363, 381
reflection, 350
refraction, 351
speed of, 59-61, 77, 83-84, 349
wave model of, 363, 381
Lightning, 439
Liquids, 283
Loudness, 341

Magnetic domains, 468-469
Magnetic field, 466-467, 470-473
earth’s, 467
Magnetic poles, 465
Magnetism, 465-484
atomic basis, 474
and electricity, 470-476
Magnets, 468
Mass, 89-90
atomic units, 492
critical, 521
defect, 514
interaction and, 125
number, 491
relativistic, 125
rest, 125
Mass-energy equivalence, 198-199,
495
Matter, states of, 207-208, 283
Matter wave, 398
Maxwell, James Clerk, 297, 464, 482
Maxwell’s demon, 297
Maxwell’s theory of electromagnetism,
482
Medium, 304
Meitner, Lisa, 527
Melting, 222
Mesons, 168
Meter (unit), 538
Metric system, 538
Michelson, Albert, 60
Michelson-Morley experiment, 60-61
Microscope, electron, 398-400
Microwave ovens, 354
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Mirage, 353

Mirrors, 351

Molecules and thermal energy,

281-294

Momentum, 90-102
conservation of, 96-102
definition, 91
and interaction, 90-92

Morley, Edward, 60

Motion, perpetual, 261, 271

Motor, electrical, 475

Muon, 66

Music, 344-346

Musical instruments, 345

Natural frequency, 323
Net force, 122
Neutrino, 498, 500
Neutron, 164
Newton (unit), 108
Newton, [saac, 154, 176
Newton’s law of universal gravitation,
155-158
Newton’s laws of motion, 122,
133-148
first, 133-136
second, 122, 136-140
third, 143-146
Nodes, 322
Nonrenewable energy sources, 299
Nonspontaneous processes, 264
Nuclear
bomb, 521, 527
decay, 496-508
fission, 518-525
fusion, 517, 520-522
reaction, 517, 520-522
reactor, 521-525, 527-531
strong interaction, 164
transformations, 494-495
weak interaction, 166
Nucleon, 164, 490
Nucleus, 163, 489-492
composition, 490-492
isotopes, 491
structure, 489

Object, reference, 4

Oersted, Hans Christian, 464, 470
Ohm (unit), 445

Ohm’s law, 445

Origin, 7
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Parallel circuit, 454-457
Particle-wave duality, 400-401
Perpetual motion, 261, 271
Philoponus, 175
Photoelectric
cell, 393
effect, 389-394
Photography, analyzing motion
with, 35
Photon, 168, 391-393
Piaget, Jean, 94
Picasso, Pablo, 132
Pi-meson, 168
Pion, 168
Pitch, 341-342
Planck, Max, 392
Planck’s constant, 392
Plasma, 528
Potential difference, 441
Potential energy, 184-188, 197-198
chemical, 197
elastic, 197
electrical, 197
gravitational, 184-188
nuclear, 197
Power, electrical, 448
Powers of ten notation, 541-542
Pressure, 109-110
Priestley, Joseph, 161
Probability and entropy, 291-293
Probability cloud, 423
Proton, 164
Pythagorean theorem, 14

Quantization of energy, 393

Quantum, 393

Quantum mechanical model of the
atom, 419-424

Quantum mechanics, 421-428

Quarks, 169

Radar, police, 356
Radiation, nuclear, 493
biological effects, 531
Radiation, thermal background, 357
Radiation /absorption, thermal,
246-249, 289
Radioactive
dating, 505
decay series, 506
isotopes, 503

Radioactivity, 492
Reaction, nuclear
binding energy and, 517
breeder, 522
chain, 520-521
Rectangular coordinate system, 9
Red shift, 355-357
Reference directions, 4
Reference frame, 5-6, 43-47
accelerated, 140-143
moving, 43-47
Reference objects, 3
Reflection, 314
Refraction, 316
Refrigerator, 224-225, 262-263
Relative
motion, 43-52
position, 3-6
speed, 47-51, 59-60
velocity, 47-51
Relativity
principle of, 51-52
special theory of, 58-84
Resistance
electrical, 444-447, 452, 457
thermal. See R-value
Resistivity, thermal, 239, 289
Resolution, 380
Resonance, 323-324
Right-hand rule, 471, 474
Rutherford, Ernest, 162, 410
Rutherford’s atom, 162-164, 410
R-value, 241-242

Satellites, 154-155

Scalar, 13, 17

Scale, spring, 108

Schrédinger, Erwin, 435

Seat belts, 134-135

Second law efficiency, 275

Second law of thermodynamics,

263-270, 290-293

Series circuit, 450-454

Simultaneity, 64-66

Societal values and science, 300

Solar collector, 249-250

Solar heating, 216

Solids, 283

Sound, 340-348

Space-time, 83-84

Special theory of relativity, 58-84
postulates, 61-62

Specific heat capacity, 213-221, 286
and molecular motion, 286
Spectrum
absorption, 409
atomic, 406-410
continuous, 407
discrete, 407
electromagnetic, 338
emission, 407
line, 355
mechanical wave, 335
wave, 334
Speed, 24-25, 27-30, 59-60
average, 27
instantaneous, 27-30
relative, high speed, 59-60, 62-64
relative, low speed, 47-51
wave, 308
Speed of light, 59-61, 77, 83-84, |
349
and causality, 77, 83-84 |
fastest speed, 77 1
Spontaneous process, 264
Spring scale, 108
Standing waves, 321-325, 344-345,
354
circular, 420
States, change of, 221-228, 283-284
States of matter, 207-208
Stimulated emission, 415
Strassman, Fritz, 527
Strong nuclear interaction, 164, 166
Superposition, 320
Synchronization, 64-66
System, 96
closed, 96
coordinate, 6-9
rectangular coordinate, 9
Systems of measurement, 538-540
Szilard, Leo, 527

Tacoma Narrows Bridge, 323
Tail-to-tip method, 15
Temperature, 209-212
kinetic energy and, 285
measurement, 210-212
Thermal conduction, 238-246, 289
equation, 243-244
Thermal energy, 196-197, 198,
206-294
atoms and, 281-299
change of state and, 221-228 ‘



change of temperature and,
213-221
heat and, 210
molecules and, 281-291
transfer of, 216-219, 226, 227,
233-251
Thermal exhaust, 259
Thermodynamics, 256-276
first law, 257-263
second law, 263-270, 290-293
Thermometer, 210
Thought experiment, 62
Tides, 173
Time dilation, 66-71
Transformer, 480-481
Transverse waves, 305
Twin paradox, 72

Uncertainty principle, 426-428

Unified theory of interactions,
169-170

Universal law of gravitation, 155-156

Universe, expanding, 355-356

Vacuum, motion in, 175-177
Vector, 13-17
Velocity, 25-26
average, 27
instantaneous, 27-30
interactions and, 88
relative, high speed, 62-64
relative, low speed, 47-51
Vision, quantum effects, 394-395
Volt (unit), 441
Voltage, 440-441

Watt (unit), 448
Wave
packet, 422
receiver, 337-340
spectrum, 334
Wavelength, 306
Wave-particle duality, 400-401
Waves, 302-382
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in the earth, 309-311
electromagnetic, 336-337,
348-357
longitudinal, 305
matter, 398
mechanical, 334-335
particle, 398
probability, 421
sound, 340-348
speed of, 308
standing, 321-322, 344-346, 354
transverse, 305
Weak nuclear interaction, 166
Weight, 118
Work, 181-184
W-particle, 168

X-ray diffraction, 398

Young, Thomas, 364
Young'’s double slit experiment, 364
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