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Absolute deviation, 26

Absolute error, 25

Absolute zero of temperature, 168-169

Absorption, selective, 374

A-c, see Alternating current

Acceleration, angular, 102-104; centripetal,
95-96; defined, 48; equation for, 49, 52; of
freely-falling bodies, 54-55; law of, 58-61;
problem-solving, 49; uniform and
variable, 49-52

Accelerator(s), see Particle accelerator(s)

Accuracy, defined, 25; and precision, 26

Achromatic lens, 360

Adhesion, defined, 146; in liquids, 152

Adiabatic expansion, of gases, 204

Adiabatic process, defined, 202

Air, ionized, 398; specific heat of, 205; speed
of light in, 305-306

Air track, 133

Alhazen, and light refraction, 281

Alkaline-manganese cell, 420

Alnico, 466

Alpha decay, 604

Alpha particles, 590-591, 602

Alternating current, definition, 502;
measurement of, 525-541

Alternating current circuit, capacitance in,
535-540; inductance in, 529-531; power
in, 525-526

Alternating current generators, 501-505

Alternating current motors, 512-513

Alternating current power, 502

Ammeter, direct-current, 485-486

Ammonia, specific heat of, 205

Amorphous solids, 145

Ampere, 411; defined, 478

Ampere, André Marie, and electric current,
411; and electromagnetism, 477-479

Ampere’s rule, 479; for solenoid, 481

Amplitude, wave, 231-232

Angle of incidence, 235

Angle of reflection, 235

Angle of refraction, defined, 334-335
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Angstrom, 142

Angstrém, Anders, 142

Angular acceleration, 102-104

Angular aperture, of mirror, 321

Angular impulse, 136-137

Angular momentum, 136-137

Angular momentum quantum number, 625

Angular velocity, defined, 102

Anode, defined, 419

Antifreeze, 156

Antimatter, defined, 643

Antinodal lines, 245

Aperture, of mirror, 320-321

Arc tangent, 534

Arctan, 534

Area expansion, coefficient of, 172-173

Aristotle, theory of matter, 142

Armature, 499

Astigmatic lenses, 346

Atmospheric refraction, 337

Atmospheric scattering, 377

Atom(s), Bohr model of, 295-298, 623-624;
defined, 143; described, 142-143;
magnetic properties of, 466-469; mass of,
143; quantized, 295-298; see also Electron;
Matter; Molecule(s); Proton; Specific
atoms; Subatomic particles

Atomic mass unit, defined, 143

Atomic nucleus, discovery of, 590-592; see also
Neutron; Proton

Atomic number, 592-593; defined, 593

Atomic theory of matter, 141-142

Audibility, lower and upper limits of, 259

Audio spectrum, 253

Audion, 556

Average speed, 42-43

Avogadro, Amedeo, and universal gas
constant, 179

Back-emf of motor, 511-512; defined, 511
Balmer series, 296

Baryons, 641, 645

Basic equation, 35-36
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Battery, 420-423; defined, 420; see also Dry
cell(s); Electric circuit(s)

Beam, light, 304

Beats, sound, 275-277

Becquerel, 606

Becquerel, Henri, and radioactivity, 600-601

Bell, Alexander Graham, and telephone, 252

Bernoulli’s principle, 162-163

Beta decay, 604

Beta particles, 602

Betatron, 632

Bethe, Hans, and nuclear fusion theory, 610

Bevatron, 633; see also Synchrotron

Binocular, 352-353

“Black hole,” 592

Blackbody radiation, 228, 356

Bohr, Niels, 5; and quantum theory, 295,
623—-624

Boiling, 161-162; defined, 161; of water, 191

Boiling point, 161, 192

Bosons, 641

Boyle, Robert, and gas volume-pressure
relationship, 176-178

Boyle’s Law, 176-179

Breeder reactor, 615-616

Bright line spectra, 296

Brown, Robert, and Brownian movement, 151

Brownian movement, 151-152

Browns Ferry Nuclear Plant, 617

Brush (corona) discharge, 398-399

Bubble chambers, 638—639

Bullet, path of, 93-94

Bundle of rays, 345

Bunsen photometer, 312

Buoyant force, 162

CAT scan, 3

Calcite, double refraction in, 375

Caloric, 12-13

Calorie, defined, 170

Candela, 21; defined, 307

Cannon-boring experiment, 13

Capacitance, 400-403; in alternating circuit,
535-540; defined, 400; and resistance,
537-540

Capacitive reactance, 537-540; and frequency,
545
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Capacitor(s), 399-401; combinations of, 405-
407; defined, 400; rate of discharge of,
410-413; two-gang variable, 349

Capillarity, defined, 154

Carbon atom, 589

Carbon dioxide, specific heat of, 205

Carbon resistors, 424

Carbon-14 dating, 621

Carbon-zinc cell, 419-420

Cathode(s), defined, 419; directly and
indirectly heated, 557-558

Cathode ray(s), 582-584

Cathode-ray tube, 561-563

Cavendish, Henry, gravitation experiment,
64—-65

Celi(s), alkaline-manganese, 420; carbon-zinc,
419-420; dry, 419-423; electrochemical,
418-419; electrolytic, 458-459; photocells,
578; piezoelectric, 418; solar, 577; voltaic,
419

Celsius, Anders, and Celsius scale, 168

Celsius temperature scale, 167-169

Celsius thermometer, 169

Center of curvature, of mirror, 320

Center of gravity,.85-86; defined, 86

Centrifugal force, defined, 99

Centrifuge, 99-100

Centripetal acceleration, 95-96; defined, 95

Centripetal force, 96

Chadwick, James, and neutron, 593-594

Chain reaction, see Nuclear chain reaction

Charge(s), electric, 380-392; electron, 586-588

Charles, Jacques, and behavior of gases, 3,
175

Charles’ law, 3, 175-176, 178-179

Chemical change, defined, 603

Chemical equivalent, defined, 462

Chemistry, defined, 15

Chromatic aberration, 359-360; defined, 359

Circle, area of, 347; radius of, 102

Circuits, see Electric circuits

Circular accelerators, 631-634

Circular motion, 93-100

Circular wave, 223, 234; reflection of, 236-237

Clausius, Rudolf, and second law of
thermodynamics, 208

Closed-loop conducting path, 413-414

Cloud chamber, 637-638




736

Cockcroft, J. D., and bombardment of
lithium, 607

Coefficient of area expansion, 172-173;
defined, 172

Coefficient of cubic expansion, defined, 173

Coefficient of linear expansion, 171-172;
defined, 171

Coefficient of sliding friction, defined, 81

Coherent waves, 298

Cohesion, defined, 146; in liquids, 152

Collision(s), elastic, 134-136; inelastic, 132—
134; in one dimension, 133-134; in two
dimensions, 134-136

Color(s), complimentary, 357-358; elementary,
358; of light, 355-356; of objects, 356-357;
primary, 358-359; structural, 378

Colorimeter, 185

Common-base amplifiers, 571-572

Complimentary colors, 357-358; defined, 358

Compound microscope, 351-352

Compound motor, 512

Compound-wound direct current generator,
507-509

Compression pulse, 226

Compton, K. T., and photoelectric emission,
291

Computer(s), uses, 2-3

Computer chip, 2

Computerized axial tomography (CAT) scan, 3

Computer-assisted instruction, 3

Concave mirror, 318; images formed by, 324-
325

Concurrent forces, 71-74; defined, 72

Condensation, 160-161, 194-195; defined, 160

Conditions, defined, 9

Conductor(s), 384-385; defined, 384;
electrically charged, 396-398

Conjugate points, 324

Conservation of angular momentum, law of,
137

Conservation of energy, 12-13, 201-202

Conservation of momentum, law of, 132

Conservative forces, 129

Constant pressure, gas expansion at, 202-204

Constant speed, 42-43

Constant velocity, 44

Constructive interference, 244
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Continuous wave, 223, 225

Control grid, 559

Converging lenses, 341, 343; image formed
by, 347-349

Converging mirrors, see Concave mirrors

Convex mirror, 318; images formed by, 325-
326

Cormack, Allan M., and CAT scan, 3

Corona (brush) discharge, 398-399

Corpuscular (particle) theory of light, 281-283

Cosmic ray(s), 611

Cosmic ray tracks, 640

Coulomb, 21; defined, 478

Coulomb, Charles Augustin de, and
electrostatics, 388

Coulomb’s law of electrostatics, 388

Coulomb’s law of magnetism, 470

Couple, defined, 89

Crewe, Albert, and photos of atoms, 143

Critical angle, defined, 339

Critical mass, defined, 614

Critical pressure, 195

Critical temperature, 195

Crookes, William, and discovery of electron,
583-584

Cryogenics, 438

Crystal diodes, 565-566

Crystalline solids, 144, 145-146; melting and
freezing of, 154-155

Cubic expansion, coefficient of, 173

Curie, defined, 606

Curie, Marie and Pierre, and radioactivity,
601

Curie point, 468

Current, see Electric current

Current density, 436

Current loop, and magnetic field, 480-481

Current sensitivity, 482

Curved mirrors, 319-321

Cutoff bias, defined, 559

Cutoff potential, 290-291

Cycle, heat-engine, 207-208

Cyclotron, 631-632

Dalton, John, atomic theory of, 142
Damping, defined, 232
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Data, use in problem solving, 29-32

de Broglie, Louis, and wave-particle theory,
297, 629

De Forest, Lee, and vacuum tube, 556

De Magnete (William Gilbert), 474

Decay constant, 605-606

Decibel, 258

Decimal clock, 24

Declination (variation), 474

Dee, 631-632

Democritus, atomic concept of matter,
141-142

Derived units of measurement, 21

Destructive interference, 244

Detectors, low-energy, 636-638

Deviation, absolute and relative, 26

Dew point, 160

Diamagnetism, 466

Dichroism, 374

Dielectric constants, defined, 402

Dielectric materials, 401-403

Dielectric strengths, 404

Dielectrics, effect of, 403-404

Diesel engines, 215

Diffraction, defined, 367; of light, 280, 366—
367; measuring wavelength by, 367-370;
single slit, 370-371; wave, 241-242

Diffraction grating, 367

Diffusion, defined, 146; in gases, 158; in
liquids, 151-152; in solids, 146

Diffusion cloud chamber, 638

Dimensional analysis, 36

Diode, 555, 556; characteristics of, 558—559;
crystal, 565-566; P-N junction, 568-569

Dipoles, 403, 467

Direct current, and alternating current powers
compared, 526; sources of, 410-423

Direct-current ammeter, 485-486

Direct-current circuits, Ohm'’s law for, 424-
426

Direct-current generator, 505-509

Direct-current motors, 511-512

Direct-current voltmeter, 484485

Direct proportion, 32

Dispersion, light, 355-360

Dispersive medium, 230

Displacement, 40-41; defined, 40
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Dissipative forces, 129

Distillation, 192

Diverging lenses, 342, 344-345; images
formed by, 349

Diverging mirrors, see Convex mirrors

Dollond; John, and chromatic aberration, 359

Domain theory of magnetism, 466469

Doppler, Christian Johann, and change of
pitch, 261

Doppler effect, 261-264; defined, 261

Double refraction, 375

Double-slit interference, 362-364

Drift tubes, 634-635

Drift velocity, 413

Ductility, 146-147

Drag, 163

Dry cell, 419-420; in battery, 420-423

Dynamic converters, 415

Ear, human, audibility range of, 259

Earth, determining mass of, 65-66;
gravitational field of, 67, 474;
magnetosphere of, 475-476

Eddy currents, 522

Edison, Thomas, 526, 555

Edison effect, 555-556

Effective value of alternating current, 526-529;
defined, 527

Efficiency, defined, 119

Einstein, Albert, mass-energy equation, 14;
photoelectric equation, 294-295; quantum
theory, 294; as theoretical scientist, 4

Elastic collision, 134-136

Elastic limit, 147-148; defined, 147

Elastic medium, 224

Elastic potential energy, 11, 128

Elasticity, 147-148; defined, 147

Electric charge(s), 380-392; conductors and
insulators of, 384-385; distribution of,
395-397; force between, 388-390; and
magnetic field, 477-480; positive and
negative, 381; residual, 387-388; transfer
of, 385-387

Electric circuit(s), 413-414; alternating current,
direct current, 624-626; power in, 452~
454; series, 424-429 symbols used in
diagrams, 414
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Electric current, alternating, 502; continuous,
413-419; defined, 411; energy of, 448-449;
heating effect of, 448-456; and
magnetism, 476-477; sources of
continuous, 415-419; transient, 413

Electric dipole moment, 403

Electric discharge, rate of, 410-413

Electric energy, purchase of, 454-456

Electric field, 390-392; defined, 390

Electric field intensity, defined, 392

Electric generator, 499-500; defined, 499

Electric line of force, defined, 391

Electric potential, 394-395

Electric resistance, defined, 413

Electricity, static, 380; and structure of matter,
382-383

Electrification, defined, 380

Electrochemical cell, 418-419

Electrochemical equivalent, defined, 461

Electrodynamometer, 529

Electrolysis, 458-463; defined, 459; Faraday’s
laws of, 460-463

Electrolytic cell, 458-459

Electrolyte, defined, 412

Electromagnet, 481

Electromagnetic deflection, 563

Electromagnetic induction, 415; discovery of,
490; Faraday’s experiments, 490-492

Electromagnetic interactions, between
particles, 644

Electromagnetic spectrum, 287-288

Electromagnetic theory of light, 285-287

Electromagnetic waves, 223; defined, 286

Electromagnetism, 476-487

Electron(s), charge on, 586-588; discovery of,
582-583; free, 384-385; measuring mass
of, 584-586; motions of, 589; orbital of,
589; size of, 588-589; transfer, 383; wave-
particle nature of, 588-589, 628-629

Electron cloud, 589

Electron configuration of light elements, 627-
628

Electron gas, 384-385

Electron microscope, 586

Electron shells, 589

Electron volt, defined, 597

Electronic bubble chambers, 639

Electronics, defined, 554
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Electroplating, 459-460

Electroscope, 380, 383-384, 636; charging of,
386-387

Electrostatic charges, transfer of, 385-387

Electrostatic deflection, 562-563

Electrostatics, basic law of, 381

Element(s), 142—143; electron configuration of
light, 627-628

Elementary colors, 358

Elongation strain, defined, 148

Elsasser, Walter M., and earth’s magnetic
field, 475

Emf, back, 511-512; defined, 419; induced,
490, 492-496

Endothermic process, defined, 184

Energy, conservation of, 12-13, 128-129,
201-202; defined, 10; elastic potential,
128; of electric current, 448-449;
gravitational potential, 124-125; and
human senses, 10; internal, 200;
ionization, 628; kinetic, 11-12, 125-127;
and matter, 13-15; mechanical, 128-129;
nuclear, 613-621; potential, 11; sources
of, 1-2; thermal, 166-167; transfer of,
222-224. transformation of, 12-13; use of,
1-2; wave, 231-232

Engine(s), combustion, 213-215; diesel, 215;
gasoline, 213-215; heat, 207-208; jet,
216-218; ramjet, 217-218; rocket, 218-219;
steam, 211-212; turbojet, 217-218

Entropy, 209-211; defined, 209; law of, 210

Equations, basic, 35-36; use in problem
solving, 31-32; working, 35-36

Equilibrant force, 74-75

Equilibrium, defined, 74; translational and
rotational, 86-88

Equilibrium vapor pressure, 191-192; defined,
159-161

Equivalent resistance, 430-431

Error, absolute and relative, 25

Evaporation, 159

Exciter, 503

Exclusion principle, 626, 627

Exothermic process, defined, 184

Expansion, see Thermal expansion

Experiment(s), thought, 57-58

Exponential notation, 28-29

External combustion engine, 213
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Fahrenheit, Gabriel, and temperature scale,
169

Farad, defined, 401

Faraday, defined, 462

Faraday, Michael, and distribution of charges,
395-397; and electrolysis, 460; and
electromagnetic induction, 490-493; and
electromagnetic waves, 285-286; ice-pail
experiment, 396-397

Fermi, Enrico, and neutron bombardment, 613

Ferrites, 468—469

Ferromagnetic materials, 465-466

Ferromagnetism, 466

Feynman, Richard, and subatomic particles,
643, 647

Feynman diagram, 643

Field, concept of, 68; electric, 390-392; see also
Magnetic field.

Filament cathodes, 557

Films, liquid, 152-154; thin, 364-366

First law of photoelectric emission, 289-290

First law of reflection, 317

First law of thermodynamics, 201-202

Fission, see Nuclear fission

Fleming, ]. A., and diode, 556

Fleming valve, 556

Fluids, 144; buoyant force of, 162; in motion,
162-164; viscosity of, 152; see also Liquid(s)

Fluorescence, and radiation, 600-601

Focal length, of lens, 345; of mirror, 320

Focal plane, 321-322; of lens, 345

Focus, light, 304; real, 343-344; virtual, 344

Force(s), between electrostatic charges,
388-390; between molecules, 144-145;
centrifugal, 99; centripetal, 96; concurrent,
71-74; conservative and dissipative, 129;
coupled, 89; defined, 56; described, 70—
71; equation for, 59; equilibrant, 74-75;
friction, 80-82; gravitational, 76-77;
parallel, 85-89; resolution of, 76-78;
resultant, 72; standard unit of, 23; Van
der Waals, 144; and weight, 23; see also
Work

Force constant, 128

Force fields, concept of, 68

Force vectors, 71-74; components of, 76-77

Forced vibrations, 271-272

Force-mass relation, 59-60
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Foucault, Jean, and wave theory of light, 283

Fractional distillation, 192

Frame, of reference, 99-100; defined, 99

Franklin, Benjamin, lightning rods, 399

Free electrons, 384-385

Freely falling bodies, 54-55

Freezing, of water, 191

Freezing point, defined, 154; effect of pressure
on, 156-157; effect of solutes on, 157

Frequency, alternating current or voltage,
defined, 504; and capacitive reactance,
545; and inductive reactance, 544-545;
sound, 260-261; wave, 229-230

Frequency of current, defined, 504

Frequency of vibration, 110

Fresnel, A. ]., and interference of light waves,
367

Friction, changing of, 81; coefficients of, 81;
defined, 79; measuring of, 80-81; nature
of, 79-80; sliding, 81; starting, 81

Fundamental particles, 641-643

Fundamental tone, 266-267; defined, 266

Fusion, heat of, 189-191; see Melting; see also
Nuclear fusion

Galileo Galilei, 5; and acceleration, 49-50; and
inertia, 57-58; and pendulum motion, 111

Galvanometer, 416, 481-484; converting to
ammeter, 485-486; converting to
voltmeter, 484485

Galvanoscope, 481

Gamma rays, 288, 602-603

Gas(es), condensation of, 194-195; diffusion
in, 158; expansion of, 157, 202-205;
molecular forces in, 144-145; nature of,
157-158; plasmas, 161; pressure of, 157,
159-161; pressure-volume relationship,
176-178; specific heat of, 205; thermal
expansion of, 175-180; vaporization of,
159-161; volume-temperature
relationship, 176

Gas turbines, 215-216

Gaseous phase of matter, 143-144

Gasoline engines, 213-215

Gauss, Karl Friedrich, and earth’s magnetic
field, 475

Geiger, Hans, 637

Geiger tube, 637
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Gell-Mann, Murray, and subatomic particles,
641, 647

Generator(s), 499-509; alternating current,
501-505; compound-wound, 507-509;
described, 499; direct current, 505-509;
electric, 499-500; and Ohm’s law,
506—-509; series-wound, 506-509;
shunt-wound, 505-507; three-phase,
504-505; Van de Graaff, 630-631

Generator rule, 500

Germanium crystal, P- and N-type, 566—-568

Gilbert, William, and earth’s magnetism, 474

Glashow, Sheldon, and nuclear interactions,
649

Gluon, 647-648

Goddard, Robert, and rocket, 218

Gram-atomic weight, defined, 595

Graph(s), use in problem-solving, 31

Graphic solution, 34

Grating constant, 368

Gravitation, Newton’s law of universal, 64-65;
see also Gravity

Gravitational field, 66-68; concept of, 68;
defined, 67; of earth, 64, 474

Gravitational force(s), resolution of, 77

Gravitational interactions between particles,
644-645

Gravitational mass, 9

Gravitational potential energy, 124-125

Graviton, 645

Gravity, center of, 85-86; defined, 66; fields of,
66-68; of moon and planets, 66; and
potential energy, 124-125; and weight, 66

Gravity waves, 230-231

Gray, 606

Grid bias, 559

Grounded object, 395

Ground fault interrupters, 452

Gyroscope, 106

Hadrons, 641

Half-life, defined, 602

Harmonic motion, 108-112, 223; analysis of,
110-111; simple, 109-110

Harmonics, defined, 268

Heat, defined, 167; and temperature, 166-167;
exchange of, 182-187; measurement of,
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169-170; and mechanical energy, 13;
mechanical equivalent of, 200-201;
specific, 183-184; specific of gases, 205;
transfer mechanisms, 207-220; and work,
200-205

Heat capacity, defined, 183

Heat engine(s), efficiency of, 207-208

Heat exchange, law of, 184-186

Heat of fusion, 189-191; defined, 189

Heat pump, 219-220

Heat sink, 207

Heat units, 169-170

Heat of vaporization, 192-194; defined, 193

Heat waves, 228

Heater cathodes, 557

Heisenberg, Werner, and the uncertainty
principle, 624

Henry, defined, 516

Henry, Joseph, and electromagnetic induction,
490; and inductance, 516

Hero’s aeolipile, 211, 216

Hertz, Heinrich Rudolf, and electromagnetic
wave, 286-287; and photoelectric effect,
415

Hooke, Robert, and stress/strain ratio, 149

Hooke’s law, 149-150

Hot wire meter, 528

Hughes, A. L., and photoelectric emission,
291

Human ear, audibility range of, 259

Human senses, 10

Humidity, relative, 160

Huygens, Christian, and wave theory of light,
281, 283-285

Huygens’ principle, 284-285

Hydrogen atom, 589

Hydrogen bomb, 614

Hydrogen isotopes, 595

Hydrogen, specific heat of, 205

Hydrogen spectrum, 296

Hypercharge, conservation of, 646

Hypothesis, 4-5; defined, 4

Ice, formation of, 174-175; heat of fusion of,
189-191; melting of, 155-156; regelation
of, 157

Ice point, 168
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Illuminance, 302-313; defined, 308;
measurement of, 306, 308-311

[luminated objects, 302-304; definition, 303

Image, formed by compound microscope,
351-352; formed by concave mirror, 324-
325; formed by convex mirror, 325-326;
formed by converging lenses, 347-349;
formed by refraction, 345-347; formed by
terrestrial telescope, 352; of a point, 323—
324; real, 343-344; virtual, 344

Image-object relationship, 327-329, 350

Impedance, 533-535; defined, 238

Impedance diagram, 533-534

Impedance transformer, 239

Impulse, defined, 131

Incandescent lamp, 449

Inclined plane, 119

Incoherent waves, 298

Index of refraction, 334-337; defined, 334;
variation of, 355

Induced charge, 385

Induced current, direction of, 496; discovery
of, 490; and electromagnetic field, 494—
496

Induced emf, 490; cause of, 494—496; factors
affecting, 492-494

Induced magnetism, 473

Inductance, in alternating current circuit,
529-531; mutual, 515-517; and resistance,
531-533; self, 517-519

Induction, 403; electrostatic charge by, 385-
387; residual charge by, 387-388; see also
Electromagnetic induction

Induction motor, 513

Induction watt-hour meter, 529

Inductive reactance, defined, 533; and
frequency, 544-545

Inductor(s), in series and parallel, 519-520

Inelastic collisions, 132-134

Inertia, 7-8; defined, 7; law of, 56-58;
rotational, 104-106

Inertia balance, 7-9

Inertial mass, 9

Inertial-confinement fusion reactor, 618

Infrared radiation, 288

Infrasonic sound, 253

Instantaneous current, and voltage, 502-503

Instantaneous speed, 42-43
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Instantaneous voltage, defined, 502

Insulator(s), 384-385; defined, 384

Intensity of sound, 256-259; defined, 256;
measurement of, 311-313

Interaction (particle), defined, 643

Interaction, law of, 61-62

Interference, defined, 362; double-slit, 362—
364; light, 280; in thin films, 364-366;
wave, 244-246

Interference pattern, 245-246; of polarized
light, 366; 375-376

Interferometer, 336

Internal combustion engine, 213-215

Internal energy, defined, 200

Internal resistance, of battery, 425;
determination of, 425, 426427

International Bureau of Weights and
Measures, 20

International System of Units (SI), 20

Intersecting storage accelerator, 633-634

Inverse photoelectric effect, 300

Inverse proportion, defined, 32

Ionization chamber, 636—637

Ionization energy, defined, 628

Ionized air, 398

Iron atom, 467-468

Iron vane meter, 528

Isothermal expansion, 202-204

Isothermal process, defined, 204

Isotopes, 594-595; defined, 594-595

Janssen, Zacharias, and microscope, 351

Jet engines, 216-218

Joly photometer, 312

Joule, defined, 115

Joule, James Prescott, 115; and conservation
of energy, 12-13; and heating effect of
electric current, 450; and mechanical
equivalent of heat, 200-201

Joule’s law, 450-451

Junction detector, 640

Junction transistors, 568-571

Kelvin temperature scale, 168-169

Kepler, Johannes, and planetary motion, 4-5
Kerst, Donald, and betatron, 632

Kilocalorie, 170

Kilogram, 21, 22-23
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Kilovolt, 394

Kilowatt, 121

Kinetic energy, described, 11-12; in linear
motion, 125-126; in rotary motion, 126—
127

Kinetic molecular theory, 4

Kinetic theory of matter, 143-144

Kirchhoff, Gustav Robert, and series circuit,
429

Kirchhoff's first law, 430

Kirchhoff’s second law, 429

Krypton-86 lamp, 22

Krypton-95, 609-610

L-R-C series circuit, 540-541, 546-548

Land, Edwin H., and polaroid film, 374

Laser, 298-300

Law (principle), scientific, 3—4; see also
individual laws

Law of acceleration, 58-61

Law of conservation of angular momentum, 137

Law of conservation of energy, 12-13

Law of conservation of mechanical energy, 129

Law of conservation of momentum, 132

Law of electrolysis, 460-463

Law of electrostatics, 381; Coulomb’s, 388-389

Law of entropy, 210

Law of heat exchange, 184-186

Law of inertia, 56-58

Law of interaction, 61-62

Law(s) of motion, Newton’s, 56—-62

Law of photoelectric emission, 289-292

Law of reflection, 317-318, 236

Law of refraction, 337-338

Law of resistance, 434-437

Law of universal gravitation, 64—65

Law of vibrating strings, 270-271

Lawrence, E. O., and cyclotron, 631

Leaf electroscope, 383

Lee, Tsung-Dao, and parity, 647

Left-hand rule, 500

Lenard, Philipp, and photoelectric effect, 289

Length, standard unit of, 21-22

Lens(es), achromatic, 360; converging, 341,
343; diverging, 342, 344-345, 349; focal
length, 345; focal plane, 345; and mirrors
compared, 346

Lens astigmatism, 346

MODERN PHYSICS

Lens optics, 341-353

Lenz, Heinrich, and induced current, 497

Lenz’'s Law, 496-498

Leptons, 641; conservation of, 645-646

Libby, W. F., and Carbon-14 dating, 621

Lift, 163

Light, coherent, 298; color of, 355-356;
corpuscular (particle) theory of, 281-283;
defined, 287-288; diffraction of, 280,
366-367; dispersion of, 355-360;
electromagnetic theory of, 285-287;
intensity, 306307, 311-313; interference,
280; luminous intensity of, 306-307;
measurement of, 306-311;
monochromatic, 355; plane-polarized, 373;
polychromatic, 355; pressure of, 300-301;
propagation, 280; properties of, 280-281;
reflection of, 280, 315-329; refraction of,
280-281; scattering of, 376-378; speed of,
304-306, 333-334; wave theory of, 281,
283-285; wave-particle theory of, 295; see
also Mlumination; Incandescent lamp.

Lightning, 398, 399

Lindenbaum, S. J., and electronic bubble
chamber, 639

Line of flux, defined, 470

Linear accelerators, 634—635

Linear expansion, coefficient of, 171-172

Liquid(s), boiling of, 161, 191-192;
capillarity of, 154; cohesion and adhesion
of, 152; diffusion in, 151-152; evaporation
of, 159; freezing of, 154-156, 191;
molecular forces in, 144—-145; nature of,
151-152; surface tension of, 152-154;
thermal expansion of, 173-175

Liquid bubble chambers, 638-639

Liquid films, 152-154

Liquid phase, of matter, 143-144

Liter, 22

Load, electric, 413

Load resistor, 425

Longitudinal wave, 227-228; characteristics of,
229; defined, 226

Loudness of sound, defined, 257

L-R circuit, 532

Lubrication, 82

Lumen, defined, 307

Luminous flux, 306-308; defined, 307
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Luminous intensity, measurement of, 306-307
Luminous objects, 302-304; defined, 303
Lymen series, 296

MKS system, see Metric system

Machines, simple, 119-121

Magnetic equator, 474

Magnetic field, 466, 470-471; and charge in
motion, 477-480; and current loop, 480-
481; of earth, 474

Magnetic flux density, defined, 470

Magnetic induction, 479

Magnetic permeability, 471-473

Magnetic poles, forces between, 469-470

Magnetic quantum number, 625-626

Magnetic-confinement fusion reactor, 617

Magnetism, 465-476; Coulomb’s law of, 470;
domain theory of, 466-469; and electric
current, 476-477; induced, 473; terrestrial,
473-475

Magnetite, 465

Magneto, 503

Magnetosphere, 475-476

Magnets, natural 465-466; see also Magnetism

Magnification, 350-351

Magnifiers, simple, 350-351

Major chord, 260

Malleability, 147

Mass, defined, 7; of earth, 65-66; of electron,
584-586; equation for, 59; gravitational, 9;
inertial, 9; international standard of, 23;
measurement of, 7-9; relativistic, 14; rest,
14; and size, 7; standard unit of, 22-23

Mass density, defined, 9; equation for, 9, 32

Mass number, defined, 143

Mass spectrograph, 595-596

Mass-energy equation, 14

Mass-force relation, 59-60

Matter, atomic structure of, 382-383; chemical
change in, 603; defined, 9; described, 6-7;
early theories of, 141-142; and energy,
13-15; kinetic theory of, 143-144; nuclear
change in, 603; phases of, 141-161, 188-
196; physical change in, 603; structure of,
141-145; wave nature of, 628-629

Maxwell, James Clerk, and electromagnetic
theory, 286
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Measurement, accuracy in, 25; metric system
of, 20-23; precision in, 25-26; units of,
20-21

Mechanical energy, conservation of, 128-129;
and heat, 13

Mechanical equivalent of heat, 200-201

Mechanical waves, defined, 224

Megavolt, 394

Melting, 154-156; defined, 154; see also Fusion

Mendeleyev, Dmitri, and Periodic table of
elements, 641

Meniscus, defined, 152

Mercury, surface tension of, 153-154

Meson, 641

Metal(s), ductility and malleability of, 146~
147; electroplating of, 459-460; heat
capacities of, 182-183; photoemissions of,
415-416; see also individual metals

Meter, 21-22; see alse individual meters

Method of mixtures, 184—-185

Metric system, 20-23

Michelson, Albert A., and interferometer, 22;
and speed of light, 305-306

Microampere, 411

Microfarad, 401

Microscope, compound, 351-352

Microvolt, 394

Milliampere, 411

Millikan, Robert, and cosmic rays, 611; and
electron charge, 548-585, 586-588; oil
drop experiment, 586-588; and
photoelectric emission, 291

Millivolt, 394

Miniaturized computers, 2-3

Mirror(s), concave, 318, 324-325; convex, 318,
325-326; curved, 319-321; and lenses
compared, 346; parabolic, 322-323; plane,
317, 318-319; as reflectors, 317-326;
spherical, 317-318, 319-321

Mirror equation, 327-329

Mole, 21; defined, 179

Molecule(s), cohesion and adhesion of, 146;
defined, 142; forces between, 144-145;
polar and nonpolar, 403

Momentum, angular, 136-137; conservation
of, 132; defined, 131; nature of, 131

Monochromatic light, defined, 355

Monopoles, 469
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Motion, accelerated, 54-55; circular, 93-100;
in curved path, 93-94; defined, 41;
graphs of, 41-42; harmonic, 108-112, 223;
linear, 125-127; nature of, 40-41;
Newton’s laws of, 56-62; periodic, 108—
110; rotary, 101-107, 118-119, 122, 126—
127; two-dimensional, 93-94; uniformly
accelerated, 49-52; see also Acceleration;
Speed; Velocity

Motor(s), 511-513; alternating current, 512—
513; direct-current, 511-512; induction,
513; synchronous, 513; universal, 512-513

Motor effect, 509-510

Motor rule, 510

Music, 260-261

Mutual inductance, 515-517; defined, 516

Natural magnets, 465-466

Natural radioactivity, types of, 603

Nautilus, 617

Near point, 351

Negative charge, 381

Networks, resistance in, 430-434

Neutral weak current, 648

Neutron, 593-594; in nuclear reactor, 617

Newcomen, Thomas, and steam engine, 211-
212

Newton, 23

Newton, Sir Isaac, 56; laws of motion, 56-62;
and particle theory of light, 281-283

Newton's first law of motion, 57-58

Newton’s law of universal gravitation, 64-65

Newton’s second law of motion, 58-61

Newton’s third law of motion, 61-62

Nicol prism, 375

Nitrogen, specific heat of, 205

Nobel Prize, 3, 295, 593, 601, 610, 624, 626,
641, 644, 647, 649

Nodal lines, 245

Nodes, 245

Noise, 260

Nonconductors, 396-398

Noncrystalline solids, melting and freezing of,
154-156

Normal, of mirror, 320

Normal boiling point, 161; of water, 192

North magnetic pole, 473-474
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N-P-N transistor, 573-574

N-type germanium crystal, 567-568; defined,
567

Nuclear binding energy, 596-597

Nuclear binding force, 596-597

Nuclear bombardment, 606—608

Nuclear chain reaction, 613-614; defined, 613

Nuclear change, defined, 603

Nuclear energy, uses, 613-621

Nuclear equations, 603-604

Nuclear fission, 608-610; defined, 608

Nuclear fusion, 610-611, defined, 610

Nuclear mass defect, defined, 596

Nuclear power, 616-618

Nuclear power plants, 616-618

Nuclear reactions, types of, 600-611

Nuclear reactors, 614-616; defined, 614

Nuclear symbols, 603

Nuclear transformations, 604—606

Nucleus, see Atomic nucleus

Nuclide, radioactive, 604-606

Object-image relations, 350

Octave, 260

Oersted, Hans Christian, and
electromagnetism, 477

Ohm, 413, 425

Ohm, Georg Simon, and resistance, 424

Ohmmeter, 486487

Ohm'’s law of resistance, 424-426, 506-509

Oil-drop experiment, 586-588

Opaque substance, 303, 304

Optical density, defined, 332

Optical refraction, 332-340; defined, 333

Optical rotation, 378

Optical spectrum, 287-288

Optical telescopes, 315, 326-327

Optically active substances, 378

Orbital, 589

Order of magnitude, defined, 29; of length, 30

Oxygen, specific heat of, 205

Pain, threshold of, 259

Parabola, 323

Parabolic mirror, 322-323 .
Paraffin, as noncrystalline solid, 154-156
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Parallel circuits, 429-434; defined 429

Parallel forces, 85-89; defined, 86

Parallel resistance, 429-431

Parallelogram method, 34

Paramagnetism, 466

Parity, conservation of, 646—647; law of, 646

Particle(s), see Subatomic particles

Particle accelerators, 630-635; betatron, 632;
circular, 631-634; cyclotron, 631-632;
intersecting storage, 633—634; linear, 634-
635; synchrotron, 632-633

Particle detection instruments, 635-640

Particle (corpuscular) theory of light, 281-283

Pascal, 212

Paschen series, 296

Pauli, Wolfgang, and exclusion principle, 626,
627

Peltier effect, 417

Pencil(s), light, 304

Pendulum, 111-112; defined, 111

Pentode, 555

Penumbra, 304

Perfectly elastic spring, 149

Period, defined, 8; wave, 230

Periodic motion, 108-110; defined, 108-109

Periodic table of the chemical elements, 641

Periodic waves, 226-227

Permalloy, 466

Permeability, magnetic, 471-473

Perrin, Jean, and cathode rays, 583

Phases of matter, 141-161; changes in, 188—
196

Phasor, defined, 530

Photocell, 578

Photoelastic material, 376

Photoelectric cell, 416

Photoelectric effect, 288—-289, 415-416;
defined, 289; inverse, 300

Photoelectric emission, laws of 289-292; and
wave theory, 293-294

Photoelectric equation, Einstein’s, 294-295

Photoelectric photometer, 311, 312

Photoelectrons, 289

Photographic film, and detection of subatomic
particles, 638

Photometers, 311-313

Photometry, defined, 306

Photomultiplier tube, 563-564
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Photon energies, 300

Photovoltaic effect, 576, 578

Physical change, defined, 603

Physical quantity, defined, 20

Physical science, defined, 15

Physics, content of, 6-16; defined, 15;
subdivisions of, 15

Picofarad, 401

Picture tubes, 563, 583

Piezoelectric cell, 418

Piezoelectric effect, 418

Piezoelectric energy, 418

Pigments, primary, 359

Pitch, 260-261; defined, 260

Pith-ball electroscope, 381

Pivot point, 86

Planck, Max, and quantum theory, 293

Planck’s constant, 293, 629

Plane mirror, 317, 318; image formed by,
318-319

Plane-polarized light, defined, 373

Plasma, defined, 161

Platform balance, 8-9

P-N junction diode, 568-569

P-N-P transistors, 572-574, 575

Poincaré, Jules Henri, and scientific method, 4

Point charge, 388

Polar molecules, 403

Polarimeter, 378

Polarization, by reflection, 374-375; by
refraction, 375; by selective absorption,
374; of transverse waves, 372-374

Polarization angle, 375

Poles, see Magnetic poles

Polonium, discovery of, 601

Polychromatic light, defined, 355

Positive charge, 381

Potential difference, 394-407; defined, 394

Potential energy, defined, 11; elastic, 128;
gravitational, 124-125

Potential gradient, defined, 395

Power, alternating, 502, 525-526; alternating
current and direct current compared, 526;
defined, 121; in electric circuits, 452—-454;
nuclear, 616-618; in rotary motion, 122

Power diodes, 559

Power frequencies, 287-288

Precession, 106-107
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Precision, 25-26; defined, 26

Precision balance, 27

Pressure, critical, 195; effect on freezing point,
156-157; and expansion of gases, 176-178;
of gases, 157, 159-161; of light, 300-301;
standard, 178

Primary colors, 358-359; defined, 358

Primary pigments, defined, 359

Principal axis, of mirror, 320

Principal focus, of mirror, 320

Principal quantum number, 624-625

Principal rays, 345-346

Prism, 338; dispersion by, 355; Nicol, 375

Prism binocular, 352-353

Problem solving, 29-36; rules of, 35-36

Projectile, path of, 93-94

Proof plane, 383

Proton, 592-593

P-type germanium crystal, defined, 568

Pulley, 119

Pulse, of vibrating string, 237-238

Quality of sound, 269

Quantum mechanics, 297, 623-629; defined,
624

Quantum number, 624-628; defined, 624

Quantum theory, 222, 293-294, 295-298,
623-624

Quarks, 647-648

Radian measure, 102

Radio compound, 619

Radio waves, 287288

Radioactive decay, 602, 604606

Radioactivity, discovery of, 600-601; defined,
600; natural, 602—-603; nature of, 601-602

Radioisotope(s), 618-621; defined, 618; uses,
620

Radiotelescope, 645

Radiotherapy, 620

Radium, discovery of, 601

Radium-226, half-life of, 602

Ramjet, 216-217

Rarefaction pulse, 226

Ray(s), bundle of, 345; converging and
diverging, 321-323; light, 304; parallel,
321-322; principal, 345-346

Ray diagram, 319, 342-345
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R-C series circuit, 538

Real image, 343-344; defined, 318

Rectilinear propagation of waves, 234-235

Red shift, 264

Reed, vibrating, 253-254

Reflectance, 315-316; defined, 316

Reflecting telescope, 326-327

Reflection(s), diffused, 316; laws of, 236, 317-
318; of light, 280, 315-329; multiple, 319;
polarization by, 374-375; regular, 316;
total, 338-340; wave, 235-238

Refracting telescope, 352-353

Refraction, angle of, 333-334; atmospheric,
337; double, 375; images formed by, 345-
347; index of, 334-337, 355; laws of, 337-
338; light, 280-281; optical, 332-340;
polarization by, 375; ray diagram of, 334;
and speed of light, 333-334; wave, 240-
241; wave-front diagram, 335

Refractometer, 336-337

Regelation, 157

Relative deviation, 26

Relative error, 25

Relative humidity, 160

Relativistic mass, 14

Relativity, Einstein’s theory of, 14

Research and development, 2

Residual charge, by induction, 387-388

Resistance, and capacitance, 537-540; defined,
413; energy conversion in, 449-450;
equivalent, 430-431; and inductance,
531-532; internal, 425, 426—427; laws of,
434-437; measurement of, 439-441; in
networks, 430-434; Ohm’s law of, 424—
426; in parallel circuit, 429-431; in series
circuit, 427-429

Resolution of forces, 76-77; defined, 76

Resonance, 272-275, 544—-549; series, 546—549

Rest mass, 14, 586

Resistivity(ies), 436-437; range of, 438

Resistivity spectrum, 438

Resultant force, defined, 72

Rheostat, 439, 440

Right-hand rule, 510

Ripple tank, 233-234

Rockets, 218-219; conservation of momentum
in, 132

Roemer, Olaus, and speed of light, 304
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Rotary motion, 101-107; defined, 101; kinetic
energy in, 126-127; power in, 122;
uniform and variable, 101-102; work in,
118-119

Rotational equilibrium, 86-88

Rotational inertia, 104-106; defined, 104

Ruby laser, 299-300

Rumford, Count, and conservation of energy,
12-13

Rutherford, Ernest, alpha scattering
experiment, 590-591; atomic theory of,
295; transformation experiment, 606—-607;
and nuclear model of atom, 591

Saccharimeter, 378

Satellite, orbit of, 98

Saturn V, 218

Saturn’s rings, 66

Scalar quantities, defined, 33

Scalars, 33

Scattering, light, 376-378

Science, certainty in, 5-6; defined, 2; and
technology, 2-3

Scientific hypothesis, 4-5; defined, 4

Scientific law(s), 3-4; defined, 3

Scientific notation, 28-29; defined, 29

Scientific theory, 3—4; defined, 3

Scintillation counter, 636

Screw, 119

Second, 21, 23-24

Second law of photoelectric emission, 291

Second law of reflection, 317

Second law of thermodynamics, 208-209

Secondary axis, of mirror, 320

Secondary quantum number, 625

Seebeck effect, 417

Selective absorption, polarization by, 374

Self-inductance, 517-519; defined, 518

Semiconductors, 438, 565-566; P- and N-type,
566-568

Senses, human, 10

Series circuits, 424-429; defined, 427

Series motor, 512

Series resonance, 546-548; defined, 546

Series-wound direct current generator, 506—
507

Shear strain, defined, 148

Shells, electron, 589
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Shock waves, 223

Shunt, 485

Shunt motor, 512

Shunt-wound direct current generator, 505-
507

Signal diode, 559

Significant figures, 26-28; defined, 26; rules
for, 27-28

Silver coulombmeter, 463

Simple harmonic motion, 109-111; defined,
110

Simple machines, types of, 119; work by,
119-121

Single-slit diffraction, 370-371

Sliding friction, 81

Slope, 41

Snell, Willebrord, and refraction, 334-335

Snell’s law, 281, 334-335

Solar cell, 577

Solar eclipse, 305

Solar eruption, 161

Solar plasma, 475

Solar spectrum, defined, 355

Solar wind, 475

Solenoid, 481

Solid(s), amorphous, 145; crystalline, 144,
145-146, 154-156; diffusion in, 146; elastic,
149-150; melting of, 154-156; molecular
forces in, 144-145; nature of, 145-146;
noncrystalline, 154-156; properties of,
146-148; thermal expansion of, 171-173

Solid-state detectors, 640

Solutes, effect on freezing point, 157

Sonic spectrum, 252-253

Sonometer, 267

Sound, defined, 253; and Doppler effect,
261-264; and forced vibrations, 271-272;
frequency, 260-261; intensity of, 256-259;
loudness of, 257; music, 260-261; nature
of, 252-264; photograph of, 253; pitch,
260-261; production of, 253-255; quality
of, 269; and resonance, 272-275; speed
of, 256; timbre of, 269; transmission of,
255-256; ultrasonic and infrasonic, 253

Sound waves, characteristics of, 266—277

South magnetic pole, 473-474

Space charge, 558

Space shuttle, 132, 219
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Spark discharge, 398

Specific gravity, defined, 9

Specific heat, 183-184; defined, 183; of gases,
205

Specific impulse, defined, 218

Spectrum, solar, 355

Specular surface, 316

Speed, average, 42-43; constant, 42-43;
defined, 41; instantaneous, 42-43; of
light, 304-306, 333-334; see also Velocity

Spherical abberation, 322, 346

Spherical mirror, 317-318, 319-321; focus of
rays by, 321-323

Spherical photometer, 312-313

Spin magnetic quantum number, 626

Spin quantum number, 626

Spintharoscope, 636

Spiral galaxy, 29

Spontaneous reactions, 458

Spring, perfectly elastic, 149

Spring balance, 8, 71

Squirrel-cage rotor, 513

Standard, defined, 22

Standard pressure, 178

Standard temperature, 176

Standing wave pattern, 246-247

Standing waves, 246-247

Starting friction, 81

Static electricity, defined, 380

Steam, condensation of, 194-195; as energy, 10

Steam engine(s), 211-212

Steam point, 168

Steam turbines, 212-213

Steinmetz, Charles P., and circuits, 526

Step-down transformer, 521

Step-up transformer, 521

Storage rings, intersecting, 633-634

Strain, defined, 148; and stress, 149-150

Streamline flow, 162

Streamlining, 163-164

Stress, defined, 148; and strain, 149-150

Strings, see Vibrating strings

Structural colors, 378

Subatomic particles, 581-582; classification of,
641-643; conservation laws, 645-647;
interactions, 643-645; symbols for, 603;
see also Electrons

Subatomic reactions, 641-649
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Sublimation, 159

Sun, energy production of, 610-611
Superconductivity, defined, 438
Supercooled water, 191
Superposition principle, 243
Surface tension, in liquids, 152-154
Sympathetic vibration, 272-275
Synchrocyclotron, 632
Synchrotron, 632-633

Technology, defined, 3

Telescope(s), optical reflecting, 326-327;
radiotelescope, 645; refracting, 352-353;
terrestrial (field), 352

Television color picture tube, 563, 583

Temperature, critical, 195; defined, 167; and
heat, 166-167; standard, 176; triple point,
168

Temperature scales, 167-169

Temperature-pressure curve, 188-189

Tensile strength, defined, 146

Terrestrial magnetism, 473-475

Terrestrial (field) telescope, 352

Tetrode, 555

Tevatron, 633

Theory, scientific, 3; see also theories by name

Thermal energy, 166—-167; defined, 166

Thermal expansion, of gases, 175-178; of
liquids, 173-175; of solids, 171-173

Thermal radiation, 302-303

Thermionic emission, 556-557; defined, 557

Thermocouple, 416-418

Thermodynamics, defined, 200; first law of,
201-202; second law of, 208-209

Thermoelectric energy, 416-418

Thermoelectric generator, 418

Thermometer, Celsius, 169; see also
Temperature scales

Thermonuclear (hydrogen) bomb, 614

Thermonuclear reaction, 610-611

Thin films, interference in, 364-366

Third law of photoelectric emission, 291

Thomson, Sir Joseph, and discovery of
electron, 583-584; and Edison effect 555—
556; and Kelvin scale, 168

Thomson effect, 417

Thought experiment, 57-58

Three-phase generator, 504-505
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Threshold of hearing, 257-259

Threshold of pain, 259

Thrust, 216

Timbre, sound, 269

Time, standard unit of, 23-24

Tokamaks, 617

Tolerance of a device, 26

Tone, 260

Torque arm, 87-88

Torques, 86-87; calculation of, 87-88

Tracer experiment, 620

Transformer(s), 520-522

Transistor(s), amplification, 571-574;
characteristics of, 574—576; development
of, 566; field effect, 566; junction, 566,
568-571; N-P-N, 573-574; P-N-P, 572—
574, 575; point-contact, 566

Transition temperature, 438

Translational equilibrium, 86

Translucent substance, 303

Transmission grating, 368

Transparent substance, 303

Transuranium element(s), 608—610; defined,
608

Transverse wave, 225-228; characteristics of,
229; defined, 226; polarization of, 372-374

Trigonometric solution, 34

Triode, 555-556

Triode amplifier, 559-561

Triple point, 188-189

Triple point temperature, 168

Tube(s), see Vacuum tube

Tungsten atom, 143

Tungsten-filament lamp, 355-356

Tuning forks, 272-273

Turbines, gas, 215-216

Turbocharging, 214

Turbojet engine, 217-218

Turbulence, 162

Ultrasonic sound, 253
Ultraviolet radiation, 288
Umbra, 304

Uncertainty principle, 623-624
Unified field theory, 648-649
Uniform acceleration, 49-52
Uniform circular motion, 94-95
Uniform rotary motion, 101
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Uniformly accelerated motion, 49-52

Unit analysis, 36

Unit pole, defined, 469

Units of measure, fundamental, 20-21

Universal gas constant, 179-180

Universal gravitation, law of, 64-65

Universal gravitational constant, 64

Universal motor, 512-513

Uranium, as a fuel, 614-616

Uranium reactor, 619

Uranium-235, chain reaction, 613; fission of,
609-610

Uranium-238, radioactive decay of, 604-605

Vacuum, speed of light in, 306

Vacuum tube, applications of, 555; cathode-
ray, 561-563, 582-584; development of,
555-556; diode characteristics of, 558—559;
photomultiplier, 563; triode amplifier,
559-561

Van Allen, J. A., and magnetosphere, 476

Van Allen belts, 475-476

Van de Graaff, R. J., and particle accelerator,
630

Van de Graaff generators, 630-631

Van der Waals, Johannes, and intermolecular
forces, 144

Van der Waals forces, 144

Vane electroscope, 383

Vapor, 144

Vaporization, 159; defined, 159; heat of, 192-194

Variable acceleration, 49

Variable circular motion, 94-95

Variable rotary motion, 101-102

Variable velocity, 44

Variation (declination), 474

Vector quantities, defined, 33

Vectors, 32-35; combined, 71-74; force, 71-74,
76-77; in velocity problems, 44-47

Velocity, 43-44; angular, 102; constant and
variable, 44; defined, 43; drift, 413;
equation for, 43; graphs of, 44; vector
problems, 44-47; velocity-time graphs, 49;
see also Acceleration; Speed

Venturi meter, 162-163

Vertex, of mirror, 320

Vertical circle, motion in, 97—-98

Vibrating reed, 253-255
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Vibrating strings, laws of, 270-271; vibration
modes of, 266-267; wave pulse of, 237-
238

Vibrations, forced, 271-272

Virtual focus, 344

Virtual image, 344; defined, 318

Viscosity, defined, 152

Volt, defined, 394; electron, 597

Voltage, instantaneous, 502-503

Voltage sensitivity, 483

Voltaic cell, 419

Voltmeter, direct current, 484—485

Voltmeter-ammeter, 439—440

Volume, defined, 2

Volume strain, defined, 148

Volume-temperature relations of gases, 176

von Siemens, Werner and William, and
electric generator, 490

Walton, E. T. S., and bombardment of
lithium, 607

Wankel engine, 215

Water, boiling of, 161; equilibrium vapor
pressure curve for, 191; expansion of,
174-175; freezing of, 174-175, 191;
freezing and melting of, 155-157; heat of
vaporization of, 192-94; phase change in,
188-196; surface tension, 152-153;
temperature-pressure curve for, 188-189;
triple point of, 168; see also Liquids

Watt, defined, 121

Watt, James, 121; and steam energy, 10

Watt-second, 455

Wave(s), characteristics of, 228-232; circular,
223, 234, 236-237; coherent, 298;
continuous, 223, 225; defined, 223;
diffraction of, 241-242; electromagnetic,
223, 285-287; energy transfer by, 222-224;
heat, 228; impedence, 238-239;
incoherent, 298; interactions, 233-247;
interference, 244-246; longitudinal, 226,
227-228, 229; matter, 628—629;
mechanical, 223-224; nature of, 222-232;
periodic, 226-227; properties of, 233-235,
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280; rectilinear propagation of, 234-235;
reflection of, 235-238; refraction of, 240-
241; shock, 223; sound, see Sound waves;
standing, 246-247; superposition of, 242—
244; transverse, 225-228, 229, 372-374

Wave fronts, 234

Wave mechanics, 297

Wave theory, failures of, 292-293; of light,
281, 283-285

Wave train, 223, 225

Wavelength, 230; measurement by diffraction,
367-370

Wave-particle theory, 15; of light, 295

Wedge, 119

Weight, and force, 23; and gravity, 66;
standard unit of, 23

Weinberg, Steven, and nuclear interactions,
649

Wheatstone bridge, 439-441

Wheel and axle, 119

Wilson, C. T. R., and cloud chamber, 637

Work, defined, 115; described, 115-117; and
energy, 10; by expanding gases, 202-205;
and heat, 200-205; measurement of, 115—
117; in rotary motion, 118-119; by simple
machines, 119-121; by varying force,
117-118; see also Energy; Force(s)

Work function, 289

Working equation, 35-36

X rays, 288; and electron pair, 585-586;
production of, 300

Young, Chen Ning, and parity, 647

Young, Thomas, and interference of light,
362-363, 365; and stress/strain ratio, 149

Young’s modulus, 149

Yukawa, Hideki, and mesons, 644

Zeeman, Pieter, and Zeeman effect, 626
Zeeman effect, 626
Zweig, George, and quarks, 647



