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INDEX”

A

a-amino acids, 330
a-iron, 459
Ablative compound, 161
Absorption coefficient, 618
Absorption spectra, 182
Acceptor, 598
Acid, organic, 319
Acrylonitrile, 310
Activated state, 396
Activation energy
barrier, 396
for creep, 70
for motion, 396
for tracer diffusion, 402
Active (corrosion), 503
Addition polymerization, 303
Adherent oxide film 415, 502
Adipic acid, 320
Aeration cell, 497
Aerospace, 46
Age precipitation hardened alloys, 456
examples, 457
Age precipitation hardening, 168
Aggregate, 347, 360
Aging, 455
Aging heat treatment, 168
ATSI code for steel, 551
Al-Cu phase diagram, 454
Allowed bands, 581
Alloy, 353
Alnico V,
microstructure of, 647
properties of, 135
Altimeter, 390
Aluminum-copper alloys,
Al-Cu phase diagram, 454
crystal structure, 240, 241
GP zone formation, 542
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Aluminum-copper alloys (Contd)
heat treatment, 168, 454
precipitate strengthening, 541
substitutional solutions, 454

Amines, 319

Amounts of phases, 439

Ampere, 99

Amplitude, 78

Anelastic behavior, 80

Angular momentum quantum number,

195

Anions, 481

Anisotropic, 41

Anisotropy,
of hexagonal crystals, 266
relation to symmetry, 263

Anneal(ed), 65

Anode, 481

Anodizing, 502

Antiferromagnetism, 636

Arrhenius equation, 398

Artificial heart, 51

Asbestos, 259

Asphalt pavement, 560

ASTM grain size, 349
data, 350

Atactic, 311

Atom vibrations, 392

Atomic:
coordination, 251
percent, 441
radius, 253
radius from lattice parameter, data,

253
scale, 341

Austenite, 458

Austenitic steel, 466

Austenitizing, 168, 465

Avalanche effect, 606

Average molecular weight, 307

* The boldface page numbers refer to the page on which the entry is defined and
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680 Index

B

Back voltage, 492
Bainite, 461
Bakelite, 325
Band structure:
in divalent metals, 592
in insulators, 590
in monovalent metals, 587
in semiconductors, 590
Bar, 35
Barium titanate, 345
Barometric formula, 390
Basal plane, 245
Base (npn junction), 609
Basis, 237
Batteries, 49
references, 505
Bauschinger effect, 86
Beta-alumina, 480
Bimetallic strip, 153
Binary phase diagram, 432
Binary system, 432
Biomaterials, 50
references, 54
Bitter pattern, 342
Bloch wall, 643
Block polymer, 318-319
Body-centered cubic, 238
Bohr magnetron, 223
Bohr postulate, 183
Bohr radius, 185
Boltzmann distribution, 391
Bond:
angles, 210

dissociation energies, data, 212

lengths, data, 212
Bond straightening, 316
Bonding energy:

alkali halides, data, 207

metals, data, 214

secondary bonded materials, 216

Bonds:

covalent, 208

glassy, 284

ionic, 203

metallic, 213

secondary, 214
Born repulsive potential, 204
Boron fiber composite, 357
Boron filaments, 357, 545

Boron filament composite micrograph, 29

Boundary, grain, 279
Boyle’s law, 370
Bragg:

equation, 290

Bragg (Contd)

law, 290
Branched polymers, 304
Brass, 268
Bravais lattices, 236
Breakdown, 606
Breeder reactor, 46
Bridgman method, 337
Brinell hardness number, 64
Brittle fracture, impact, 67
Brittle materials, 59

Bubble raft model of crystal, 280

Bubbles, 281
Bulk modulus, 89

relation to Young’s modulus, 90

Burgers vector, 277

C

Cable construction, 115
Capacitance, 109
Capacitor, 109

Carbide, cemented, 546
Carbide precipitation, 507

Carbon-diamond phase diagram, 431

Carbon solubility in iron, 459
Carburization depth, 408
Carriers, 593
Case:
carburized, 408, 551
hardened, 551
nitrided, 527
Cast iron:
gray, 467, 527
nodular, 468, 528
white, 467
Cast irons, 467
Casting, 350
Cathode, 481
Cations, 481
Caustic embrittlement, 500
Cell:
aeration, 497
concentration, 483
differential pressure, 483
differential temperature, 483
dissimilar electrode, 483
oxygen, 497
unit, 236
Cellulose, 329
Cement, Portland, 360
Cemented carbides, 546
Cementite, 460
Ceramic materials, 259
references, 295

Cesium chloride crystal structure, 255



Chain stiffening, 314
Chain structures, 304, 306, 313
Charge:
flux, 100
mobilities in semiconductors, data,
595
mobility, 568
Charpy test, 67
V-notch specimen, 68
Chemical properties, 169
Chloroprene, 318
Cis configuration, 317
Closest-packed:
directions, 247
layer, 247
structure, 248
Closure domains, 641
Coatings:
abrasion resistant, 362
corrosion resistant, 361
oxidation resistant, 361
Coercive:
field, 118
force, 126
Coherence length, 660, 663
Coherent precipitate, 455
Coil, inductance of, 122
Cold worked, 65
Collective de Broglie wave, 663
Collector, 609
Color, 230
Columnar grains, 352
Comet airplane failure, 72
Component, 431, 436
Composites, 355
boron fiber, 357
coatings, 361
concrete, 360
GRP, 355
honeycomb, 359
laminates, 359
microelectronic circuit, 19, 363, 415
plywood, 363
prepregs, 359
prestressed concrete, 361
references, 365
sintered tungsten carbide, 362
strengthening, 528
synthetic hard superconductor, 363
Composition, 436
Compressive strength, 521
Concentration cell, 483
Concentration polarization, 491
Concept of local equilibrium, 470
Concrete, 360
references, 366
Condensation polymerization, 320

Index 681

Conduction band, 582
Conduction, electrical, by
electrons, 586
holes, 586
ions, 412
Conductivity, electrical, 100
of ionic materials, 411
of metals, 104, 587, 592
data, 101
of semiconductors, 107, 590, 593, 596
data, 101
Ohm’s law, 100
Nernst equation, 412
Conductivity, thermal, 154
coefficient, 154
data, 155, 157, 158
Fourier heat conduction law, 154
Congruent melting point, 444
Conservative:
properties, examples, 172
system, 78
Constants, (see frontispiece)
Contact potential, 602
Controlled eutectics, 451
Cooling curve, 475
Cooper pairs, 660
Coordination:
number, 251, 257
polyhedron, 251
Copolymer, 318
Copper:
crystal structure, 240, 241
electrical resistivity, 101, 587
electron mean free path, 589
Fermi energy, 576
melting temperature, 164
oxidation, 170
Poisson’s ratio, 61
shear modulus, 43
solution with nickel, 268, 451
thermal conductivity, 155, 157
with beryllium, 457
Young’s modulus, 42
Copper-beryllium alloys, 457
Coring, 452
Corrosion:
effect of liquid velocity, 492
fatigue, 499
protection, 501
references, 505
Corrosion, types of:
caustic embrittlement, 500
decarburization, 499
dezincification, 498
fatigue, 499
intergranular, 498
oxygen starvation, 497



682 Index

Corrosion, types of (Contd)
season cracking, 500
stress corrosion cracking, 499
Corundum, 612
Coulomb, 95
Coulomb attraction, 96
Covalent bond, 210
C-Ni phase diagram, 433
Creep, 69
activation energy, 70
steady state, 69
theory of high temperature, 558
Cristobalite, 283
Critical resolved shear stress, 525
Crosslinking, 315
Cross slip, 532
Cryogenic temperatures, 102
Crystal:
covalent, 212, 240
homopolar, 212, 240
ionic, 254
metallic, 239, 240
molecular, 216, 379
poly-, 347
single, 337
Crystal cell dimensions, data, 241
Crystal data, references, 294
Crystal growth:
Bridgman method, 337
from solution, 337
pulling from melt, 338
references, 365
Crystal structure, 237
Crystal structures:
body centered cubic, 238
cesium chloride, 255
diamond cubic, 240
face centered cubic, 239, 250
hexagonal closest packed, 241, 249
simple cubic, 245
sodium chloride, 206, 254
wurtzite, 256
zinc blende, 255
Crystal systems, 235
Crystallization:
in castings, 350
in polymers, strain induced, 316, 317
Crystallographic:
direction, 242
plane, 243
Cu-Au phase diagram, 441
Cu;zAu ordered solution, 269
Cube-textured material, 649
Cubic crystal:
body-centered, 238
diamond, 240
face-centered, 239

Cubic crystal (Contd)
simple, 245
Cubic lattice:
body-centered, 236
face-centered, 236
simple, 236
Cu-Ni phase, 451
Curie:
law, 628
temperature, 128
Curie-Weiss relation, 629
Curve:
S-N, 71
T-T-T, 549
Cyeclic:
loading, 71
stress fatigue, 71
Cyclotron frequency, 618

D

3-iron, 459
Damage, radiation, 47
Damped oscillations, 79
Darcy’s equation, 77, 414
Dark-resistance material, 617
Data:
angle of loss
mechanical, 81
electrical, 113
ASTM grain size, 350
atomic radius from lattice parameter,
253
B-H data for silicon steel, 147
bond energies, 212
bonding energy
ionic bonds, 207
metals, 214
organic compounds, 212
secondary bonded materials, 216
bond lengths, 212
cell dimensions of some elements, 241
charge mobilities in semiconductors,
595
Curie temperature of ferromagnetic
elements, 635
diamagnetic susceptibilities, 623
dielectric constants, 110
dielectric loss angle, 113
dielectric strength, 114
diffusion:
interstitial, 406
self- in metals, 410
in polymers, 414
elastic constants
Poisson ratio, 61



Data (Contd)
shear modulus, 43
Young’s modulus, 42
electric dipole moments of molecules,
631
electric loss angle, 113
electrical resistivity, 101
of metals versus temperature, 102
of semiconductors versus temper-
ature, 107
electron concentration, 576
energies of vacancy formation, 387
energies of vacancy motion, 398
energy gaps in semiconductors, 594
Fermi energy, 576
Fermi temperature, 576
Fermi velocity, 576
ferroelectric crystal data, 118
ferromagnetic Curie points, 128
ferromagnetic saturation induction,
128
ferromagnetic, soft:
hysteresis loss, 130
initial permeability, 130
saturation induction, 130
galvanic series of metals in salt water,
489
grain size, ASTM, 350
heat of fusion, 161
heat of vaporization, 161
hydrogen overvoltage, 493
ionic radii, 257
ionization energies of solutes in semi-
conductors, 598
ionization potentials, 201
lattice parameter of martensite versus
carbon content, 462
lattice parameters of some elements,
241
loss angles:
electrical, 113
mechanical, 81
magnetization saturation of ferro-
magnetic elements, 635
maximum energy product, 135
mean free path of gas molecules, 377
melting temperatures, 164
interstitial compounds, 260
polymers, 308
minimum radius ratios, 258
molecular diameters, 379
molecular speeds, 372
Poisson ratio, 61
polymer production, 305
Q-factor, 84
relative permeability, 133
shear modulus, 43

Index 683

Data (Contd)
specific stiffness, 73
specific tensile strength, 73
standard oxidation potentials, 486
strengths of filaments, wires and
whiskers, 545
superconducting critical field, 137
superconducting critical temperature,
137, 140
tensile strength:
of filaments, wires and whiskers, 545
of sapphire whiskers, size effect, 338
thermal conductivity, 155
of copper, 157
of quartz, 158
thermal emf’s of junctions, 166
thermal expansion, linear, 152
vibrational frequencies of atoms, 394
viscosity coefficients, 75
void radius ratios, 253
Young’s modulus, 42
de Broglie relation, 186
Debye, 220, 631
Debye-Scherrer method, 291
Decarburized, 499
Deformation:
elastic, 35
elastoplastic, 85
plastic, 35
viscous, 74
Degree of crystallinity, 288
Degree of polymerization, 307
Dendrites, 352
Density of crystals, from X-ray diffrac-
tion data, 242
Density of states, 634
Desalinization, 56
Devitrification, 288, 519
Dezincification, 498
Diamagnetic, 124
Diamagnetism:
perfect, 659
theory of, 621
Diamond:
band gap energy, 594
charge mobilities, 595
crystal structure, 240, 241
electrical resistivity, 101
metastability, 170
origin of electrical resistance, 590
production, 433
synthesis, 433
Young’s modulus, 42
Diamond cubic structure, 240
Diamond structure, 212
Dielectric:
constants, 110
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Dielectric (Contd)
constants, data, 110
constants, theory, 631
loss angle, 112
loss angle data, 113
loss factor, 112
strength, 114
strength data, 114
susceptibility, 117
susceptibility owing to induced dipoles,
631
susceptibility owing to permanent
electric dipoles, 631
theory, 631
Dielectric:
ideal, 112
nonideal, 112
Dielectrics, 109
Differential:
concentration cells, 483
oxygen cell, 497
pressure cell, 483
temperature cell, 483
Diffraction:
angle, 290
by X-rays, 288
references, 294
Diffusion:
applications of, 418
controlled processes, 418
distance, 403
gases, 405
in ionic crystals, 411
in microelectronic circuit manufacture,
415
in polymers, 413
data, 414
interstitial solid, 406
data, 406
length, 601
references, 424
self- in metals, data, 410
solids, 404
steady-state, 400
time-dependent, 401
tracer, 402
vacancies in metals, 408
Diffusionless transformation, 463
Dipole moment, 215
Dipoles:
dislocations, 533
electric field of permanent, 222
induced electric, 221
magnetic, 222
permanent electric, 215
relation of electric dipoles and polari-
zation, 220

Dipoles (Contd)
relation of magnetic dipoles and mag-
netization, 223
torque due to electric fields, 220
Dislocation, 271
annihilation, 536
barriers, 528
climb, 409
cross slip, 532
density, 276, 534
dipole, 533
edge, 273
energy per unit length, 535
etch pits, 277
Frank-Read source, 534
glide, 274
impurity atmospheres, 530
in grain boundaries, 279
in subcells, 537
jogged, 409
mixed, 276
motion, 274, 276
multiplication, 277, 532, 533, 534
partial, 464
Peierls-Nabarro stress, 526
pileup, 522
pinning, 529
plastic deformation, 276
plastic strain, 531
rearrangement, 536, 554
references, 561, 562
screw, 275
Dispersion forces, 216
Dispersion hardened alloys, 557
SAP, 557
TD nickel, 558
Dissimilar electrode cells, 479, 483
Dissipative process, 81
examples, 173
Distinct configurations, 383
Distribution coefficient, 469
DNA, 332
Domain boundaries, 343
walls, 343, 346, 643
Domains, 633
basis for occurrence of, 639
boundary pinning of, 648
closure, 641
magnetic bubble, 651
micrographs of, 26
observing, 644
single particle, 646
Donors, 598
Doping, 597
Double chain structure, 300
Drift velocity, 568
Drude’s model, 567



Ductile to brittle transition temperature,
68
Ductility, 63
measures of, 63
pressure induced, 63
Dulong and Petit, 160, 395
Dye molecules, color, 230

E

Easy direction, 642
Edge dislocation, 273
moiré pattern of, 273
Effective mass, 586
Efficiency, thermal, 69
Eigenvalue problems, 188
Einstein frequency, 395
Einstein model of specific heats of solids,
395
Einstein relation, 182
Elastic:
anisotropy, 41
constant measurements, 120
deformation, 35
energy density, 37
Elastic constants:
bulk modulus, 89
Poisson’s ratio, 60
data, 61
shear modulus, 40
data, 43
use in seismology, 90
Young’s modulus, 36
data, 42
Elastomers, 315
Elastoplastic materials, 85
Electric current density, 100
Electric dipole, 215
Electric dipole moments of molecules,
data, 631
Electric intensity, 95
Electrical conductivity, 100
Electrical materials, references, 142
Electrical resistivity, 100
data, 101
of metals versus temperature, 106
of semiconductors versus temperature,
107
origin, 588
Electrochemical cell, 479
Electrode, 480
potential, 485
reaction, 485
Electrodeposition, references, 506
Electrolytic cells, 483

Index 685

Electromachining, 479
Electron:
concentration, data, 576
configuration, 200
configuration of light elements, 200
delocalization, 209, 214
gas, 213
in a periodic potential, 580
injection, 608
pair bond, 208
spin, existence of, 224
Electronic specific heat, 577
of superconductors, 661
Electrons in solids, references, 615
Electroplating, 479
Elongated single domains, 646
permanent magnet, 646
Emission spectra, 182
Emitter, 608
Energy:
activation, 396
bands, 580
gaps, 581
gaps in semiconductors, data, 594
gaps in superconductors, 660
Gibbs free, 386
internal, 380
levels, 185, 573, 580, 613
of formation of a vacancy, 269, 386
of formation of vacancies, data, 387
of motion of a vacancy, 397
of motion of vacancies, data, 398
references, 53
Enthalpy, 159
Entropy, 384
of mixing, 385
Equation of state, 374
Equiaxed, 349
Equilibrium, 170
Equilibrium behavior, 379
Error function, 407
Esaki diode, 618
ESD magnet, 646
Etch pit techniques, 277
Etchants, 342
Etching, 342
Ethane molecule, 211
Ethylene, 310
Eutectic:
alloy, 443
composition, 443
controlled, 451
lamellar, 450
line, 443
point, 443
rod-like, 450
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Eutectic (Contd)
structure, 447
temperature, 443
transformation, 443
uniaxially solidified, 448

Eutectoid, 446
structure, 460

Exchange interaction, 634

Excluded volume, 375

Expansion, thermal
linear, 152
volume, 152

Extension ratio, 33

External surface, 278

Extrinsic, 411
semiconductor, 107, 596

F

Face-centered cubic, 239
Failure:
dielectric, 114
mechanical, 67, 72
Farad, 99
Faraday equivalent, 483
Fatigue:
cyclic stress, 71
Comet disasters, 72
limit, 72
Fe-C phase diagram, 459
Fe-Fe;C phase diagram, 459
Fe,;C, 459
Fermi-Dirac distribution, 577
Fermi energy, 213, 577
at absolute zero of temperature, 575
data, 576
of n-type semiconductor, 600
of p-type semiconductor, 600
Fermi surface, 575
Fermi temperature, 575
data, 576
Fermi velocity, 576
data, 576
Ferrimagnetic materials, 637
Ferrimagnetism, 223, 636
Ferrite, 458
Ferrites, 636
Ferroelectric, 117
Curie point, 118
data, 118
domains, 346
Ferromagnetic, 124
Curie point, data, 128
domain, 343
elements, data, 635

Ferromagnetic (Contd)
saturation induction, data, 128

transition temperature, 128

Ferromagnetism, 223
occurrence, 635
origin, 633
references, 654

Fibers, glass, 521, 545

Fick’s first equation, 400
law, 400

Field ion:
micrograph, 23
microscopy, 22

Filaments, 545
boron, 357, 528, 545
graphite, 528, 545

First Brillouin zone, 582

First-order transitions, 659

Flame hardening, 551

Flow:
plastic, 59
viscous, 74

Fluidity coefficient, 75

dependence on temperature, 76

Fluids, Newtonian, 75
Flux, 76
Flux line, 669
Flux line lattice, 669
Flux penetration, 665
Flux quantization, 666
Fluxoid, 669
lattice, 669
lattice dislocation, 674
pinning, 672
Folded-chain structure, 327
Forbidden energy bands, 581
Forces:
electric, 95
interatomic, 203
magnetic, 96
repulsive, 204
van der Waals, 216
Formaldehyde, 324
Forsterite, 300
Forward bias, 603

Fourier heat conduction law, 154

Fractional decrease in:
amplitude per cycle, 81
stored energy per cycle, 81

Fracture of:
brittle materials, 518
ductile materials, 522

Framework structure, 300

Frank-Read source, 534

Free electrons, 213

Free electron gas model, 567

Free energy, Gibbs, 386



Frenkel defect, 270
Frenkel’s model, 517
Frequency, 182
Fringed micelle structure, 326
Fuel cells, 49, 495

references, 54, 505
Fused silica, 286

G

GaAs:
band gap, 594
charge mobility, 595
crystal structure, 597
Galloping Gertie, 83
Galvanic series, 490
of metals in salt water, 489
Galvanizing, 503
Gap energy, 581, 593
Gases:
diffusion, 405
ideal, 369
mixing, 382
viscosity, 376
Gel, 360
Gibbs free energy, 386
Ginsburg-Landau parameter, 670
Glass, 284, 285, 286
inorganic, 286
polymerice, 316
references, 295
Glass-reinforced plasties, (GRP), 355
Glass transition temperature, 285
Glaze, 287
Glide, 523
planes, 524
Glide packets, 523
GP zone, 542
Graft polymer, 319
Grain, 347
boundary, 279
boundary strengthening, 538
columnar, 352
equiaxed, 348, 349
growth, 555
preferred orientation of, 350
size, 360
size, ASTM, data, 350
Grain-oriented steel, 649
Graphite, 266
Gray cast iron, 467
Griffith theory, 519
Ground state, 183
Grown from solutions, 337
Growth spiral, 275

Index

Guinier-Preston zone, 542
Gutta percha, 317

H

Habit plane, 464
Hair, 331
Half-cell, 485
potential, 485
Hall coefficient, 103
anomaly, 570
of divalent metals, 592
units, 104
Hall effect, 103
Hard direction, 642
Hard magnetic material, 134
Hard rubber, 315
Hard superconductors, 673
Hardenability, 550
Hardened materials:
magnetic, 645
mechanical, 527
superconductive, 672
Hardening:
age, 541
dispersion, 557
flame, 551
induction, 551
martensite, 547
precipitation, 541
second phase, 541
solute, 529
strain, 530
Hardness, 64
Hardness:
Brinell, 64
maximum, 548
Rockwell, 64
Vickers, 64
Harmonic motion, 78
Harmonic oscillator:
classical mechanical, 392
quantum mechanical, 393
Heat capacity:
at constant pressure, 160
at constant volume, 159
Heat flow:
steady-state, 155
time-dependent, 154
Heat of:
fusion (melting), 161
data, 161
sublimation, 161
vaporization, 161
data, 161

687
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Heat treatment, 168
of steel, 168
Helical chain, 313
Henry, 99
Heterogeneous nucleation, 421
Hexamethylenediamine, 320
High current-carrying superconductors,
673
Hindered rotation, 313
Hole, 586
Home permanent, 332
Homogeneous nucleation, 421
Homogenization, 452
Homopolar, 203
Honeycomb, 359
Hooke’s law, 36
Housing, 51
Hund’s rule, 635
Hybridized orbitals, 210
Hydrogen atom:
Bohr radius, 185
energy levels, 194
quantum numbers, 195
Hydrogen bond, 217
Hydrogen bonding, 217
in nylon, 321
Hydrogen-like atom, 196
energy levels, 196
wave functions, 197
Hydrogen molecule, 209
Hysteresis curves, 126
examples, 173
Hysteresis loss, 129

Ice, 218
Ideal gas, 369

law, 373

temperature scale, 373
Impact toughness, 67
Imperfections, 267

references, 294
Impressed potential, 503
Impurity atmospheres, 530
Indices, Miller, 243
Indifferent point, 440
Induced currents, 132
Induction effect, 216
Induction hardening, 551
Induction, remanent, 126
Induction, saturation, 126
Injection efficiency, 610
Insulator, 109
Insulators, electrical, 102

Interatomic distances, 212, 253, 254
Interfacial angle, 233
Interfacial energy, 299, 347, 422, 447
Intergranular corrosion, 498
Internal damping, 80
Internal energy, 159, 380
Internal field, 632
Internal friction, 80
Internal resistance, 495
Internal stresses due to quenching, 465
Interplanar spacings, 245, 300, 301
Interstitial compounds, 260
examples of, 260
Interstitial impurity, 254
Interstitial solid solution, 268
Intrinsic, 411
Intrinsic semiconductor, 107, 593
Invariant points, 446
Inversion center, 263
Inversion operation, 263
Inversion point, 446
Ionic, 204
bond, 204
conductivity, 412
diffusion, 411
radii, 206, 256
radii, data, 257
Ionization energies for solutes in semi-
conductors:
data, 598
theory, 597
Ionization potential, 183
data, 201
Iron:
carbide, 459
crystal structure, 239, 241, 254, 459
ferromagnetic domains, 26, 342
ferromagnetic properties, 128, 130,
133, 135, 635
in cast iron, 467
in steel, 460
polycrystalline, 26
solution with carbon, 268, 459
Island structure, 300
Isotactic, 311
Isotope effect, 660
Isotropic, elastically, 41

J

Jogs, 409

Jominy test, 550

Joule, 99

Junction transistor, 608



K

Kelvin equation, 420
Kinetic behavior, 380
Kinetics, 170

L

Lamellar structure, 353, 447
Laminates, 359
Langevin function, 627
Large-angle grain boundaries, 279
Large-scale integration, 608
Laser, 612
Lager, ruby, 613
Lattice, 235
coordinates, 239
parameters, 236
data, 241
vector, 236
Laue method, 291
Level, energy, 185, 613
Lever rule, 439
LiBr-LiCl phase diagram, 440
Light waves, 182
Limit properties, examples, 173
Line defects, 267
Line tension, 541
Linear behavior, 36
Linear conservative properties, 172
Linear dissipative properties, 173
Linear polymers, 304
Linear relationship, 36
Linear thermal expansion coefficient, 152
Liquidus, 436
Local equilibrium, 428, 429
Lodestone, Fe;0,, 224, 637
Lodex, 646
Long-range interaction, 208
Loop, hysteresis, 129, 173
Lorentz force equation, 96
Loss angle, 80
Loss angle, relation to:
fractional decrease in amplitude per
cycle, 81
fractional decrease in stored energy
per cycle, 81
Q-factor, 83
relaxation time, 60
resonance amplification, 82
resonance peak width, 83
Losses:
dielectrics, 112
magnetic hysteresis, 129
mechanical, 80

Index 689

Losses (Contd)
ohmie, 101
Lucite, 316

M

Machining, role of plastic deformation,

Macroscopic, 30
Macrostructure, 341
Madelung constant, 207, 228, 229
Magnesium oxide:

crystal structure, 206

dislocation in, 543

melting temperature, 164

polycrystalline, 27

refractory, 164

with nickel oxide, 435
Magnetic bubbles, 651

motion of, 653

reference, 654
Magnetic dipole moment, 222
Magnetic induction, 96

generated by magnetic dipole, 629
Magnetic materials, references, 143
Magnetic oxides, 133, 633, 650
Magnetic quantum number, 195
Magnetic saturation, 127, 224, 628
Magnetic susceptibilities:

diamagnetic, 623

data, 623

paramagnetic, 628
Magnetic susceptibility, 124
Magnetism:

antiferro-, 636

dia-, 621

ferri-, 636

ferro-, 632

para-, 624
Magnetization, 127, 223
Magnetocrystalline anisotropy, 642
Magnetocrystalline energy, 642
Magnetostatic energy, 639
Magnetostriction, 133, 640
Magnets:

hard, origin, 645

soft, origin, 648
Majority carriers, 600
Martensite, 462

finishes temperature, 463

lattice parameter, data, 462

starts temperature, 462

tempered, 465

transformation, 464

examples, 465
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Masking, 418
Materials balance, 439, 470
Materials science, 4
outline of, 52
Matrix, 545
Maximum energy product, 134
data, 135
Maximum hardness, 548
Mean free path, 376
gas molecules, data, 377
Mechanical properties:
data references, 86
references, 86
Meissner effect, 138
Melting temperature, 163
data, 164
fraction of, 163
of interstitial compounds, 260
of polymers, 307
Membrane, semipermeable, 309
Mer, 303
Metallic bonding, 213
Metallography, 342
references, 365
Metals, 101
Metastable, 347
structure, 171
Metastable structures:
age precipitation hardened solids, 456
cold worked solids, 65, 554
copper, in air, 170
cored structures, 452
diamonds, 170
eutectic structure, 447
eutectoid structure, 460
grain boundaries, 347, 555
iron carbide, Fe;C, 458
martensite, 461
p-n junction, 617
pearlite, 460
supercooled solids, 454
Methane molecule, 211
MgO-NiO phase diagram, 435
Mica, 110, 114, 259
Microscopic, 30
Microduplex structure, 28
Microelectronics, 17, 45
Microelectronics technology, reference,
419
Micrograph, 342
Microscopy references, 365
Microstructure, 341
Microstructure, effects on:
current carrying capacity of supercon-
ductors, 672
hardness of magnetic materials, 645
mechanical strength, 527

Microstructures:
Alnico-V, 647
dislocation tangles, 537
domains in BaTiO;, 346
domains in iron, 26, 342
filamentary composite, 29
fluxoids in superconductors, 670
foam, 29
lamellar structures, 28
magnetic bubbles, 651
martensite, 464
microduplex structure, 28
polycrystalline iron, 26
polycrystalline MgO, 27
precipitates, 457
spherulites, 27
voids, 344

Miller indices, 243

Miller-Bravais indices, 246

Minimum radius ratio, 257
data, 258

Minority carriers, 600
lifetime, 600

Mixed state, 667

Mobobility, 568

Modulus:
origin of, 513
shear, 40
Young’s, 36

Molality, 483

Molecular:
architect, 45
beam experiments, 372
diameter, data, 379
solids, 214
speeds, data, 372
velocity distributions, 372, 427
weight, 307

Mooney’s equation, 561

Mott-Nabarro force, 541

Multiphase materials, 353

Multiple slip, 531

N

NaF-MgF. phase diagram, 445
Natural frequency, 78

Natural rubber, 318

Nb;Sn, 139, 140, 673

Necking, 62

Neoprene, 318

Nernst relation, 412
Network-forming ions, 287
Network-modifying ions, 287
Network polymers, 325



Newton, 99

Newtonian fluid, 75

Newton’s equation of viscosity, 377

Niobium, 137

Nitriding, 527

Noble coatings, 501

Nodular cast iron, 468

Nominal strain, 34

Noncentrosymmetric crystals, 263

Noncrystalline materials, 354

Nonequilibrium structures, (see metasta-
ble structures)

“Nonmagnetic’’-magnetic phase dia-
gram, 128

Nonstoichiometric compounds, 271

Normal stress, 34, 38

Normal-superconductive phase diagram,
137

Notch sensitivity, 67

n-p-n junction transistor, 608

Nucleation, 420

references, 424
Nylon 66, 320

o

Octahedral

coordination, 251

planes, 245

void, 251
Ohm, 99
Ohm’s law, 100
One-dimensional particle in a box, 191
1-4 addition, 315
Order of the reflection, 290
Ordered solid solutions, 269
Organic acids, 319
Orientation effect, 215
Orientation:

electric dipole, 631

grain, 649

magnetic dipole, 624

preferred, 350
Orlon, 311
Orthoferrites, 650
Osmotic pressure, 309
Overaging, 456, 556
Overvoltage, 494
Overvoltage, hydrogen, data, 493
Oxidation, 415

potentials, 486

rates, 416, 427

reaction, 481
Oxygen concentration cell, 496
Oxygen starvation, 497

Index 691

P

Packing in crystals, 247
references, 293
Packing imperfections, 267
Parabolic diffusion equation, 401
Parabolic growth law, 416
Paramagnetic, 124
Parameter, lattice, 236
data, 241
Particle in a box:
one-dimensional, 191
two-dimensional, 191
three-dimensional, 192
Particle in a box problem, 192
Particle in a box with infinite walls, 571
Particle strengthening, 541
Passivation, 502
Passive, 502
Pauli exclusion principle, 199
Pauling’s rules, 259
Pb-Sn phase diagram, 442
Peak width, 83
Pearlite, 460
formation, 460
strength, 544
Peierls-Nabarro stress, 526
Peltier coefficients, 167
Peltier effect, 167
Penetration depth, 665
Peptide linkage, 330
Percent:
atomie, 441
weight, 441
Percent reduction in area, 63
Peritectic, 446 .
Peritectoid, 446
Permanent dipole, 215
Permanent magnets, references, 654
Permeability:
coefficient for fluid flow, 77
coefficient, magnetic, 122
flow in polymers, 413
data, 414
initial, 126
maximum, 126
Permittivity of vacuum, 109
Phase, 268, 353
Phase compositions, 437
Phase diagram, 431
Phase diagrams:
Al-Cu, 454
carbon-diamond, 431
C-Ni, 433
Cu-Au, 441
Cu-Ni, 451



692 Index

Phase diagrams (Contd) Polymer molecules (Contd)
Fe-C, 459 nylon, 320
Fe-Fe;C, 459 phenolics, 325
LiBr-LiCl, 440 polyethylene, 303
MgO-NiO, 435 polyisoprene, 315
NaF-MgF,, 445 protein, 330
‘“nonmagnetic’’-magnetic, 128 silicones, 322
normal-superconductive, 137 Teflon, 314
Pb-Sn, 442 vinyl compounds, 310
references, 473 Polymer structures:
Phase relationships, 438 folded chain crystals, 326
Phase transformation, 419 fringed micelle, 327
Phase transformations, 474, 424 spherulite, 327
Phenol, 324 Polymerization:
Phenol-formaldehyde plastic, 325 addition, 303
Phenolic, 325 condensation, 320
Photons, 182 degree of, 307
Piezoelectric effect, 119, 264 Polymers:
inverse, 119 addition, 303
Piezoelectric frequency, reference, 120 amorphous, 306
Piezoelectric motor, 121 branched, 304
Pileup, 522 condensation, 319
Pinning force, 529 copolymers, 318
Pitting, 497 crystalline, 326
Planar density, 247 linear, 304
Planck’s constant, 182 network, 324
Plane defects, 267 references, 332
Plane lattice, 235 rubber-like, 315
Planes: thermoplastic, 326
crystal, 243 thermosetting, 326
slip, 523 vinyl compounds, 310
Plastic deformation, 35, 59 Polymorphism, 254
Plastic flow, 523 Polypeptide chain, 330
Plastic instability, 62 Polyphase materials, 353
Plexiglass, 316 Polystyrene, 311 .
Point defects, 267 Polytetrafluoroethylene, 314
Poise, 75 Polyurethane foam, 29
Poiseuille’s equation, 74 Polyvinylacetate, 311
derivation of, 93 Population inversion, 612
Poisson ratio, 60 Porcelain, 502
Polar groups, 318 Porosity effect on transparency, 343
Polarization, 117, 220 Portland cement, 360
induced, 221, 631 Potential:
orientation, 220, 631 electrode, 485
permanent, 118 impressed, 503
Pole mechanism, 464 ionization, 201
Polyacrylonitrile, 311 oxidation, 485
Polychloroprene, 318 Potential gradient, 97
Polycrystalline, 342 Powder metallurgy, 279
Polycrystalline aggregate, 347 Powder technique, 291
Polyethylene, 303 p-n junction, 602
Polygonization, 554 breakdown, 606
Polyisoprene, 314 rectifier, 605
stereoisomerism in, 317 solar cell, 606
Polymer molecules: thermoelectric effects, 607
cellulose, 329 Zener diodes, 606

neoprene, 318 Precipitation hardening, 542



Pre-exponential diffusion factor, 402
Preferred orientation, 350
Prepregs, 359
Pressure:
effect on ductility, 63
effect on viscosity coeflicient, 89
Pressure gradient, 77
Primary bonds, 203
Primitive cell, 235
Principal quantum number, 195
Probability density, 190
Property:
material, 32
object, 32
Properties:
chemical, 169, 479
electrical, 94, 566
magnetic, 122, 620
mechanical, 33, 58, 510
optical, 611
superconductive, 656
thermal, 151
Protection:
abragion, 362
corrosion, 361, 501
oxidation, 361
Protein, 330
PTFE, 314
Pulling from the melt, 338
Pyroceram, application of, 151
Pyroelectric effect, 165

Q

Q-factor, 83
Quality factor, 83
Quantitative microscopy, 363
Quantized electron gas, 571
Quantum number, 183
Quartz, 259, 265

applications, 119

thermal conductivity, 156, 158
Quenched, 168
Quenching, 454

R

Radial probability density, 196
Radiation damage, 47, 270
Radii:

atomic, 253

ionic, 257
Radius ratios for voids, 253

Index 693

Random:

chain configuration, 306

network, 284

substitutional solid solution, 268

walk, 403

references, 424

Real strain, 60

at fracture, 63
Real stress, 60
Recombination, 600
Recovery processes, 556
Recrystallization, 555
Rectified, 605
Reduction in area, 63
Reduction reaction, 481
Reflection microscope, 342
Reflection planes, 263
Refractory materials, 163
Reinforced:

concrete, 361

metals, 357, 545

plastics, 355, 545
Relative permeability, 122

data, 133
Relaxation time, 80, 567

relation to loss angle, 80
Remanent polarization, 118
Repulsive potential energy, 204
Residual resistivity, 588
Resins:

thermoplastic, 326

thermosetting, 326
Resistance, electrical, 99
Resistivity ratio, 106
Resolution, size, 31
Resonance amplification factor, 82
Resonance frequency, 82
Reverse bias, 604
Rockwell hardness, 64, 550, 551, 552
Root mean squared diffusion distance,

403

Root mean squared velocity, 371
Rotation axis, 262
Rotoinversion operation, 263
Rubber:

hard, 315

soft, 315

synthetic natural, 315
Rubber-like materials, 315
Rust inhibitors, 503

S

Sacrificial anodes, 503
Sacrificial coating, 503
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SAP, 557
Saturation current density, 604
Saturation magnetization, 127
Saturation polarization, 117
Schmid’s law, 525
Schottky pair, 270
Schrédinger’s equation, 190
Screw dislocation, 275
Season cracking, 500
Secondary bonds, 215
Second-order transition, 659
Second phase strengthening, 540
Seebeck effect, 166
Segregation:
at grain boundaries, 281
coefficient, 469
during solidification, 470
in binary alloys, 468
Selection rules, 291, 301
Self-diffusion, 402
Self-inductance, 122
Seli-interstitial, 270
Semiconductors, 102
Semipermeable membrane, 309
Shear:
modulus, 40
strain, 39
strength, Frenkel’s model, 517
stress, 38
yield stress, 41
Sheet structure, 300
Short-range interaction, 207
Side chains, 304
Silica glass, 284
Silicates, 259
cristobalite, 283
double chain structure, 300
framework structure, 300
island structure, 300
sheet structure, 300
silica glass, 284
single chain structure, 300
tridymite, 283
Silicon:
band gap energy, 594
band structure, 590
charge mobilities, 595
crystal structure, 240, 241
diffusion of phosphorus, 417
electrical resistivity, 101
microcircuit technology, 5, 415
oxidation, 415
self-diffusion, 410
Silicone plastices, 322
Silicone rubber, 322
Silk, 331
Simple cubic crystal, 245

Simple harmonic motion, 78
Single chain silicate, 300
Sinter, 279
Sintered aluminum powder, 557
Sintered carbides, 546
Si03, 283
Si04%~ tetrahedron, 283
Slip, 523
direction, 523
planes, 523
system, 523
systems, in different materials, 524
Small-angle grain boundaries, 279
Small-angle tilt boundary, 279
S-N curve, 71
Snowflakes, 262
Soda glass, 287
Sodium chloride, 206
crystal structure, 254
structure, 206
Soft magnetic material, 130
data, 130
Solder, 354
Solenoid, magnetic induction in, 123
Solenoidal coil, inductance of, 122
Solid solution:
Interstitial, 268
ordered, 268
random, 268
substitutional, 268
supersaturated, 454
Solid state devices, references, 615
Solid state physics, references, 615
Solidus, 436
Solubility in polymers, 318
Solubility versus temperature, 387
Solution hardening, 529
Solution heat treatment, 168
Solution treating, 168, 454
Solutionizing, 454
Sommerfeld model of electrons in metals,
577
sp? orbitals, 265
sp? orbitals, 210
Space defects, 267
Space lattice, 235
Spacings, interplanar, 245, 300, 301
Spatial imperfections, 281
Specific heat, 160
of solids, Einstein theory, 395
paradox, 570
Specific stiffness, 72
Specific tensile strength, 73
Spectroscopy notation, 195
Spherulites, 327
Spontaneous emission, 611
Spontaneous magnetization, 632



Squareness ratio, 145
Stacking sequence, 248
Stainless steel, 466
austenitic, 466
corrosion properties, 489, 502
intergranular corrosion, 507
low temperature ductility, 69
Stable structure, 171
Standard oxidation electrode potentials,
485
data, 486
Standard oxidation potential, data, 486
Standard reference half-cell, 487
State function, 374
States of matter, 31
Steady-state diffusion, 400
Steel, 460
austenitic, 466
bainite formation, 461
Fe-Fe;C phase diagrams, 459
heat treatment, 168, 465
martensite formation, 461
pearlite formation, 460
Poisson’s ratio, 61
shear modulus, 43
tensile yield stresses, 44
Young’s modulus, 42
Stereoisomers, 311
Steric hindrance, 313
Stern-Gerlach experiment, 224
Stiffness constant:
cantilever beam, 32
coil spring, 41
rod in tension, 37
Stiffness to weight ratio, 72
Stiffness, specific, 72
Stimulated emission, 611
Stirling’s approximation, 384
Strain:
cnergy, elastic, 37
extension ratio, 33
hardening, 60, 531
hardening exponent, 62
hardening, origin, 535
nominal, 34
rate, 70, 558
real, 60
shear, 39
Strength:
creep, 538
data, references, 562
dielectric, 114
fracture, 511, 518
high-temperature, 533
specific tensile, 73
tensile, 62, 511
yield, 515

Index 695

Strength (Contd)

yield, data, 44

Strength of filaments, wires and whisk-

ers, data, 545

Strength versus microstructure, 527
Strengthening concepts, 527
Strengthening mechanisms:

at high temperatures, 553

composite, 528, 545

dispersed particles, 557

eliminate imperfections, 527

grain boundary, 538

lamellar structures, 544

martensite formation, 547

of piano wire (patented steel wire), 545,
565

of polymers, 559

of viscous matrices, 560

precipitates, 540

references, 562

second phase, 540

solute, 529

strain hardening, 535

Stress:

critical resolved shear, 525
normal, 34

real, 60

shear, 38

shear yield, 41
tensile, 34

tensile fracture, 41
tensile yield, 33
tensile yicld, data, 44
thermal, 151

units, 35

Stress concentration, 63, 521
Stress corrosion cracking, 499
Structure, 22

Strueture insensitive property, 43

examples, 174

Strueture sensitive property, 43

examples, 174

Styrene, 310

Subeells, 537

Substitutional solid solution, 268
Superconducting critical field, 137

data, 137

Superconducting critical tetnperature, 137

data, 137, 140

Superconductivity, origin

Type I, 667
Type 11, 667

Superconductivity, refercnces, 143, 674
Superconductor, 102

high field, 139
synthetic hard, 363
Type I, 138
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Superconductor (Contd) Thermal diffusion time, 154
Type 11, 139 Thermal diffusivity, 154

Supercurrent, 665 Thermal efficiency, 69

Supersaturated solid solution, 454 Thermal emf’s, data, 166

Supersaturation ratio, 421 Thermal expansion coefficient:

Surface area, 299 data, 152

Surface coatings, 361, 501, 502, 503 linear, 152

Surface energy, 278, 299, 420 volume, 152

Symmetry, 261 Thermal properties, references, 174
element, 262 Thermal shock, 151
operations, 261 Thermal stresses, 151
references, 293 Thermistor, 107

Syndiotactic, 311 Thermocouple, 165

Synergism, 355 data, 166

materials, 166
Thermodynamics, references, 424
T Thermoelastic effect, 165
Thermoelectric generator, 167
Thermoelectric power, 166

TD nickel, 558 Thermoelectric refrigerator, 167

T-2 tanker, 67 Thermometry, 373

Teflon, 314 Thermoplastic, 326

Temperaturg: i Thermosetting, 326
%2?;%%501, 159, 165 Thin magnetic films, 136

Tie line, 438
Time, relaxation, 80
Time-temperature-transformation curve,
549
Titinate, 118, 119, 345
Toughness, 64
impact, 67
of infinite rods, 64

gradient, 154

scale, 373
Temperature, effects destroyed by, 163
Temperature effects on:

creep rate, 69

engine efficiency, 69

impact toughness, 68

strain hardened materials, 65

viscosity coefficients, 75, 76 Trans configuration, 317

yield strength, 64 Transducers:
Temperature, exponential effects, 163 magnetostljxctwe, 134
Tempered, 168 piezoelectric, 119

glass, 527 Transformation kinetics:

martensite, 465 condensation, 419
Tempering, 465 eutectic, 447
Tensile strength, 62 martensitic, 461
Tensile stress, 34 nucleation, 419
Tetrafluorethylene, 314 pearlitic, 460
Tetragonal distortion, 530 precipitation, 453
Tetrahedral bonds, 210 solidification of alloy, 451
Tetrahedral coordination, 251 Transformations, 424
Tetrahedral silica units: eutectic, 443

amorphous, 285 eutectoid, 446

chain, 300 ferromagnetic, 128

double chain, 300 indifferent, 440

framework, 283, 284, 300 inversion, 446

island, 300 melting, 446

sheet, 300 peritectic, 446
Tetrahedral void, 251 peritectoid, 446
Thermal arrest, 475 superconductive, 137
Thermal conductivity coefficient, 154 Transformer sheet, 649

data, 155, 157, 158 Transistor, 608



Index 697

Transmission electron: Volume of formation of a vacancy, 386
micrograph, 24 Volume thermal expansion coefficient,
microscopy, 31, 277 152

Transition, ductile to brittle, 68 Vuleanization, 315

Transition temperature, ductile to brit-

tle, 68

Tridymite, 283 w

TTT curve, 549

Tunnel diode, 618 Water of hydration, 360

Water molecule, 210
Waterproofing of cloth, 323

U Wave function, 190
Wave vector, 579
Ultimate shear strength, theory, 515 Weber, 99
Ultimate tensile strength, theory, 511 Westro, 647
Uniaxially solidified eutectics, 450 Whiskers, 339, 358, 545
Unit cell, 235 references, 366
Universal gas constant, 373 size effect on strength, 358
White cast iron, 467
Wiedemann-Franz relationship, 175, 618
A4 Wires, 545
Work function, 578
Vacancies, 269 Work hardening, 60
Vacancy: Wurtzite, 256
energy of formation, 386 Wustite, 271
data, 387
energy of motion, 397
data, 308 X
volume of formation, 386
Valence band, 582 Xerography, 617
Valence electrons, 213 X-ray diffraction by crystals, 288
van der Waals bonds, 217 X-ray radiation, origin of, 226
van der Waals equation of state, 374 X-ray small angle scattering, 456
Velocity, drift, 568
Velocity of ideal gas molecules, 374
Vibration fatigue, 71 Y
Vibrational frequencies of atoms, data,
394 . .
Vibrations in solids, 395 Y§eld point, 59
Vinyl chloride, 310, 311 Yield stress:

in shear, 41
in tension, 35
Young’s modulus, 36

Vinyl compounds, 310
Viscoelastic behavior, 80
Viscosity coefficient, 75

data, 75
dependence on pressure, 89
dependence on temperature, 76 Z
derivation, for gases, 377
units, 75 Zener diode, 606
Viscous media, 74 Zeolite, 259
Void per atom ratio, 252 Zinc blende structure, 256
Void radius ratio, 252 Zone leveling, 473
Volt, 99 Zone refining, 472

Volume fraction rule, 545 references, 474





