
INDICE

G. Caglioti - Introduction to the Course pag. xv

Gruppo fotografico dei partecipanti al Corso fuoritesto

A. N. Goland - Recent studies of point defects in metals.

Selected topics.

1. Introduction pag. 1

2. Statisticalthermodynamics of defectsin equilibrium con-
centration ≫ 5

2.1. Formation and binding entropiesand enthalpies ≫ 5

2.2. Inclusion of impurities ≫ 8

3. Determination of defectparameters and configurations ≫ 9

3.1. Concentrations ≫ 9

3.1.1.Equilibrium concentrations ≫ 9
3.1.2.Nonequilibrium concentrations ≫ 13

3.2. Formation and binding energies ≫ 18

3.2.1.Thermodynamics ≫ 18
3.2.2.Positron annihilationapplied to vacancy studies ≫ 22

3.3. Annealing kineticsand rate theory ≫ 43

3.3.1.Introduction ≫ 43
3.3.2.Annealing of nonequilibrium concentrationsof

defects ≫ 44
3.3.3.Analysis of annealing curves ≫ 48
3.3.4.The general chemical-rateequation ≫ 52
3.3.5.Difficultiesin theinterpretationofreactionkinetics ≫ 52

3.4. Defect sitesand configurations ≫ 55

3.4.1.X-ray and neutron scatteringmethods ≫ 56
3.4.2.Channeling. Foreign-atom location ≫ 64
3.4.3.Lattice models of defects ≫ 69

4. Point defectsand elastic-propertychanges ≫ 74

4.1. Dislocationdamping and pinning ≫ 75

4.2. Bulk effect ≫ 77

4.3. Point-defectrelaxation ≫ 77



5. Point-defectmodels from radiationresearch and technology pag. 88

5.1. Radiation damage ≫ 88
5.2. Helium in metals ≫ 97
5.3. Void nucleationand growth in metals ≫ 110

1ST.H. Makch - Electron theory of vacancy formation energies

in terms of surface energies of metals.

1. Introduction ≫ 120

2. Relation between vacancy formation energy and surface
energiesfor simple metals ≫ 121

2.1. Jellium model ≫ 123

3. Relation between Ev and a for transitionmetals ≫ 124

4. Displaced chargeround vacancy and ≪thickness≫of electron
distributionat a metal surface ≫ 126

5. Preliminary discussionof effectsof lattice ≫ 127

6. Electrostaticmodel of interactionbetween charged defects ≫ 129

7 ≫ 129

Appendix ≫ 130

P. B. Hirsch - Dislocations and mechanical properties of

metals.

1. General properties ≫ 133

1.1. Introduction ≫ 133
1.2. The Burgers vector ≫> 135
1.3. Dislocationglideand climb ≫ 136

2. Elasticitytheory ≫ 137

2.1. General ≫ 137
2.2. Screw and edge dislocation ≫ 138
2.3. Image forces ≫ 141
2.4. Force on a dislocation ≫> 143
2.5.Interactionsbetween straightdislocations ≫ 143
2.6. Dislocationarrays ≫ 145
2.7. General dislocationloop ≫ 147
2.8. Self-stressand line tensions ≫ 148
2.9. Effectsof crystalanisotropy ≫ 151

3. Dislocationsin crystallattices ≫ 153

3.1. Dislocationdissociation ≫ 153
3.2. Slip systems ≫ 159
3.3. Latticefrictionstress ≫ 160



4. Applicationsto mechanical properties pag. 163

4.1. Yield stressin alloys ≫ 163
4.2. Flow stressin a work-hardened metal ≫ 167
4.3. Thermally activatedprocesses ≫ 169
4.4. Work-hardening in dispersion-hardenedalloys ≫ 170
4.5. Conclusions ≫ 177

J. C. Bilello - Dislocation interactions.

1. Introduction ≫ 181

2. Elasticdeformation ≫ 181

2.1. Brief review of linearelasticitytheory ≫ 181

2.1.1.Stress ≫ 181
2.1.2.Strain ≫ 184
2.1.3.Compatibility ≫ 185
2.1.4.GeneralizedHooke's law ≫ 186
2.1.5.Solution of the elasticproblem ≫ 188

2.2. Modulus defect ≫ 189

2.2.1.Measurement of Young's modulus ≫ 189
2.2.2.Modulus defect ≫> 191

3. Dislocatedcrystals ≫ 193

3.1. Concept of stressfield,energy and line tension of a
dislocation ≫ 193

3.1.1.Stressfield ≫ 193

3.1.2.Dislocationenergy―Line tension ≫ 196

3.2. Shape change for a dislocatedcrystal ≫ 198

3.2.1.Dislocationtensor ≫ 198
3.2.2.Evaluation of the dislocationtensor for a given

array ≫ 199
3.2.3.Curvature tensor ≫ 200

3.3. Elasticinteractionsbetween dislocations ≫ 203

3.3.1.Peach-Koehler (PK) force ≫ 203

4. Dislocationinteractionswith localizedobstacles ≫ 209

4.1. What is a localizedobstacle? ≫ 209

4.2. Dislocationbreak-away (diluteobstacles) ≫ 212

4.3. Dynamic interactionof moving dislocationswith random
array of localizedobstacles ≫ 215

4.4. Some experimental resultsfor Cu-1% Si crystals ≫ 218

4.4.1.Microstrainmeasurements ≫ 218

5. Dislocationdamping ≫ 223

5.1. Low-frequency mechanical hysteresis ≫ 223

5.2. Dislocation-phononinteraction ≫ 227

5.2.1.Granato-Liicketheory ≫ 227

6. Dislocationinteractionswith interfaces ≫ 233

6.1. Dislocationpile-up;plasticconstraint ≫ 233



J. Fbxedel - Surfaces and interfaces of metals.

Introduction pag. 241

1. Form of a free surface. Macroscopic study ≫ 242

1.1. Equilibrium forms. Surface tension ≫ 242

1.1.1.Isotropicsurfacetension ≫ 242
1.1.2. Anisotropicsurfacetension ≫ 246

1.2. Evolution towards equilibriumby thermal diffusion ≫ 249

2. Form of a free surface. Microscopicstudy ≫ 252

2.1. A simple model ≫ 252
2.1.1.Equilibrium form at 0 °K ≫ 253
2.1.2.Equilibrium form at T/0°K ≫ 254
2.1.3.Small deviationsfrom equilibrium ≫ 258
2'1.4.Large deviationsfrom equilibrium. Hysteresis ≫ 258

2.2. More realisticcases. Eelaxation. Eeconstruction ≫ 260
2.2.1.Normal relaxation ≫ 260
2.2.2.Parallelrelaxation ≫ 261
2.2.3.Eeconstruction ≫ 262

Appendix A ―Surface relaxation for the (lOO)-surfaceof a
simple cubic crystal ≫ 263

3. Phonons ≫ 264

3.1. Macroscopic long-wavelengthlimit. Eayleigh waves ≫ 264

3.1.1.Isotropiccase ≫ 264
3.1.2.Anisotropiccases ≫ 265

3.2. Microscopicstudy ≫ 266
3.2.1.General treatment ≫ 267
3.2.2.High-temperature surfacevibrationalentropy ≫ 269

Appendix B - Volume and surfaceinstabilitiesin a simple case ≫ 272

4. Electronicstructureof free surfaces ≫ 273

4.1. Self-consistentpotential ≫ 273

4.2. One-electronwave functions ≫ 275

4.3. Surface ≫ 276
4.3.1 ≫ 276
4.3.2 ≫ 276

4.4. Surface plasmons ≫ 278

4.5. Surface tension ≫ 279
4.5.1.Normal metals ≫ 279
4.5.2.Transitionmetals ≫ 280

5. Interfaces ≫ 283

5.1. Types of interfaces ≫ 283
5.2. Contact between two crystalsof the same phase. (Grain

boundaries.) ≫ 283
5.2.1.Geometry ≫ 283
5.2.2.Eole in plasticity ≫ 287
5.2.3.Measurements of grain boundary tension ≫ 287
5.2.4.Electronicstructure ≫ 289



5.3. Epitaxialinterfaces pag. 294

5.3.1.Geometry ≫ 294
5.3.2.Electronicstructure ≫ 295

G. Caglioti - An introduction to lattice dynamics.

1. Lattice dynamics as a connectionbetween atomic structure
and mechanical propertiesof metals ≫ 300

2. Experimental methods of neutron spectrometryforthe deter-
mination of the dispersionrelationsand the polarization
vectors of a crystal ≫ 301

2.1. The cross-sectionof a crystalforinelasticscatteringof
neutrons,as a responseof the crystalto thespectroscopic
stimulus(Q, ω) ≫ 303

2.2. Elements of latticedynamics ≫ 305
2.3. Interplanar force constants ≫ 307
2.4. Experimental methods of neutron spectrometry ≫ 308

3. A simplelatticedynamics model forthe evaluationof surface
energy for brittlefractureof simple cubic metals ≫ 310

4. Concluding remarks ≫ 314

S. Boffi - Lattice dynamics and Green's function approach

to crystal defects.

1. Lattice dynamics of a perfectcrystal ≫ 315

1.1. Equations of motion of a perfectcrystal ≫ 315
1.2. Symmetry propertiesof the atomic force constants ≫ 317
1.3. The cyclicboundary conditionand the reciprocallattice ≫ 319
1.4. The dynamical matrix ≫ 321
1.5. Normal co-ordinatesand phonons ≫ 323
1.6. Interplanar force constants ≫ 327

2. The latticeGreen's function ≫ 330

2.1. Thermal equilibrium ≫ 331
2.2. Response to an externalperturbation ≫ 332
2.3. The Green's function of a perfectlattice ≫ 335
2.4.Inelasticneutron scattering ≫ 339
2.5. The anharmonic crystal ≫ 344
2.6. The continuum model of the crystal ≫ 347
2.7. The Green's functionforlatticestatics ≫ 349

3. Lattice dynamics approach to point defects ≫ 351

3.1. Equations of motion with defect ≫ 352
3.2. Eesonance and localizedmodes ≫ 353
3.3. The Green's functionof an imperfectlattice ≫ 356
3.4. Latticedistortionby point defects ≫ 359
3.5. Defect formation energy ≫ 362
3.6. Defect migration energy ≫ 364



4. Lattice dynamics approach to extended defects pag. 366

4.1. Lattice distortion around a dislocation ≫ 367
4.2. The Peierls stress for a dislocation ≫ 369
4'3. Localized modes associated with a dislocation ≫ 373
4.4. Dislocation-phonon interaction ≫ 375
4.5. Surface energy for brittle fracture ≫ 378

V. Celli and V. Bortolani - Pseudopotential theory of defects

in metals.

Introduction: The general idea of a pseudopotential ≫ 387

1. Pseudopotentials in band theory ≫ 388

2. Atomic pseudopotentials and crystal pseudopotentials ≫ 392

3. The fittingof experimental data ≫ 399

4. The structural energy ≫ 404

4.1. Higher-order terms ≫ 407
4.2. Depletion hole and effectivemasses ≫ 408
43. Extension to transition metals ≫ 410

5. Point defects in metals ≫ 412

6. Stacking faults, dislocations and surfaces ≫ 422

G. T. Hahn - Mechanics and metallurgy of fracture.

1. Introduction ≫ 436

2. Criteria for crack extension and material toughness indices ≫ 439

2.1. Criterion for crack extension ≫ 439
2.2. Evaluating the strain energy release rate and fracture

energy Gc (or B) ≫ 443
2.3. The stressintensity factor ≫ 445
2.4. Evaluating Klc ≫ 449
2.5. The J-integral ≫ 450
2.6. The crack (tip)-opening displacement CODC ≫ 452
2.7. Relations among fracture mechanics toughness indices

and toughness values ≫ 453

3. The crack tip stress-strainenvironment ≫ 454

3.1. Properties of the linear elastic,near-tip stress field ≫ 456
3.2. Properties of the plastic zone ≫ 458
3.3. Properties of the region of large plastic stretch ≫ 459

4. Crack extension by cleavage ≫ 461

4.1. Brittle cleavage of single crystals ≫ 461
4.2. Ductile cleavage of single crystals ≫ 466
4.3. Cleavage crack extension in polycrystals ≫ 472



5. Crack extension by the fibrousmode pag. 475

5.1. Mechanism of fibrouscrack extension ≫ 475
5.2. Void nucleation ≫ 475
5.3. Void growth ≫ 478
5.4. The linking-up process ≫ 479
5.5. Metallurgicalfactorsaffectingfracturetoughness ≫ 482

G. Angelino - New approaches to experimental determination

of fracture mechanics parameters.

Introduction ≫ 491

1. Determination of fracturemechanics parameters on the basis
of the Lc concept ≫ 492

1.1. Theoreticalbackground ≫ 492
1.2. Comparison with Feddern's method ≫ 496
1.3. Experimental method ≫ 496
1.4. Experimental testsand results ≫ 497
1.5. Discussion ≫ 502
1.6. Final remarks ≫ 503

2. Determination of fracturemechanics parameters on the basis
of the Fv concept ≫ 504

2.1. Theoreticalbackground ≫ 504
2.2. Experimental testsand results ≫ 510
2.3. Discussion ≫ 513

3. Concluding remarks ≫ 513

G. Benedek - The dynamical approach to latticeinstabilities:

fracture and surface reconstruction.

1. Introduction ≫ 516

2. Dynamical aspects of latticeinstabilities ≫ 518

3. Fracture ≫ 519

3.1. The exp-exp interplanarpotential ≫ 519
3.2. The m-n interplanarpotential ≫ 521

4. Surface reconstruction ≫ 523

M. Mirabile - Optimization of mechanical properties of ma-

terialsvia A.E. studies.

1. Introduction ≫ 526
2. The A.E. technique ≫ 526
3. Materials characterization ≫ 527
4. Plastic-deformationmechanisms ≫ 529
5. Some aspectsof A.E. studiesof fracturemechanisms ≫ 535
6. Conclusions ≫ 536



H. C. Kim - Characterization of mechanical properties by

acoustic-emission techniques.

1. Introduction pag. 538

2. Experimental ≫ 541

3. Acoustic emissionin singlecrystals ≫ 542

3.1 ≫ 543

3.2 ≫ 544

3.3. Acoustic-emissionenergy releaseduring three stages of
work-hardening in NaCl and LiF singlecrystals ≫ 545

3.4. Acoustic-emissionenergyreleaseas a functionof disloca-
tion density ≫ 547

3.5. Size effecton the acoustic-emissionenergy releasein
singlecrystals ≫ 548

3.6. A new approach to acoustic-emissionenergy release
during work-hardening ≫ 551

4. Acoustic emissionin polycrystallinematerials ≫ 552

4.1. Experimental ≫ 553

4.2. Eesults ≫ 553

4.3. Discussion ≫ 557

5. Acoustic emissionin composites ≫ 559

5.1. Experimental. Specimen preparation and mechanical
testing ≫ 559

5.2. Eesults and discussion ≫ 559

5.2.1.Continuous tensiletest ≫ 559
5.2.2.Step-up microstraincyclingat cross-headspeed

of 0.05cm/min ≫ 560
5.2.3.Cyclingat constantload amplitude at cross-head

speed of 0.05 and 50 cm/min ≫ 561
5.2.4.Wave form analysis ≫ 565

6. Three stagesof acoustic-emissionenergy releaseduring cyclic
deformation ≫ 567

G. Kostorz - The study of structural defects by neutrino

scattering.

1. Introduction ≫ 571

2. Precipitatesand small-anglescattering ≫ 571

3. Diffusescattering ≫ 576

3.1. Short-rangeorder ≫ 576
3.2. Strainfields ≫ 579

4. Concluding remarks ≫ 582



P. Schiller, A. Schneiders and H. Nijman - Internal friction,

a means to study point defects. The system Nb+O+H.

1. Introduction pag. 585
2. The relaxation of point defects observed by internal friction ≫ 586
3. The possibleinterstitialsitesin the b.c.c.lattice ≫ 590
4. The motion of the interestitialsand the interaction with

stress fields ≫ 593
5. The relaxation spectrum in Nb loaded with different gases ≫ 594

6. Summary ≫ 600

G. Piatti - Preparation of new multiphase composites.

1. Introduction ≫ 602

2. Whiskers ≫ 603
3. Metallic composites reinforced with fibers ≫ 613
4. Metallic composites obtained by ≪in situgrowth ≫of the fibers ≫ 617

5. Eutectic reactions ≫ 619
6. Morphology and structure of the crystalsobtained by ≪in situ≫

growth of lamellae and filaments ≫ 628
7. Hypoeutectic or hypereutectic reactions(dendrites and cellular

macrostructures) ≫ 636
8. Other reactions ≫ 647
9. Conclusions ≫ 648

D. Birchon - Environmental influence on mechanical behaviour.

1. The responsibilityof the materials engineer ≫ 654
2. The effect of the environment on mechanical properties . . ≫ 655

3. The partition process ≫ 656
4. Strength, stiffness,hardness, toughness and fracture .... ≫ 657
5. Corrosion, corrosion-fatigueand stress-corrosion ≫ 657

6. Summing up ≫ 660


	page1
	page2
	page3
	page4
	page5
	page6
	page7
	page8
	page9

