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1. Conference Report 

The conference on "Fund amental Aspects of Di slo-
cation Theory" was held under the auspices of the In-

I 
~ stitute for Materials Research at the Gaithersburg 

Laboratories of the National Bureau of Standards on 
April 21-25 , 1969. 

The purpose of the Conference was to bring toge ther 
workers active in all fundam e ntal aspects of th e theory 
of dislocations to discuss, evaluate, and contribute to 
the current state of understanding of these defects in 
crystalline materials. 

The dislocation has been a s ubject of theoretical 
s tudy for so me 60 years, starting with the investigation s 
r eported by Volterra. In the las t 20 years there has been 
a s teady in crease in sophis ti cation of dislo'cation theory 
from the early almost intuitive models to current theo­
ries, which ran ge over a large portion of co ntinuum 
mechanics and solid state physics - from the non­
Riemannian geometry of the continuum to anharmonic 
calculation s of atomic config:urations and phonon 

[
' scattering. ~ 

A sustained interes t in dislocations has exis ted on ac-

[

< count of their anticipated applications, particularly to 
,mechanical properties of materials, but the study of 
di ~ l ocations has received an added impetus over th e 
las t 15 years by better correlations with experimental 
observations made possible by advances in suc h field s 
as electron mic roscopy and crystal growth. With this 
inc rease in experimental work recent conferences have 
been predominantly devoted to experimental results. 
~ e felt, therefore, that this was a suitable time for a 
conference whose scope was limited enough to allow 
some in-depth treatment of various theoretical develop­
me nts in the study of dislocations. 

A small closed conference of about sixty people 
was decided upon to insure a high degree of infor­
,mality and inte rac tion. However, towards the end of 

r our preparations the ge neral interest had exceeded 

our expectations, so that a little over one hundred 
participan ts with forty percent drawn from eightee n 
different foreign countri es fin ally took part; thi s pro­
duced a gathering of truly international character. 

The confere nce was organized into te n sess ions with 
over seve nty contributed papers; the abstracts of the 
papers are lis ted alphabetically following this report 
below. Each chairman organized the papers in his 
session according to his own views. Two panels 
punctuated the sessions; these provided some perspec­
tive on current opinion of dislocation theory and its 
relevance to practical proble ms by aiming at such 
questions as: "How far have we come?" and "Where 
do we go from here ?" The explicit agenda was as 
follows : 

1) Discrete Dislocations in Continuum Elasticity 
Chairmen: J. D. Eshelby a nd R. deW it 

2) Lattice Theories 
Chairman: R. Bullough 

3) Dislocation-Phonon Interactions 
Chairman: J. Lothe 

4) Applications of the Geometry of Dislocations 
Chairman: F. R. N. Nabarro 

5) Panel on Intrinsic Properties of Dislocations 
C hairm an: J. P. Hirth 

6) Field Theories , Part I 
Chairman : E. Krijner 

7) Field Theories, Part II 
Chairman: J. A. Simmons 

8) Thermally Activated Processes and Statistical 
Theories 

Chairman: A. Seeger 
9) Dislocation-Electron Interactions 

Chairman: R. Thomson 
10) Panel on Future Directions for Dislocation 

Theory 
C hairman: A. Seeger 
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Session Papers and Summaries 

1.1 Discrete Dislocations in Continuum Elasticity 

A. K. Head: Discrete Di slocations in Continuum 
Elasticity 

1. Lothe: The Image F orce on Dislocations at Free Sur­
faces. Comme nts on the Concept of Line Tension 

K. Mali~n: Stability and Some Characteristics of 
Uniformly Moving Dislocations 

G. P. Senkeckyj: Screw Dislocations in Inhomogeneous 
Solids 

D. 1. Bacon and P. P. Groves: The Dislocation in a 
Semi-Infinite Isotropic Medium 

D. Kuhlmann-Wilsdorf and R. F. Duncan: Theoretical 
Considerations on the Extension of 1/2 < llO) 
{1l1} Dislocations in isotropic FCC Metals into 
Shockley Partials 

1. Weertman, H. ·M. Berg, J. E. Bloom, H. Ishii, 
R. H . Marion, D. E. Pease, D. T. Spreng and 
J. B. Vander Sande: Subsonic , Supersonic, and 
Transonic Dislocations Moving on an Interface 
Separating Two Media of Differing Elastic 
Properties 

1. A. Simmons and R_ Bullough: Internal Stress and the 
Incompatibility Problem in Infinite Anisotropic 
Elasticity 

D. M. Barnett: Series Representations of the Elas tic 
Green's Tensorfor Cubic Media 

N. Louat: Some Problems Involving Linear Dislocation 
Arrays 

1. C. M. Li: Some Recent Results on Dislocation 
Pile ups 

E. Smith: The Behavior of an Elastic Solid Containing 
Distributions of Free and Fixed Dislocations 

M. O. Tucker: The Elastic Interaction Between Grain 
Boundaries and Screw Dislocation Pile-ups 

The session dealt with curre nt research in what may 
be called "classical dislocation theory," i.e. the theory 
formulated about 15 years ago in terms of linear 
elasticity. Two main points stood out: The concept of 
the force on a straight but finite dislocation segme nt , 
ana tne advantage of using the elastic Green's tensor. 
The force concept was used by one conferee to derive 
a surprisingly simple expression for the image force on 
a dislocation emerging at a free s urface, and by another 
to find a stability crite rion for a moving dislocation in an 
anisotropic medium. The power of the Green's tensor 
in three dimensions for anisotropic bodies was shown 
in the context of the general internal stress problem, 
and a related decomposition theorem (somewhat 

analogous to Helmholtz' theore m) was presented using 
projection operators. Then a convenient series repre­
sentation in terms of the aniso tropy factor of the 
Green's tensor for cubic media was given. This session 
was so crowded that several interesting papers could 
not be presented orally, but only discussed from the 
floor. 

1.2 Lattice Theories 

N_ W. Ashcroft: One Electron Theories of Cohesion on 'Y 

Ion-Pair Pote ntials in Metals 
A. A. Maradudin: Localized Vibration Modes As-

sociated with Screw Dislocations 
J. W. Flocke n and 1. R. Hardy: The Method of Lattice 

Statics 
H . Suzuki: Effect of Zero-Point Motion on P eierls 

Stress 
A. Englert , H. Tompa and R. Bullough: Point Defects 

and Dislocations in Copper 
M. Doyama and R. M. J. Cotterill: Atomistic Calcula­

tion of Dislocation in Solid Krypton 
A. Holzler and R. Siems: A Lattice Theory Model for 

Peierls-Energy Calculations 
R. Chang: The Interaction Between a Screw Disloca­

tion and Carbon in Body-Centered Cubic Iron Ac­
cordin g to an Atomic Model 

P. C. Gehlen, G. T. Hahn and A. R. Rosenfeld: The 
Structure of the < 111) Screw Dislocation in Iron 

") 

'-r 

Many of the mechanical and physical properties of 
di slocations can only be fully understood when we have 
knowledge of their core structure and energy. To obtain 
such information demands a priori knowledge of the 
cohesive energy of the crystal lattice, particularly 
when the atom configuration is far from that of the ,. 
perfect crystal. In addition the complex topology of the 
dislocation means that reasonable calculations are only 
possible if the cohesive energy can be represented in a 
simple spatial form, such as an analytic pair potential 
or a simple force constant model. 

The session was opened with a survey of the electron 
theories of cohesion in metals which was a critique of 
the physical validity of the use of ion-pair potentials in 
metals. The force constant models were the n discussed 
both in the dynamic situation of phonon scattering 
(flutter) and in the static situation for the harmonic 
static configurations- although the latter work was con­
fined to more elementary point defects. Subsequent 
discussion suggested that the early calculations of 
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Maradudin on the simple screw dislocation could now 
be usefully extended to a lattice statics s tudy of the 
edge dislocation. The problems involved in calculatin g 
the P eierls stress and the effects of zero point energy 
were discussed in relation to the various pair potential 
models and the session was concluded by a series of 
research contributions on dislocation s in copper, kryp· 
iton and iron. It was clear that with the rapid develop· 
ments in computer speed and capacity very ambitious 
lattice calculations are possible; however it was felt 
that emphasis should be placed upon the construction 
of physically valid interatomic potentials and not upon 

Y ambitious relaxation procedures. 

:.1,- 1.3 Dislocation - Phonon Interactions 

T. Ninomiya: Eigenfrequencies in a Dislocated Crys tal 
P. Gruner: Phonon Scattering by Dislocations and its 

Influe nce on the Lattice Thermal Conductivity and 
on the Dislocation Mobility at Low Temperatures 

P. G. Klemens: Phonon Scattering by Cottrell At· 
mospheres 

A. Seeger a nd H. Engelke: Draggi ng Forces on Moving 
Defects by Strain Field Phonon Scattering 

1. H. Weiner: Thermal Energy Trapping by Moving 
Dislocations 

1. A. Garber and A. V. Granato: Dislocation Resonance 
R. O. Schwenker and A. V. Granato: Dislocation Radia· 

tion 
C. Elbaum and A. Hikata: The Anharmonic Properties 

of Vibrating Dislocations 
W. P. Mason: A Source of Dissipation that Produces an 

Internal Friction Indepe ndent of th e Frequency 

This busy session dealt not only with conventional 
di slocation-phonon interactions but also took up the 
topic of dislocation drag. It was divided into four sub· 
sections, the first two of which treated conventional 
phonon scattering theories of fluttering and anhar· 
monic scattering. 

Dislocation fluttering, which occurs even in a har· 
monic theory , is produced by the effective inertia of a 
dislocation which causes impinging phonons to be scat· 
tered with a subsequent fluttering of the dislocation 
line. A review of the perturbations of the eigenfrequen. 
cies of a dislocated continuum was presented in this 
subsession and was related to fluttering for special 
dislocation configurations. 

The second subsession, which was devoted to anhar· 
monic scattering, contained two contributions. A 
review of scattering in the continuum was given with 
non·linear elastic effec ts take n into account. Par· 

ti cular attention was paid to the influence of dislocation 
configurations and boundary effects on the phonon con· 
tribution to thermal co nducti vit y. The second presenta · 
ti on was concerned with the a nharmoni c effects of Cot· 
trell atmospheres on thermal conductivity particularly 
afte r plastic deformation when thermal resistivity can 
be expected to change as the atmospheres reform by 
diffu sion. 

The third subsession turned to the topic of dissipa· 
tive drag on moving dislocations. Under this title are in· 
cluded such mechanisms as drag by kinks , impurities , 
or Peierls forces and accoustic radiation from rapidly 
moving dislocations. Though these topics are not 
strictly dislocation·phonon interaction processes, the 
similarity of techniques made the contributions par· 
ti cularly appropriate here. This s ubsession essentially 
extended into the fourth s ubsession which was devoted 
primarily to the different vibrating string models of 
di slocations, their experimental applications, and th eir 
correlations with di slocation drag. 

1.4 Applications of the Geometry of Dislocations 

W. Bollman: The Meaning of Dislocations in Crystal­
line Interfaces 

M_ H. Y 00 and B. T. M. Loh: Structural and Elastic 
Properties of Zonal Twin Dislocations 111 

Anisotropic Crystals 
S. Mendelson: Non-Planar Dissociation s of Disloca­

tions 
M. 1. Marcinkowski: Propagation of Glide Through In­

ternal Boundaries 
R. Thom son: Kinks , Vacancies, and Screw Dislocations 
W. F. Harris: Topologi cal Res tri c tion on the Distribu­

tion of Defects in Surface Crystal s and P ossible 
Biophysical Applications 

F. R. N. Nabarro: Disclinations in Surfaces 
M. Kle man: Aspects in Liquid Crystals Relevant to the 

Theory of Di slocations 
K. H. Anthony: Non-Metric Connexions, Quasidisloca­

tions and Quasidisclinations. A Contribution to the 
Theory of Non-Mechanical Stresses in Crystals 

R. de Wit: Linear Theory of Static Disclinations 

Under this heading there appeared mainly two top­
ics: interfaces and disclinations. The session started 
with a presentation of dislocations in crystalline inter­
faces. A generalized development of coincidence sites 
involving two arbitrary interpenetrating lattices was 
given using what amounts to the idea of modular 
arithmetic in each of the lattices . Generalized di sloca­
tions in interfaces were described in thi s contex t and 
the n further extended to include the concept of secon-
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dary dislocations or " super-dislocations" with frac­
tional Burger's vectors which occur in small atomic re­
peat patterns produced by lattice mismatches at inter­
faces; such patterns were beautifully illustrated by the 
use of Moire patterns_ It was then shown that such 
purely geometrical descriptions of interface disloca­
tions can often be used to calculate relative boundary 
orientations of two phase mineral systems by employ­
ing a geome tric measure whic h ought to vary monotoni­
cally with th e grain boundary energy_ It was suggested 
in subsequent di scussion that suc h an approach might 
be applied to predict martensitic habit planes for which 
there is currently only a strictly phenomenological 
theory. 

Disclinations , which have been under study in iso­
lated localities for some 10 years, were presented in 
their multifarious forms: in liquid crystals; on surface 
crystals - with possible biophysical applications - and 
in ordinary crystals , where their existence is subject to 
doubt. The discussion of these drastic defects certainly 
exposed their probable importance in systems of low 
cohesive energy. 

1.5 Intrinsic Properties of Dislocations 

Panel Members: J. P. Hirth, R. Bullough, R. 
deWit, C. Elbaum,J. D. Eshelby, P. Haasen, 
P. B. Hirsch 

The agenda of this panel was as follows: 
1) CORE STRUCTURES IN METALS: e.g_ 

Peierls Forces, Atomic Calculations, Non­
linear Elasticity, Adsorption, Faults (bcc), 
Anisotropic Elasticity. 

2) DISLOCATION DRAG MECHANISMS: e.g_ 
Damping, Inertial Effects, Electron Interac­
tions, Thermoelastic, Magnetic (domain wall). 

3) CORE STRUCTURE IN COVALENT AND 
POLAR MATERIALS: e.g. Jogs, Kinks, Dif­
fusion , Interaction with Conduction Elec­
trons and Holes , Interaction with Ionic De­
fects. 

4) EQUILIBRIUM CONFIGURATIONS: e.g. 
Disclinations , Dipoles, Junctions, Super and 
Unit Jogs , Grain Boundaries and Interfaces, 
Nodes , Fault Tetrahedra. 

5) CRITICAL CONFIGURATIONS: Cross-slip , 
Intersection, Bow-out, Peierls, Quasi-Peierls 
(bee). 

The difficult task of assessing the current status of 
dislocation theory was undertaken by the panel with 
skill and enthusiasm. 

The physical significance and problems associated 
with dislocation core studies were reviewed and 
particular attention was drawn to the dangers of using 
inadequate ion-ion potentials. It was suggested that 
meaningful calculations could now be made on alumi­
num - these would be particularly opportune in view 
of the recent electron microscope observations of 
core configurations in this me tal. The problem of 
ensuring complete stability for the body centered 
cubic lattice with its many possible fault planes was 
emphasized and a new "third neighbor" potential 

j 
1 

for Iron was presented and discussed. In view of our 
rather better knowledge of the interatomic poten- 'Y 

tials for the ionic solids it was suggested that more ef­
fort could usefully be put into core calculations in these 
materials. 

The various dislocation drag processes were 
reviewed and it was concluded that only one - the ther­
mo-elastic damping process - could safely be ignored. 
It was emphasized that the study of these drag 
phenomena necessitates a knowledge of both funda­
mental solid state physics and dislocation theory - a 
rare combination in one person. The only real hope ap­
pears to be for more relevant collaborative studies. The 
damping due to electron scattering was discussed at 
length and the theoretical issues distinguishing the two 
schools of thought on the subject were clearly 
delineated. Unfortunately the experimental correlation 
will not be completely clear until someone manages to 
perform low temperature ultra-sonic attenuation meas­
urements in body centered cubic metals. 

The relevance of disclinations to dislocation theory 
was also assessed. The consensus seemed to be that 
they were of much more philosophical than practical in­
terest; their energy would be too high in a real crystal. 
However, in pseudocrystals, such as that made by flux 
lines, in liquids , two-dimensional crystals, or thin foils, 
they might play an important role. The evolution of the 
name "disclination;' was revealed by Professor Nabar­
ro: "Well, I think this is just a typical piece of bogus 
history, but as I remember, F. C. Frank's account of it 
is that he used the word "disinclination." He then won­
dered if this was the wisest word, and consulted the 
Professor of English at the University of Bristol, whose 
name is forgotten, and he said he was disinclined to use 
that word." As a companion to the "wedge" disclina­
tion, the name "twist" disclination was proposed, in 
analogy with the well-established names screw and 
edge dislocation. Discussions followed on whether it 
would be worthwhile to find the stacking fault energy 
from anisotropic calculations of the self energy of 
stacking fault tetrahedra and on whether lattice statics 
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calculations could provide continuum theory with a 
be tte r di slocation core cut-off parameter , but no 
sati sfactory answers were given. 

. At thi s point the allotted time had bee n exh austed 
and the last point of the agenda was skipped. 

1.6 Field Theories: Part I 

E. Kroner: The Problem on Non-Locality In the 
Mechanics of Solids: Re vie w on Prese nt S tatu s 

E. Kroner and B. K. Datta: Non-Local Theory of 
c Elasticity for a Finite lnhomoge neous Medium - A 

Derivation from Lattice Theory 
I. A. Kunin and A. M. Wai sman: On Proble ms of the 

r K. K~~~~7°la~~~~~~:~:~~::~c~~n s tructi o n of Vari a-
tional Crite ri a for Plas ti c Manifo lds with S pecial 
Refere nce to the Theory of Yielding 

M. Mi~ i c u: Derivation of a Co ntinuum Theory of Dislo­
cations on the Basis of an Es tim ati ve Analysis of 
Cr ys tal Lattices 

R. Stojanovic : The Elas ti c Ge neralized Cosserat Con­
tinuum with Incompatible Strains 

D. M. Barnett: A Note on Admi ssible Solution s in 
Non-Local Elasticity 

C. Teodosiu: A Dynamic Theor y of Di slocations and its 
Applications to the Theory of the Elasti c-Plasti c 
Continuum 

C. Teodosiu and A. Seeger : Non-Linear Dynamic 
P roble ms for Anisotropic Elasti c Bodies in the 
Continuum Theory of Dislocations 

c.-c. Wang: On the Thermodynamics of Inhomogene­
ous Bodies 

C. S. Hartley and M. A. Eisenberg: Elasti c -Plastic 
Plane Bending of a Single Crystal 

S. I. Ben-Abraham: Generalized Stress and 
Non-Riemannian Geometry 

The s hortcomings of the characterization of disloca­
tions and more co mplex defects in crys tal latti ces by 
means of classical linear elas ticity are now accepted. 
Mos t of the papers in the firs t session on field theories 
were devoted to a re-examination of the transition from 
a model of an imperfect crys tal lattice to a continuum 

» theory encompassing more detailed and sophisticated l defect descriptions than are contained in the classical 
approach. 

Long range atomic interactions and lattice dispersion 
were discussed in the context of non-local continuum 
theory. In addition, the pitfalls in formulatin g non-local 

;- continuum theor y were clearly brought out. These dif-

fi culties arise from boundary effects in real finite 
bodi es and the apparent non-existence of Green's fun c­
tions in linear non-local theory when the E uler-McLau­
re n a pproach is taken. A possible method for avoidin g 
thi s latter diffi culty by using a formulation based on 
truncated Fourier transforms was also presented. 

The first session concluded with an attempt to com­
bine the techniques of continuously di stributed disloca­
tion with those of e ngineerin g plasticity to a model of 
simple glide in a s in gle crys tal. 

1.7 Field Theories: Part II 

T . Mura: The Elas ti c Field of Moving Di slocations and 
Disclin ations 

S . I. Be n-Abraha m: Kine mati cs of Co ntinuously Di s­
tributed Di s loca ti ons 

J. A. Simmons: A Geo me tri c Foundation for the Kin e­
ma ti cs of the Imperfect Continuum 

A. C. Eringen a nd W. D. Claus , Jr.: A Micromorphic 
Approach to Dislocation Theory and its Relation 
to Several Existing Theories 

N. Fox: On the Continuum Theory of Dislocations 

The second session was opened by two survey papers 
on dynamical fi eld theories of di slocations. Dyna mic 
theories are curre ntly in an earli er s tage of develo p­
me nt than the corres ponding theories of stati c 
character. Until recently , in fact , research has been 
se parated into general kin emati c theories of a geomet­
rical nature and linear elastic fi eld theories a nd the s ur­
vey papers presented were devoted to each of these two 
topics. 

New research trends are now appearing, particularly 
under the impetus of continuum mechanists who are 
being attrac ted to di slocation theory. Individual pa pers 
of thi s type were presented in both sessions on such 
topics as the a pplication of micromorphi c mechanics 
and ori e nted continua to developing a thermodynamics 
of the deforming dislocation continuum and on the 
non-linear elastodynamics of dislocations. Discussion 
on these topics included an interesting comparison of 
the oriented continuum approach with the 
micromorphic approach. The former e mphasizes 
se paration of the incompatible lattice distortions from 
the motion of the points of the continuum at whi ch th ey 
are defined , while the latter attempts to treat the con­
tinuum as a conglomeration of small ele ments with 
microstructure by introducin g inco mpatible deform a­
tions into each of these s mall ele ments. 
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1.8 Thermally Activated Processes and 
Statistical Theories 

W. Frank: Dislocation Dynamics in the presence ot a 
Multiple Spectrum of Thermally Surmountable 
Barri ers 

U. F. Kocks: Flow and the Arrhenius Equation in the 
Statistical Framework 

A. J. E. Foreman, P. B. Hirsch and F. J. Humphreys : 
Movement of a Dislocation Through Random Ar· 
rays of Point and Parallel Line Obstacles 

W. deRosset and A. V. Granato: Strain Rates in Dislo­
cation Dynamics 

M. S. Duesberry and P. B. Hirsch: On the Mechanism 
of Cross-Slip of Dislocations at Particles 

H. Engelke: Theories of Thermally Activated 
Processes and Their Application to Dislocation 
Motions in Crystals 

A. M. Stoneham: The Broadening of Resonance Lines 
by Dislocations 

R. O. Scattergood and U. F. Kocks: Dislocation Pair In­
teraction in a Finite Body 

M. Wilkens: Theore tical Aspects of Kinematical X-Ray 
Diffraction Profiles from Crystals Containing 
Dislocation Distributions 

J. Holder and A. V. Granato: Thermodynamic Proper­
ties of Solids Containing Dislocations 

The topics covered by this seSSIOn included in­
dividually thermally activated processes involving 
dislocations , the statistics of thermal activation, and 
the statistical properties of static distributions of dislo­
cations. The session wi.ls begun by an extensive exposi­
tion of the problem of analyzing the effective activation 
energy for dislocation motion in the presence of a 
statistical distribution of individual barriers of varying 
activation and back stress characteristics. Comparison 
was made between this theory and various other theo­
ries describing dispersion hardening, which have 
generally had the defect of being imprecise or essen­
tially athermal. Following two talks on thermally ac­
tivated processes, the broadening of resonance lines 
due to the strain arising from random distributions of 
static dislocations was discussed. This latter work sug­
gests a possible new experimental technique for prob­
ing the dislocation distributions in crystals; it also may 
provide information on "atmosphere formation" if the 
resonance centers are themselves mobile and migrate 
to the dislocations. 

1.9 Dislocations - Electron Interactions 

P. Haasen and W. Schroter: Charged Dislocations in 
the Diamond Structure 

C. Nourtier and G. Saada: Electronic Effects As­
sociated with Stacking Faults in Normal Me tals 

R. Thomson: Theory of Surface States on Stacking 
Faults 

C. Elbaum and Hikata: Interactions of Dislocation with 
Electrons in Metals 

C. Elbaum and R. R. Holmes: Electronic Energy States 
of Dislocations; The Case of Covalent-Ionic Solids '-, 

G. P. Huffman and N. Louat: Interactions Between 
Electrons and Moving Dislocations 

The electronic properties of dislocations in semi-con­
ductors have received considerable theoretical atten­
tion. The various models were initially discussed and 
it was clear that the old dangling bond description-at ! 

the edge of the extra half plane in the core of an edge 
dislocation in the diamond structure - provides an in­
adequate model to explain the recent experimental ob­
servations on such deformed materials. 

Two contributions on the topical and somewhat con­
troversial subject of electron scattering by dislocation J 
were presented. These treatments contrasted in both "I 
approach and results. The one approach using a Boltz­
mann formalism predicts the dislocation drag to be in- I 
versely proportional to the electrical resisti vity and ~ 
therefore to be temperature dependent - although the 
splitting of dislocations in fcc materials implies a small 
temperature dependence in that case. The alternate ap- " 
proach involves treating the distortion field of a moving 
dislocation as a phonon distribution and calculating the 
associated electron-phonon interactions. This approach i-' 

produces a drag independent of temperature for any 
crystal structures. Ultrasonic attenuation experiments 
at low temperatures have confirmed temperature inde­
pendence of dislocation drag in fcc materials , but more 
precise attenuation experiments are required in bcc 
materials to produce an experimental comparison of 
the above two approaches. 

The session concluded on the optimistic note that 
perhaps the time is ripe for at last attempting a rigorous 
quantum mechanical calculation for the electronic I 
states around a dislocation using such techniques as -~ 

those recently exploited by Calloway for point defects. 
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1 .10 Future Directions for Dislocation Theory 

Panel MeIllbers: A. Seeger, N. W. Ashcroft, A. C. 
Eringen, E. Kroner,j. Lothe, A. A. Maradu­
din , j. A. SiIllIllons 

Questions submitted to the panel were: 

1) What more can be done with classical con· 
tinuum dislocation theory? 

a) static vs dynamic formalisms 
b) discrete vs continuous di s tributions 
c) linear vs non·linear theories 

2) What are the prospects for fruitful interaction 
between the ideas of di slocation theory a nd 
modern continuum mechanics? 

3) What is the future for lattice calculations? 
a) static theories 
b) dynami c th eories 

4) Are there experimental techniques which can 
be employed to meas ure such mi crosco pic 
phenomena as couple-stresses, non-local ef· 
fects, di sclinations, and incompatibilities, .. . 
perhaps high resolution microscopy, .. . ? 

5) Can we extend old analogies or uncover new 
analogies be tween di slocation theory and 
other field theori es, particularly electromag· 
neti sm, hydro·dynamics, general relativity, 
quantum mechanics ... ? 

6) What are the pros pects for our furth er un· 
derstanding of thermally ac tivated proces­
ses? 

7) What qua ntum effects are likely to be impor· . 
tant in di slocation theory? Conversely , what 
is the hope of doing more meaningful quan­
tum calculations in di slocation theory? 

8) Give n an interatomic description , what is the 
bes t continuum approximation to it ? For in· 
stance: If a long-range two body pote ntial suf· 
fices in the atomic system what is the ap­
propriate continuum formalism? Or how may 
many body interactions be in corporated into 
a continuum framework? 

9) What are the prospects of producing a macro­
scopic plasticity theory based on meaningful 
microscopic parameters? How soon will we 
be able to contribute to technologically im· 
portant subjec ts such as fatigue, fracture , 
etc.? 

The final session of the Conference was de voted to 
what the Chairman called " futurology." 

In dealing with the future of classical continuum 
dislocation theory the need for more detailed descrip· 
tions of dislocation arrangments was strongly brought 
out. One approach suggested incorporating some of the 
ideas of statistical mechanics such as higher order cor· 
relation fun ctions for the dislocation distribution and/or 
thermal vibrations, e.g. by means of phonon represen­
tation s. The advantage of linear (local or non-local) 
th eori es over non-linear theories was pointed 
out- sin ce s uperposition allows one to use averaged 
quantItIes . Also, the power of Green's function 
techniqu es were discussed as well as the need for prac­
tical calc ulations of the ani so tropi c elas tic Green's ten­
sors. T he importance of the Inde nbom·Orlov approach 
of reducin g three-dime nsional elasti city problems to 
two dim e nsions was ques tioned and there was the feel· 
in g that atte mpts s hould be made to use this method. In 
co ntrast the defe nse was mad e for the use of non-linear 
continuum theory to treat physical proble ms where s uo 
perposition is violated - s uch as phonon scattering. In 
addition it was pointed out that higher order elastic 
constants are being measured experimentally and that 
it would be worthwhile using them. (One somewhat dif· 
ferent application suggested for higher order elastic 
co nstants was to get information on pair-forces in 
metals.) 

Whe n the panel turned to question two there was a 
query from the floor concerning the phys ical meanin g­
fuln ess of the "rather tre mendou s" amount of work 
going into th e continuum theory. One "continuumist" 
responded with : " There are so-called 'real' theories 
and ' unreal' theories. Then there are ' really unreal' 
theories and 'unreal real' theories. Now, continuum 
theory is the 'really unreal' theory; sometimes it is 
called 'phenomenological' in order to give an even more 
de precative name to it. " However , it was agreed that 
great possibility exists for fruitful interaction between 
di slocation physics and continuum mechanics. There 
is a need to directly develop continuum theories whic h 
are internally consis tent ; these theories, which put 
res tric tions on the form of the possible constitutive 
laws, will aid physicists in finding generalizations from 
microscopic to macroscopic phenomena. On the other 
hand it was felt that more dislocation physics should 
also be incorporated into the already existing theory of 
plasticity , so that the engineer would have available a 
better arse nal of practical theory as well as the 
know·how to make better materials. For instance, it 
was noted that a real crystal with a static di slocation 
dis tribution is very far from thermodynamic equilbrium 
so that correct th ermodyn ami c approaches are dif· 
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ficult. Thus it was concluded that simultaneous 
development of both approaches was desirable. 

Next was the question: What is the future for lattice 
calculations? This was quickly answered by one panel 
member: "The future is bright. . . " The major obstacles 
to overcome in computerized static lattice calculations 
are the choice of appropriate boundary conditions and 
a suitable interatomic potential. Calculations of the 
change in free e nergy due to dislocations (for deter­
mining Peierl's energy, for instance) and calculation of 
dislocation-phonon interactions were suggested as 
feasible research projects. 

With regard to experimental techniques for measur­
ing microscopic effects the panel concentrated on the 
non-local ones. These effects are likely to be important 
in piezo-electric and ionic crystals; furthermore it was 
suggested that information about the Fourier trans­
forms of the elastic constants might be obtainable from 

neutron spectroscopy or from measurements of circu­
larly polarized sound waves in acoustically active 

crystals. J 
Finally, turning to question eight, the panel noted 1 

that many calculations - such as phonon disper­
sion - can be carried out in reciprocal space without 
ever assuming a two-body potential. In fact, it was 
agreed that even though a two-body potential supple­
mented by a necessary volume dependent term was 
useful in many computer calculations, there is no 
reason for not expecting many-body interactions to be 
necessary in certain materials, such as some polyvalent 
metals. '1 

As with the first panel, lack of time necessitated 
skipping over some questions- in this case questions 
five, six, seven and nine. It w~s agreed that question -VI 
nine was of great technological importance. The 
session adjourned on the note that "futurology" was 
by no means exhausted in the two allotted hours. 

2. Conclusion 

This Conference ended with the expressed hope that 
it would be followed by another such meeting in about 
three years. Professors Elbaum, Haasen, and Hartley 
volunteered to pursue this project. 

The written proceedings, "Fundamental Aspects of 
Dislocation Theory," including the contributed papers, 

discussions, and panels, will be published as NBS Spe­
cial Publication 317. This Special Publication should 
appear in the spring of 1970 and will be available from 
the Superintendent of Documents, Government Print­
ingOffice, Washington, D.C. 20402. 
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Abstracts 
t Nonmetric Quasid iscl i na­

Nonmechanical 
Connexions, Quasidislocations and 
Contribution to the Theory of 

Stresses in Crystals. 
l tions. A 

r 

I 

l 

K.-H. Anthony 

Institut fur Theoretische und Angewandte Physik der Universitat,Stuttgart, Germany 

Nonmechanical stresses produced for instance by a temperature gradient or by an inte rnal mag­
netic field are related to an affine lattice connexion, which is non metri c with respect to the e lasti c met­
ric. The covariant derivative of the elastic metri c with res pect to the lattice connex ion is regarded as 
source·function for thi s kind of inte rnal s tresses. It may eas ily be determined from experimental data. 
The calculation of mechanical s tresses is based on thi s quantit y. 

Instead of describing non mechanical s tresses by a non me tri c lattice connexion we alternatively 
may use an elastic connexion whi ch is me tri c with respect to the elas ti c metri c. Into the elasti c connex­
ion there are involved the te nsors of quas ipl astic torsion and of quasidisclination·density , which are reo 
ga rded as source functions of non mechanical stresses. Both tensors are connected intimately. They are 
a natural ge neralization of the quasidislocation tensor in the linear theory of nonmechanical s tresses. 

From the theory of quasidisclinations we obtain the following statement: In general, non mechanical 
stresses cannot be eliminated so le ly by a dislocation movement. An additional distribution of crystal dis­
ciinations is necessary. 

One Electron Theories of Cohesion on lon-Pair Potentials in 
Metals 

N. W. Ashcroft 

laboratory of Atomic and Solid State Physics, Cornell University, Ithaca, New York 14850 

The single particle picture of cohesion in metals is briefly reviewed in the light of modern 
knowledge of their band structures. Periodic components in the electron density distributions (intimate· 
ly connec ted with the same band structures) are important in the determination of the effective potential 
between ions. 

In simple metals , defined to be those with tightly bound core states, the net binding of the metallic 
~tate is basically a remnant of a compe tition between kinetic (Pauli principle) and Madelung energies of 
ostensibly free conduction electrons. Various corrections (for corre lation, for exchange, e tc.) must be 
included, and the Madelung energy (which is normally appropriate to a uniform elec tron gas in a Cou· 
lomb lattice of point ions) can be modified as necessary for departures from Coulomb's law. T erms in the 
total energy a lso arise from periodic variations in conduction electron density; for perfect lattices these 
are naturally dependent on the ionic arrangement and will vary in importance from crystal structure to 
c rystal structure. Elec tronic density variations arising from disorde r (e.g. distributions of defects) also 
introduce corrections into total energy. 

The structurally dependent terms in the total energy can be evaluated to second order in the pseu­
dopotential: to this same order the total energy may be written as a sum over pair potentials between 
ions whose form is quite straight forward to evaluate. As with many inter·atomic potentials , the ion-ion 
potentials demonstate "hard·core" effects at small separation, and are rather weak at large distances. 

Extending the simple theory to transition metals or metals exhibiting additional band structure 
more akin to itinerant narrow·band behavior , can be carried through by incorporating Born·Mayer in· 
teractions between tight binding atomic states. This procedure is, of course, only valid in situations 
where the Bloc h method itself is applicable. While the core·core exc hange term approximate d by the 
Born·Maye r interaction is quite small in the simple metals it is appreciable for metals like Cu, Ag and 
Au, and in fa c t is basica lly responsible for fixing the equilibrium de nsit y. Its addition to the othe rwise 
"simple· metal" like ion pair potentials modifies the behavior at short range. 
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The Dislocation in a Semi-Infinite Isotropic Medium 

D. J. Bacon and P. P. Groves 

Department of Metallurgy and Materials Science, The University, Liverpool, England 

The d-is placement associated with an infinitesimal aislocation loop (displace ment dipole) or arbitra· 
ry orie ntation in an isotropic, semi·infinite elastic medium has been obtained , and on integration thi s 
yields the displacelPI'nt associated with a finite di slocation loop. The solution for th e infinitesimall~op 
has been obtained by findin g the relationship between point forces and dis placeme nt dipoles 1/1 an 1/1. 

finite medium , and using the same relations with Mindlin's solution for the point force in an elastic 
half·space. This approach leads to a rather simpler analysis than that of Ste ketee, and the express ions 
for the displacements of all the infinitesimal loops near a free ·surface are presented here for the first 
time. The solution is being used to study the stability of a prismatic dislocation loop on a glide prism of 
square cross·sect ion near a free surface. Preliminary results are presente d for the forces on the loop 
sides and changes in loop energy on rotation for the situation in which the Burgers vector is normal to 
the surface. 

Series Representations of th~ Elastic Green/s Tensor for Cubic 
Media 

D. M. Barnett 

Scientific Research Staff, Ford Motor Company, Dearborn, Michigan 48121 

Two representations for the cubic Green 's te nsor components as power series in the anisotropy fac­
tor u = 1 - (ell -e12) /2c, are developed, and first order corrections of anisotropy to the Green 's tensor 
and to the interaction e~ergy betw~en two "mec hanical" point defects are calc ula ted. It is s hown that 
the best successive approximation scheme is that whic h constructs the zeroth order (isotropic) approxi­
mation to the Green's te nsor by identifying the Lame constants A and p. as A = e 12, p.= e 44 . 

A Note on Admissible Solutions in Non-Local Elasticity 

D. M. Barnett 

Scientific Research Staff, Ford Motor Company, Dearborn, Michigan 48121 

In rece nt years considerable effort has been direc ted toward in corporating certain features of 
la tti ce mechanics within the frame work of a continuum description of deforming elasti c media. One 
such theory is non-local elas tos ta tics, develope d independently by Kunin , Krumhans l, and Kroner. 

The Kunin-Krumhansl non-local scheme is capable of reproducing lattice mechanics exac tly by 
assoc iating a truncated Fourier space with the non· loca l continuum. The Green's tensor, di slocations, 
and point defec ts may be treated rigorously within the framework of thi s forma li sm. 

Kroner 's non·local continuum is associate d with a reciprocal Fourier space which need not be 
truncated. It can be shown that thi s representation has meaning only if: 

(a) The non-local elastic moduli contain a delta function contribution, or, in lieu of tlus , 
(b) The only admissible body force loadings are those which are concentrated ove r a region larger 

than that over which the atomic cohesive forces are "appreciable." 
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Generalized Stress and Non-Riemannian Geometry 

s. I. Ben-Abraham 

Instituto Technologico de Aeronautica CTA, Sao Jose dos Campos, S. P., Brazil 

The general non·Rie man ni a n approach to the geometry of a solid with lattice defects is briefly 
discussed. Non·Riemannia n geome try is applied to the treatme nt of s tat ics. The "stress" curvature ten· 
sor has the meaning of a generalized stress te nsor with 27 co mponent , while the associated Einstein 
tensor re presents the class ical s tress tensor. The "stress" connexion expresses the generalized moment 
stress having 27 compone nts. It s tors ion tensor is the class ical couple s tress te nsor. 

The identities of the curvature te nsors are identified with the static equilibrium condi tions. Usi ng 
a Slress fun ction density instead of a metr ic tensor, it is shown tha t the equilibrium co nditions can always 
be ide ntically fulfill ed. A consiste nt theory involving lattice defec ts must necessaril y in volve also 
generalized moment s tresses and gene ralized stresses. 

Kinematics of Continuously Distributed Dislocations 

S. I. Ben-Abraham 

Instituto Technologico de Aeronautica CTA, Sao Jose dos Campos, S. P., Brazil 

The general non· Rie ma nnian approach to the geometry of a soli d with lattice defects is exte nde d to 
include the kinematics. The treatment is val id for both the motion of old defects and the creation of ne w 
o nes. The c hange in a geo metri c quantit y is described by a corres pond ing rate. The main quan tities 
dealt with are di s tortion ra tes, s tretc hing te nsors and connexion rates, and ne w quantities ca ll ed fluxi ons 
ar e introduced. In terms of these a fundamental kine matic law and continuity equations for the defect 
currents are se t up and are found to be consis tent with earli er results valid in special cases. 

The Meaning of Dislocations in Crystalline Interfaces 

w. Bollmann 

Battelle Institute, Advanced Studies Center, Geneva, Switzerland 

The exte nsion of the dislocation concept to arbitrary crystalline inte rfaces is discussed. It is s hown 
that invariance and continuity of the Burgers vector can be conserved and that in high angle boundaries 
the fun ction of the standard or prim ary di slocation is the delimitation of ranges of coordination between 
the two crystals. In ce rtain relative orie ntations where the superposition of the two c rys tals form s a 
hig hl y pe rioolc patte rn (whic h is e nerge ti cally favorable s uch that the crys tal tends to conserve it) a 
sli ght de viation from th at optimum pattern is corrected by a network of seconda ry di s loca tions. There is 
co mplete bal ance between the Burgers vectors of primary as we ll as secondary d isloca tions. 
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The Interaction Between a Screw Dislocation and Carbon in 
Body-Centered Cubic Iron According to an Atomic Model 

Roger Chang 

Science Center, North American Rockwell Corporation, Thousand Oaks, California 91360 

The interaction energy between carbon and a screw dislocation in body-centered cubic iron near 
the core regions of the dislocation was calculated atomistically using a pair-wise interatomic potential 
matching the elastic properties of the material. In order to avoid the use of the iron-carbon potential, it 
was assumed that the iron-carbon octahedron of the Johnson configuration (2 iron atoms separated by 
1.225 ao in the [100] direction and 4 iron atoms separ.ated by 0_958 ao in the (l00) plane, ao being the 
lattice parameter) remains undistorted whether it is present in a perfect or a defective latti ce_ Our first 
calculations yield, depending on site location, binding energies varying from 0.03 to 1. 96 e V. The binding 
energy is sensitive to changes in hydrostatic pressure and the estimated volume dependence offers a 
convenient interpretation of the strength-differential effect of martensitic steels via the nonlinear car· 
bon-dislocation interaction mechanism first proposed by Hirth and Cohen. 

Strain Rates in Dislocation Dynamics 

W. deRosset and A. V. Granato 

Department of Physics, University of Illinois, Urbana, Illinois 61801 

Since the success by Johnston and Gilman in relating yield phenomena in LiF to direct measure­
ments of dislocation velocities and densities. the Abv expression for the strain rale has been used almost 
exclusively, where A is the mobile dislocation density, b the Burgers vector. and v is the average disloca­
tion velocity. We note that there are cases for which the strain rate is independent of dislocation 
velocity. When the velocitv is large enough the strain rate is given in a simplified model by Abx, where 
x is the average distance traveled by a dislocation. The strain rate is eventually determined, then, by the 
rate at which new dislocations are created and not necessarily by the rate at which old dislocations ex­
pand or by the dislocation velocity. 

Linear Theory of Static Disclinations 

Roland deWit 

Metallurgy Division, National Bureau of Standards, Washington, D.C. 20234 

A brief review of compatible and incompatible elasticity theory is given. It is shown how dislocation 
theory was developed from classical compatible elasticity. Then disclination theory is developed from 
dislocation theory in an analogous way. The disclination and dislocation density tensors are defined from 
the plas tic deformation. The total deformation satisfies the classical condition of compatibility. By com­
bining these two concepts the geometric basic laws or field equations are found, which relate the elastic 
deformation to the defect content. The contortion or Nye curvature tensor is found to be a useful 
equivalent for the dislocation density. Weingarten's theorem motivates the generalization of the Burgers 
vector and the definition of the analogous rotation vector of disclinations. Finally th e dualism between 
the geometry of disclination theory and the statics of couple-stress theory, and the relation of disclina­
tion theory to "motor calculus" are pointed out. 
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Atomistic Calculation of Dislocation in Solid Krypton 

M. Doyama 

Argonne National Laboratory and University of Tokyo, Japan 

and 

R. M. J. Cotterill 

Argonne National Laboratory and The Technical University of Denmark, Lyngby, Denmark 

The elastic continuum theory treatment usually fails near the core of dislocations. Atomic calcula· 
tions of edge and screw dislocations in solid krypton were performed very successfully using a pairwise 
potential. In rare gases, the electron redistribution of the electron density is small , thus, this method is 
useful to study the properties concerning the core of dislocations. 

On the Mechanism of Cross-Slip of Dislocations at Particles 

• 

M. S. Duesbery* and P. B. Hirsch 

Department of Metallurgy, University of Oxford. England 

The effect of the misfit strain field upon the mechanism of cross-s lip of dislocations at impenetrable 
particles in two-phase alloys is considere d. The strain field is found to have a profound effec t of the ac· 
tivation energy for cross-slip. 

The Anharmonic Properties of Vibrating Dislocations 

C. Elbaum and A. Hikata 

Department of Physics, Brown University, Providence, R.I. 02912 

The anharmonic properties of vibrating dislocations are discussed in terms of the nonlinear 
stress-strain relation and of the higher harmonics of an ultrasonic wave generated when an initially 
sinusoidal wave propagates in a solid contairung (mobile) dislocations. The treatment takes account of 
both lattice and dislocation contributions to the anharmonic behavior of the solid. 

Estimates of the amplitude of the harmonics (these estimates have been confirmed experimentally) 
indicate that the lattice and dislocation components are comparable for the second harmonic and that 
the dislocation component is much larger than the lattice component for the third harmonic. Therefore, 
by investigating the third harmonic , it is possible to obtain detailed information on dislocation dynamics, 
without the com plications of the lattice contribution. 

·Now at Division of Pure Physics. National Researc h Council, Ottawa, Canada 
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Interactions of Dislocations with Electrons in Metals 

C. Elbaum and A. Hikata 

Department of Physics, Brown University, Providence, R.I. 02912 

Physical arguments are given to show that the inte raction of moving (vibrating) di sloca tions with 
condu ction electrons in me tals is independent of temperature. Calculat ions based on the assumption 
that the Fourier components of the di splacement fi eld of a moving dislocation can be treated as 
pseudo·phonons give the same result. These conclusions were confirmed by the results of recent experi­
ments. 

Electronic Energy States of Dislocations; The Case of 
Covalent-Ionic Solids 

C. Elbaum and R. R. Holmes* 

Department of Physics, Brown University, Providence, R.I. 02912 

It is shown that electronic energy bands are associated with dislocations in wide- band-gap, com· 
pound se miconductors. The eigenvalue proble m for the dislocation band edge is solved for CdS-type 
/C rys tals, and the occupauon of the band is calculated . The Fermi energy is then determined for crystals 
containing many deep-lying discrete levels as well as dislocation bands. It is predicted that when a 
crystal is illuminated with light of appropriate wavelength and increasing inte nsity, the thermal activa­
tion energy governing the elec trical conductivity passes through a serie s of e nergy plateaus which are 
equal to the e nergy of the discrete levels.ln a di slocation-free crystal, these plateaus are connected by 
step changes, while in a crystal with dislocations they are connected by broad transition regions. The 
above predictions have been verified experimentally. 

Theories of Thermally Activated Processes and Their Application 
to Dislocation Motions in Crystals 

H. Engelke 

Institut fur Theoretische und Angewandte Physik der Universitat, Stuttgart, Germany 

The rmally activated processes involving dislocations are usually treated by applying the theory of 
absolute reac tion rates and the string approximation of dislocation. In the fir st part of this paper the 
limits of valid ity of these treatm ents are discussed. A paper of T. Geszti is briefly revie wed in which it is 
shown that in processes involving point defects deviations from the rate theor y must be expected if the 
energy excha nge between defect and lattice waves is slow compared with the average time between 
jumps, e.g. if localized of quasi-local vibrations contribute essentially to the defect motion. It is pointed 
out that the localized modes of dislocations may also lead to deviations fro m the ra te theory. 

In the second part a treatment of the double kink relaxation (Bordoni relaxation) based on the 
Kramers-Brinkman diffusion theory of chemical reactions is give n. After showing that in f.c. c . metals 
the influence of the P eierls potential is so small that on di slocation loops only one kink pair must be con-

·Present address: Bell Telephone Laboratories , Whippany, N.J . 
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sidered explicitly whereas the remaining parts of the loops may be described by the string approxima­
tion diffusion equations for the loop motion are de rived_ Under certain conditions these equations are 
equivalent to a system of reaction rate equations_ Exact solutions of this system are not yet available_ 
However, the behaviour of disloca tion loops in the amplitude independent region of internal friction 
measurements may be extrapolated combining results of two limiting cases: a double well model and a 
simplified multi-well modeL 

The relaxation stre ngth a nd the preexponential factor of the relaxation time calculated have the 
same orders of magnitude as in measurements of the Bordoni peak_ The loop length dependence of the 
damping peak is in good agreement with neutron-irradiation measurements_ The characterisstic 
half-width of the Bordoni peak may partly be explai ned using loop length and stress distributions_ 

Point Defects and Dislocations in Copper 
A. Englert,* H. lompe 

Union Carbide European Research Associates, 95, Rue Gatti de Gamond, Brussels 18, Belgium 

and 

R.Buliough 

Theoretical Physics Division, A.E.R.E., Harwell, Didcot, England 

A new pair potential for copper has been constructed from a set of ten interpolated cubic polynomi­
als_ The form of the potential is s uc h that at short range it agrees with the usual Born-Mayer repulsive 
potential and is in sati sfac tory agreement with the available phonon dispersion data and the observed 
stacking fault energy and vacancy formation energy for copper. The potential has been used to study the 
atomic configuration associated with various point and line defects in copper. In particular, because of 
its fit to the s tac king fault e nergy, it provides a consistent result for the degree and nature of the dis­
sociation to be expected for an edge dislocation in copper. 

A Micromorphic Approach to Dislocation Theory and its Relation 
to Several Existing Theories 

A. C. Eringen 

Princeton University, Princeton, New Jersey 08540 

and 

W. D. Claus, Jr. 

Princeton University and Textile Research Institute, Princeton, New Jersey 08540 

Two separate continuum dislocation theories are presented; one dealing with static, incompatible, 
micropolar dislocations and disclinations , as encountered in initial stress problems , and the other with 
a dynamical theory of micromorphic solids containing continuous distributions of dislocations. 

Relationships between several continuum dislocation theories and micromorphic mechanics are 
established by providing extensions and new interpretations of the micromorphic theory_ First both 
micromorphic and micropolar theories of elastic solids are summarized, and then the theories of Kroner, 
Fox, and Berdichevskii and Sedov are discussed in some detail within this framework . In the last sec­
tion , by use of micromorphic kinematics, dislocation density, strain , and microstrain tensors are in­
troduced and constitutive equations are constructed. Together with the balance laws this constitutes a 
complete dynamical theory. The theory is intended for predictions of motions and micromotions of a 
solid containing dislocations undergoing elastic deformations. From the micromotion, the dislocation 
density and first stress moments can be calculated. 

·Visi ting Research Associate. Harwell, Summer 1968 
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The Method of Lattice Statics 

J. W. Flocken and J. R. Hardy 

Behlen Laboratory of Physics, University of Nebraska, Lincoln, Nebraska 68508 

The formalism of the method of lattice statics for treating the lattice distortions and the formation 
and interaction energies associated with a defect in a crystal is presented in detail. This approach 1s 
based on the Fourier transformation of the set of direct space equi libriu m equations to reci procal space. 
T his resu lts in a set of decoupled equations which can be explicitly solved for the Fourier amplitudes of 
the displacement fi eld which can then be found by Fourier inversion. A similar approach is used to ob· 
tain Fourier transformed expressions for the relaxation and interaction energies associated with the de· 
fect. 

The soll!tion of the equations of lattice statics for the Fourier amplitudes in the limit of small wave 
vectors gives expressions for the displacement field identical to those obtained from the theory of con· 
tinuum elasticity. 

Results are presented of recent applications of the method of lattice statics to find the formation 
energies of Schottky pairs in certain alkali halides. Strain fie ld displacements, relaxation energies and 
interaction energies associated with vacancies in Na and K are given. 

Lattice statics in its asymptotic form has been used to find the displacement field far from cubic 
point defects and double defects in a number of metals. Displacement profiles about vacancies in Na 
and K and about a double force defect in Cu are shown. A comparison of the exact lattice statics results 
to asymptotic results along the (111) direction in K shows that the elastic limit is only attained at about 
the 19th or 20th neighbor position from the defect. 

Movement of a Dislocation Through Random Arrays of Point and 
Parallel Li ne Obstacles 

A. J. E. Foreman 

A.E.R.E., Harwell, Didcot, England 

and 

P. B. Hirsch and F. J. Humphreys 

Department of Metallurgy, University of Oxford, England 

The motion of a dislocation through random arrays of impenetrable point and parallel line obstacles 
is considered. For impenetrable point obstacles the difference in line tension for edges and screws, and 
the elliptical equilibrium shape of the bowing·out loop are taken into account, and the yie ld stress for 
screws and edges is found to be the same. The results of a calculation of the effect of interaction 
between neighboring segments of the dislocation on the critical breaking angle and on the yield stress 
are presented. Computer calculations on the motion of dislocations through random arrays of parallel 
line obstacles s how that the dislocations move by the generation and motion oflarge " kinks." The yield 
stress is found to increase approximately linearly with the obstacle length. These calculations are rele· 
vant to and are compared with the hardening in the early stages of the work hardening curve of disper· 
sion hardened alloys containing small particles, in which rows of prismatic loops are formed at the parti· 
cles, which act as linear obstacles to the gliding dislocations. 
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On the Continuum Theory of Dislocations 

N. Fox 

Department of Applied Mathematics, University of Sheffield, England 

The kinematics of an oriented medium is di sc ussed with reference to the contiuum theory of dislo­
cations. The concepts of dislocation density , dislocation flux and s li p velocity are introduced and a cor­
responding constitutive theory is developed. 

Dislocation Dynamics in the Presence of a Multiple Spectrum of 
Thermally Surmountable Barriers 

W. Frank 

Max-Planck-Institut fur Metallforschung, Institut fur Physik, Stuttgart, Germany 

A theoretical treatment is given of the therma ll y act ivated motion of dislocations in the presence of 
dislocation barriers with different heights. The he ight of a barrier is allowed to depend on an arbitrary 
number of characteristic parameters (multiple obstacle spectrum). Under the assumptions which are 
usually made for the derivation of an Arrhenius equat ion for the slip rate Ii in the case of a uniform array 
of dislocation barriers , d is ca lcu lated for a multiple spectrum of barriers. It is found that even under 
these conditions the va lidity of an Arrhenius equation Ii = ao exp (- dGI kT) (ao = const., .iG = mean 
en thalpy of activation) is preserved. An application of the "spectrum theory" is discussed. 

Dislocation Resonance 

J. A. Garber and A. V. Granato 

Department of Physics, University of Illinois, Urbana, Illinois 61801 

At low te mpe ratures in insulators and superconductors, only reradiation of elastic waves should 
limit dislocation resonance. This effects has been calculated using Eshelby's expression for the reradia­
tion by analogy with radiation damping effects in the electromagnetic case. It is found that the 
resonance is very sharp, and still persists even when a random distribution of dislocation segment 
lengths is assumed. 

The Structure of the (111) Screw Dislocation in Iron 

P. C. Gehlen, G. T. Hahn, and A. R. Rosenfield 

Metal Science Group, Battelle Memorial Institute, Columbus, Ohio 43201 

The concept of a dissociated a/2 (11 1) screw dislocation has beell invoked to explain the slip 
behavior in bcc materials and particularly the asymmetry of the critical resolved shear stress. No direct 
experimental evidence of dissociation has been obtained, but the idea has received some albeit co n­
flicting support from discrete latt ice calculations of the atomic position s in the core. Chang, us ing iso­
tropic elasticity for a-iron, found that the disloca tion core has three very narrow intrinsic fault s. These 
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three taults are symmetric with respect to the screw axis. Bullough and Perrin, on the other hand, 
found that the screw is split with faults on two {1l2} planes belonging to the zone of the screw axis. 
The misfit is spread over a distance of about 3b. On the third {1l2} plane no splitting was found to occur. 

In view of these discrepancies, the calculations were repeated for anisotropic and isotropi c elastic 
boundary conditions and with different interatomic potentials. Excellent agreement was found with 
Chang's configuration even though a volume expansion term was added to the displacements associated 
with the dislocation. 

It was shown that the final configuration is strongly dependent on the position of the dislocation line 
with respect to the lattice and at least two metastable positions were found. Even though the atomic ar­
rangment is quite different, their energy is not more than 0.1 e V larger than the energy of the stable one. 

Using the Johnson potential unmodified for long-range electronic effects, the dislocation was found 
to have the following characteristics: core radius, 4-5.5 A; core energy, 0.20-0.25 eV per atomic plane; 
and an effective hole radius of 1.35 A. 

It was shown that the final configurations are rather insensitive to the model size and to the bounda­

ry conditions used. 

Phonon Scattering by Dislocations and its Influence 
on the Lattice Thermal Conductivity and on the 

Dislocation Mobility at Low Temperatures 

P. P. Gruner 

Boeing Scientific Research Laboratories, P.O. Box 3981, Seattle, Washington 98124 

On account of the large strains associated with dislocations, the superposition principle is violated. 
The resulting scattering of phonons limits the lattice thermal conductivity and leads to a friction force 
which acts on moving dislocations. The phonon-dislocation interaction is treated with non-linear con­
tinuum theory. Terms up to the third order in the strains are retained in the Taylor expansion of the 
elastic energy density. These third order terms contain the phonon-dislocation interaction and the nor­
mal three-phonon interactions. In the case of thermal conductivity, the transport problem is solved with 
the variational method which leads to a system of linear equations for the phonon occupation numbers. 
The coefficients of this system of equations contain all the information on the scattering mechanisms. 
The influence on the thermal conductivity of special dislocation configurations such as piled-up disloca­
tions and dislocation dipoles will be discussed. 

It will be shown that the friction force which acts on moving dislocations on account of the anhar­
monicity can be obtained from quantities that are known from the calculations of the phonon conductivi­
ty. A one to one correspondence between friction force and thermal resistance exists, however, only if 
the dislocation velocity is small compared with the sound velocity and if alI parts of the dislocation move 
with the same velocity. 

Charged Dislocations in the Diamond Structure 

P. Haasen and W. Schroter 

Institut fur Metallphysik, UniversitCit Gottingen, Germany 

The electronic states at dislocations in elemental semiconductors are reviewed in the light of new 
experimental and theoretical work. Evidence is produced for the existence of a one-dimensional energy 
band along edge as well as screw dislocations . This explains quantitatively their ability to act as donors 
as well as acceptors depending on temperature , doping, and dislocation density. The degree of charging 
has been recalculated from the free energy of a system of charged dislocations screened by free carriers. 
The dislocation charge limits the Hall mobility in addition to the strain field of the dislocation. Measure­
ments of photo conductivity of deformed semiconductors support the above model of the charged dislo­
cation. The dislocation charge influences the Peierls force and thus the mobility of dislocations in the 
diamond structure. The occupation limit of the neutral dislocation, measured from the valence band 
edge, lies at 0.09 eV in germanium, and at 0.3 eV in silicon. 
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Toplogical Restriction on the Distribution of Defects in Surface 
Crystals and Possible Biophysical Application 

W. F. Harris 

Department of Chemical Engineering, Institute of Technology, University of Minnesota, 
Minneapolis, Minnesota 55455 

Many thin biological structures such as some plasma membranes and viru s capsids appear to be 
made up of units packed in two-dimensional lattices_ Such structures are termed sUlface crystals. Dislo­
cations and disclinations are observable in some of these crystals . The perfect surface crystal is 
described by a pair of basic vectors and the conventional crystals by a triplet of basis vectors ; both are 
regarded as embedded in three-dimensional space_ This difference allows the existence of defects which 
have no counterpart in conventional crystals. The various defects are classified as local or global, intrin­
sic or extrinsic_ Surface crys tal~ that form closed surfaces are considered and it is shown that the sum 
of the rotation of intrinsic (sc re w) disclinations in them must equal 27TX where X is the Euler-Poincare 
characteristic of the surface. The biophys ical conseque nces are discussed briefly. 

Elastic-Plastic Plane Bending of a Single Crystal 

C. S. Hartley and M. A. Eisenberg 

Department of Engineering Science and Mechanics, University of Florida, Gainesvi"e, Florida 32601 

The elastic-plastic bending of a single crystal beam which deforms by single slip on a plane contain­
ing the axis of bending and in a direction normal to the axis of bending is analyzed_ Both continuum 
plasticity and dislocation approaches are used to obtain stresses and/or displacements in the elastic and 
plastic regions. The relation between the applied bending moment and the c urvature of the ne utra l axis 
is also obtained. The approaches are compared and correspondences between the two theories are 
discussed. 

Discrete Dislocations in Continuum Elasticity 

A. K. Head 

Commonwealth Scientific and Industrial Research Organization, Division of Tribophysics, 
University of Melbourne, Victoria, Australia 

As a framework in which to survey some of the current questions in this long-established part of 
dislocation theory, the problem of the experimental determination of stacking fault energy is considered. 
Attention is restricted to those methods which observe and measure in the electron microscope a simple 
di?location-stacking fault configuration. It is assumed that the configuration is in equilibrium with the 
forces between the dislocation balancing the surface tension of the stacking fault. The stacking fault 
energy then follows if these dislocation forces are known from theory for the observed dimensions of the 
configuration. 

Experimental techniques have improved to the point where a reproducibility of 1 to 5 percent stan­
dard deviation is claimed. This calls for theory which has at least a similar standard of accuracy. It is 
doubtful if the theory which is in current use has this accuracy and this is surveyed under the foll owing 
headings: a) The treatment of the core; b) Elastic' anisotropy; c) Zig-zag instabilities; d) The effect 
of the stacking fault; e) The observation of dislocations by electron microscopy. 
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Slightly Dissociated Dislocations 

R. Hobart 

Battelle Memoriall.nstitute, Columbus Laboratories, 505 King Avenue, Columbus, Ohio 43201 

A modified Peierls·Nabarro model is used to calculate the relation between the separation of par· 
tials and stacking fault energy for an idealized dislocation dissociated into two equal pure screw partials. 
The resulting expression agrees with the inverse dependence obtained by equating the e lastic repulsion 
of the partials to the attraction of the stacking fault , but unlike that result does not break down at zero 
separation. Also an argument is given that the width of such a dissociated dislocation should be con· 
sidered as a complex quantity , with the imaginary part corresponding to the separation of the partials. 

Thermodynamic Properties of Solids Containing Dislocations 

J. Holder and A. V. Granato 

Department of Physics, University of Illinois, Urbana, Illinois 61801 

Using thermodynamics and elasticity theory, a unified treatment of the changes in the ther· 
modynamic properties of solids containing dislocations is given. The results are expressed in terms of 
te mperature and pressure derivatives of the formation energy of the dislocations. The required pressure 
and temperature dependence of the energy is given by the measured pressure and temperature depen. 
dence of the elast ic constants appearing in the energy expression found at zero pressure and tempera· 
ture. The method is not restricted to calculations of volume changes, or to isotropic, static or even elastic 
systems at zero pressure. Changes in entropy, specific heat, thermal expansion and bulk modulus due 
to dislocations are easily calculated. 

A Lattice Theory Model for Peierls-~nergy Calculations 

A. Holzler and R. Siems 

Institut fur Theoretische Physik C der Technische Hochschule, Aachen, Germany 

A lattice theory model for a screw di slocation is di scussed which is s imilar to that of Maradudin. For 
the forces between neighbouring rows of atoms, however, a sinusoidal , not a linear, dependence of their 
re lative di splacemen ts is assumed throughout the whole lattice. The di splacements are expanded about 
the elas ti c theory values. The conditions of equilibrium then yield a sys te m of linear equations for the 
deviations of the di s placements from the elasti c theory values, whic h is solved by an iteration procedure 
making use of Green's Function for a plane square lattice. For a number of points in the vicinity of the 
source point and for points in certain symmetry direc tions simple exact analytical expresssions for the 
latter are derived, for points at larger di s tances an asymptotic expansion is given. The di splacements 
thus obtained are then used to calculate the energies of the disloca tion at the position of minimum ener· 
gy and at the saddle point and their difference, the Pe ierls energy, by direc t summation of the interac· 

tion energies of neighbouring pairs of atoms. 

536 

.' , 



{ 

Interactions Between Electrons and Moving Dislocations 

G. P. Huffman and N. Louat, 

Edgar C. Bain Laboratory for Fundamental Research, U.S. Steel Corporation Research Center, 

Monroeville, Pennsylvania 15146 

A moving di slocation in a metal induces an electri c fieid which causes currents in the conduction 
electron gas. Th e ene rgy d iss ipation assoc iate d with these fields and current.s is calculated from the 
Boltzmann equation in a manner an alogous to theories of acoustical attenuation. It is found that the ap· 
plied stress required for s t.eady motion is proportional to the dislocation velocity divid ed by the electrical 
resistivity, in good agree me nt with low te mperature yield and flow stress measure me nts on bcc metals . 
The concept of a large elec tronic component of drag which increases with decreas ing te mperat.ure is 
used to give a qual itative explanation of the observed mechani cal properties of bbc metals . When one 
considers elec tronica lly damped disloc ations impeded by pinning point s , it is found that: 1) t.h e di sloca· 
tion velocity de pend s only on the mean strength of the pinning obstacles; 2) the stress required to ove r­
come an obs tacle dynamically is less than that. required statica ll y a nd is, in fac t, the electronic drag 
stress; and 3) the appare nt di slocatio n velocity s hould vary rapidly with appli ed stress. The d isplace­
me nt fi e ld of a di slocation is significantly wider and more gradual in a fcc than in a bcc latti ce, and thi s 
feature can be incorporat ed into the calculation by ass uming that the electronic sc ree ning of t he positive 
charge s hift of the di sloca tion is essentiall y perfec t in a fcc latti ce. The Boltzmann formation then gives 
a te mpe rature inde pendent s tress or drag coeffi cie nt in agree ment with experiment and wit.h Holstein 's 
scatte ring calculation. The proble m of a di slocation moving in an a pplied magnetic field directed along 
its length and perpendic ular to its direction of motion is also treated. Under suitable conditions it is 
found that the s tress or drag coeffi c ie nts exhibit oscillations of the cyclotron resonance type which could 
be as large as 10 to 30% of the ze ro fie ld values. 

Identification of the Dragging Mechanisms of Dislocations 

V. L. Indenbom 

Institute of Crystallography, Academy of Sciences, Moscow, USSR 

and 

A. N . Orlov 

Physico-Technical Institute, Academy of Sciences, Leningrad, USSR 

The results of direc t investigat.ion s of the di sloca tions move ment makes it poss ible to proceed to 
identification of the mechanis ms, cont.rolling mobility under diffe rent conditions and require some re vi· 
&i on of theoreti cal es timations of va rious mechani sms contribution. 

Inves tigations of high·s peed disloca t.ions a nd amplitude independ ent internal fri c tion yield data 
conce rning t.h e int e ns ity of e ne rgy diss ipation which can be explained by the transmission of an impulse 
from the di slocation to different branc hes of the spectrum of e le mentary excitation of the crystal: 
phonons , elec trons, exitons and others . 

Mos t reasonabl e estimations result from computations of the dynamic Peierls force. In case of even 
motion of di sloca tions certain phonon mechani sms do not provide th e observed dissipation rate. The ac­
cord between theory and experime nt improves to a greater extent if the oscillations of the dislocation 
fi eld due to its move ment across the P eierls reli ef are taken into account. 

As tempe rat.ure falls phonon proce sses are frozen out and elec tron mechanisms of dissipation are 
di splayed. Th eir contribution is clearly e xposed in case of superconductors. 

Excitations of inte rnal degrees of freedom of a dislocation corre sponds to another class of the 
dragging mechanis ms. Creation, movement and interaction of kinks, jogs and othe r ele me nts of the fin e 
s tructure of the di slocation core account for microgeometry of a di slocation and its dynamic prope rti es. 
Elementary mechani sms of thi s kind are observed in the spectors of internal fri c tion and can be 
analysed on the basis of the latest observations of dislocation mobility in semiconductors. 
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Aspects in Liquid Crystals Relevant to the Theory of Dislocations 

M. Kleman 

Laboratoire de Physique des Solides, Faculte des Sciences, 91 - Orsay, France 

A general theory of dislocations in a mesomorphic medium is outlined. On the basis of their sym­
met.ry properties, and of viscosity relaxation, it is first shown that perfect disinclinations in nematic 
crystals may take any shape, are restricted to straight lines in smectic crystals, and that both types exist 
in cholesteric crystals, where there are two possible axes of rotation. The second part is specialized to 
the case of cholesteric crystals, for which a mechanism of pairing of dislocations is proposed which al­
lows a multiple disinclination to take any shape, at the expense of a small increase of energy in the 
faulted ribbon. The observed magnetic instability of these pairs, which constitutes a strong evidence of 
the proposed model, is explained. 

Phonon Scattering by Cottrell Atmospheres 

P. G. Klemens 

Department of Physics and Institute of Materials Science, University of Connecticut, Storrs, Connecticut 06268 

The formation of Cottrell atmospheres can change the scattering of phonons by dislocations and in 
some cases substantially enhance the lattice thermal resistivity due to dislocations. The strength of the 
atmospheres can be changed by annealing. This changes thermal conductivity values at high tempera­
tures first, since diffusion through shorter distances is involved. The diffusion coefficient can be deter­
mined by means of such annealing studies. 

Flow and the Arrhenius Equation in the Statistical Framework 

U. F. Kocks 

Metallurgy Division, Argonne National Laboratory, Argonne, Illinois 60439 

The rate equation of plastic flow and a general work hardening law are combined into a single equa­
tion of flow. 1t degenerates into the Arrhenius law only under cert~in specified conditions. A single Arr­
henius t"r~ '''ith temperature insensitive pre-exponential (and entropy) terms adequately describes the 
rate dependence of dislocation motioll through a slip plane studded with obstacles of any spectrum of 
strengths and spacings. In this case, the mobile dislocation density in the slip plane generally does not 
enter the flow equation; only the density of slip planes does. 

A Non-Riemannian Construction of Variational Criteria for 
Plastic Manifolds 

with Special Reference to the Theory of Yielding 

Kazuo Kondo 

University of Tokyo, Tokyo, Japan 

The variational formalism is viewed not as an independe nt assumption but as a natural con­
sequence following from a more fundamental penetration into the recognition of nature and this is shown 
in regard to the static aspects of plasticity. The energy is defined as the necessary quantity for the 
geometrical construction. With the Riemannian and non-Riemannian picture, a bridge is sought 
between the theory of yielding and the theory of dislocations, as also between the theory of dual yielding 
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and theory of couple stresses. The standpoint of the theory of yielding and dual yielding is explained 
constitutively with a statistical construction to reconfirm the formulae which have been proposed. The 
meaning of the plastic constants in volved in the theory is clarifie d by the construction. 

The Problem of Non-Locality in the Mechanics of Solids: 
Review on Present Status 

E. Kroner 

Institut fur Theoretische Physik, Technische UniversitCit, Clausthal, Germany 

The concept of non-locality, in particular with reference to the mechanics of so lid s, is discussed. A 
brief report is given on the derivation of the non-local theory of elasticity from atomic lattice theory. In 
addition some simple solution s of this theory , concerning the interaction of dilata tion cente rs and wa ve 
propagation, are quoted. A generalization of the theory whi ch would include di slocations is indi cated. 

Non-Local Theory of Elasticity for a Finite Inhomogeneous 
Medium - A Derivation from Lattice Theory 

E. Kroner and B. K. Datta 

Institut fUr Theoretische Physik, Technische Universitat, Clausthal, Germany 

In th e finear th eory of non· local elasti city the strain e ne rgy can be written as a double volume in­
tegr al summin g up the interactions of pairs of mass eleme nts. The properties of the material, in thi s 
case, are described by a two- point-tensor fun ction Ciikl (r, r '). It is found that for finite bodies Cii k l (r, r ') 
does not have the sym metries of the (Hooke's) e lasti city tensor Ciikl of the local theory. However, the 
symmetries of thi s tensor func tion are sufficient to exclude the rotations from the strain e ne rgy expres­
sion. It IS shown that with the help of the elas ti c Green's fun cti ()n on" can express Cijk ' (I· , r ') in terms 0( " 
force constants of the latti ce. It is also s hown that an infinite ilOmogeneous iJody is not a s uitable model 
either for the non-local O f for the local t heory, because in thi s case ciik ' (r , r ') as well as Ciik , obey the 
Cauchy re la tions. 

l Theoretical Considerations on the Extension of 1/2 (110), 
~. {111} Dislocations in Isotropic FCC Metals into Shockley 

Partials 

Doris Kuhlmann-Wilsdorf 

Department of Materials Science, University of Virginia, Charlottesville. Virginia 22903 

and 

T. R. Duncan 

Department of Minerals and Metals Engineering, University of Wisconsin, Madison, Wisconsin 5.3706 

The energy changes and equilibrium separations associated with the extension of 1/2( 110), {Ill} 
dislocations in fcc metals into Shockle y partials have been calculated and were found cons iderably 
smaller than the previous corresponding values due to Seeger and Schock. The new results may be 
shown to be credible on the basis of the following simple es timates. 
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The theoretical s hear fracture strength ot' a crystal may be writte n as Terit = G/q, with G the ap­
propriate shear modulus and the numerical parameter q near 30 for nll} planes in fcc metals. The 
resolved shear stress required to force the Shockley partials into coincidence at vanishing stacking fault 
energy, (Teq)",ax , mu st approach but cannot excee d Teri/ so that (Teq)max :,:::.G/30, i.e. much smaller than 
the value of V6G/87T = G/9 previously assumed. Similarly, the stackin g fault energy cannot exceed the 
value of Yeri/= Ga/V6q with a the lattice con stant , and the di slocation core energy must be in the orde r 
of Ee = 2re'Yrd/ = 1/4ED where ED is the total dis location e nergy, and the core radius, ro, is taken to be 
that di s tance from the dislocation axis at whic h the resolved shear stress on the slip plane would become 
equal to T e,.;/ in linear elastic behavior. Lastly , Do , the actual equilibrium separation be tween the partials 
must be considerably smaller than Do* , the separation calculated from linear elastic theory, a s long as. 
Do' < 2ro. One finds easily that Do * '" 2ro for Y 3: Yeri,j6 and Y ~ Yeril/lO for edge and screw dislocations, 
respectively, depending somewhat on POlsson 's·rallO, so that only in s ilver will edge di slocations have an 
equilibrium separation a little larger than 2ro, but muc h less than 2ro in the othe r common pure fcc 
metals. For Do = 2ro, whe n the core energy is reduced b y about 1/3 according to the rule of the square 
of the Burgers vectors but the elastic e nergy is virtually unaffected, and remembering th at work 2 roY 
with Y = Ycri,j6 must be done to spread out the stacking fault , the relative ene rgy gain due to ihe exten· 
sion of edge dislocations is simply estimated as (t.E/ED) ~ = [1 /3Ec/4Ec -1 /6Ycril/4Yai,] = 4% which 
may be compared to the calculated value of 4.6% in silver. 

On Problems of the Non-Local Theory of Elasticity 

I. A. Kunin and A. M. Waisman 

Institute of Thermophysics, Academy of Sciences, Novosibirsk, USSR 

The paper contains new results concerning the linear theory of an elastic medium with non·local in­
teractions: 

I. The structure of the general solution of the equations of motion. The depende nce of the general 
solution on the distribution of ene rgy operator zeroes. Specific effec ts of the non-localit y: new types 
of dampled and undamped waves , the existence of a maximum frequency for the latter ones, the space 
rlispersion. The Green 's function. 

II . Approximate models. Two types of approximate models: the long-wave approximations and the 
first zeroes approximations. Domains of their applicability. 

III. Boundary value problems. The replacing of the boundary by a boundary layer of width of the 
interaction radius . Generalized Green 's formula. Fundamental boundary value problems , their correct 
formulation for first zeroes approximations. The comparison with couple-stress theories. Examples 
of exact and approximate solutions. The existence of ne w types of surface wave different from Rayleigh 
waves. 

Some Recent Results on Dislocation Pileups 

J. C. M. Li 

Materials Research Center, Allied Chemical Corporation, Morristown, New Jersey 07960 

A few results intended to illustrate the usefuln ess of orthogonal polynomials and singular integral 
equations for the problem of dislocation pileups are described. A simple method of solving a few special 
integral equations is sugges ted. The usefulness of a Moutier cycle for the calculation of stress concen­
tration is shown. 
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The Image Force on Dislocations at Free Surfaces. 
Comments on the Concept of Line Tension. 

J. Lothe 

Institute of Physics, University of Oslo, Blindern, Oslo, Norway 

It is shown that a s traight di s location emerging at a planar free s urface is acted upon by a force dis­
tributed according to the law dF = A - I (- E cotan 0 + BEl aO) dA. He re 0 is angle of inclination to sur­
face, E is dislocation energy factor, and A is di s tance from surface along the di slocation. The proof in­
volves use of a slightly generalize d version of th e energy flow theorem for s traight dislocations (Lothe, 
Phil. Mag. 15,9 (1967)). The above formula is the exact linear elasti city law corresponding to the us ual 
approximate line te nsion result. According to thi s law there are certain angles of incide nce for wh ich the 
forces vanish so that the di slocation can be s traight. S imilarly , whe n only elastic te rms are cons idered , 
there are certain node orie ntations for which the forces on the branc hes vanish so that the branc hes can 
be truly straight (Indenbom and Dubnova, Sovj. Phys. (Solid State), 9,915 (1%7)). In this paper a 
discuss ion is given of how co re energy term s may modify the results. It is concluded that also for nodes 
in the c harac teri sti c ori entation for no elasti c forces on the branches, some branch curvature will be 
present near the node. 

Some Problems Involving Linear Dislocation Arrays 

N. Louat 

Edgar C. Bain Laboratory For Fundamental Research, U.S. Steel Corporation, Research Center, 
Monroeville, Pennsylvania 15146 

Mus kheli shvili 's inversion formulae for singular integral equations are shown to be special cases of 
a more genera l res ult which is then employed to deal with two types of proble ms. In the firs t we cons ider 
the distribution of di sloca tions in a double periodic array of sc rew pile-ups in an arb itrary stress field. 
The second type is concerned with screw pile-ups te rminating at phase boundaries, again for arbitrary 
s tress fi e lds. 

Stability and Some Characteristics of Uniformly Moving 
Dislocations 

M. Malen 

AB Atomenergi, Studsvik, Sweden 

The stabilit y of uniforml y moving dislocations has been studied in the case of elastic anisotropy 
using computer. The velocity for instability to occur for a scre w dis location in an isotropic medium is so 
high , 0.98 C" with C, th e transverse sound velocity, that it may well be unattainable. Inclu sion of 
aniso tropy gives the possibility of more reasonable instability velocities. Some data showing this for Fe, 
Li a nd C r are given. 

The stress fi eld around a uniformly moving dislocation has been studie d. Increasing the velocity of 
a di slocation corresponds to some extent to a change in the anisotropy of the crystal. 

In uniform motion above the lowest velocity of sound in the direction of motion one can have as­
sociated with the moving dislocation 2,4 or 6 <;erenkov waves, above the next sound velocity 4 or 6 and 
above the highest sound velocity 6 waves. 

The formula d eveloped earlier for the stress fi eld around a uniformly moving planar dislocation loop 
can be ge neralized directly to three dimsions using the theorems of Indenbom and Orlov for the fields 
from three-dimensional sources using data for two-dimensional sources. 

The generalization can also be made using the fact that the choice of cut surface is arbitrary. 
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Localized Vibration Modes Associated with Screw Dislocations 

A. A. Maradudin 

Department of Physics, University of California, Irvine, California 92664 

The dispersion relation for the one-dimensional continuum of localized modes associated with a 
sc rew dislocation is obtained in the long wavelength limit, as a function of the wave vector parallel to the 
dislocation line_ The result has the form w2 (q) = S2q 2 - wo2 exp (- consL/q) where s is the speed of 
sound for transverse acoustic waves, and Wo is a typical Brillouin zone boundary frequency_ 

Propagation of Glide Through Internal Boundaries 

M. J. Marcinkowski 

Engineering Materials Group and Department of Mechanical Engineering, University of Maryland, 
College Park, Maryland 20742 

It has been shown that when an internal boundary such as a grain boundary is cut by a crystal glide 
dislocation, a disturbance is left at the boundary_ This disturbance closely resembles that about a crystal 
dislocation with the exception that a) there is no extra half plane associated with the dislocation and b) 
the Burgers vector associated with this disturbance is a variable which depends on the nature of the in­
ternal boundary_ These boundary dislocations have been termed virtual dislocations_ 

The nature of the virtual boundary dislocations have been treated in detail for the symmetrical tilt 
boundary_ Both homogeneous and heterogeneous type glide across these boundaries have in turn been 
applied to grain boundary crack formation and propagation, grain boundary rotation, preferred orienta­
tion etc. 

A Source of Dissipation that Produces an Internal Friction 
Independent of the Frequency 

Warren P. Mason 

Department of Engineering and Applied Science, Columbia University, New York, N.Y., 10027 

Many measurements of the internal friction of metals and other materials such as the earths crust 
show that there is a component at low frequencies which produces a value independent of the frequen­
cy. It has been shown that this component is associated with dislocation motion. 

Using a model for which dislocation motion results from the motion of kinks, it is shown that such 
a loss can be associated with the energy dissipated when kinks cross Peierls barriers_ Theoretical calcu­
lations have shown that the energy dissipated in mechanical vibrations requires a dissipative force eq ual 
to from 0.01 to 0.1 of the Peie rls s tress to replace th e e ne rgy lost. At the low stresses used in internal 
friction measurements, it requires a thermal activation to cause motions of the kinks . The lag of the mo­
tion behind the applied stress produces a drag coeffi c ient B proportional to the temperature. The energy 
due to kink dissipation produces an internal fri c tion to modulus change ratio b, equal to the ratio of the 
dynamic to the static kink stress. Measurements in copper indicate that this ratio is about 0_04 in agree­
ment with calculations. 
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Non-Planar Dissociations of Dislocations 

S. Mendelson 

2660 Somerset Blvd., Troy, Michigan 48084 

Non-planar dissociations of dis locations are studied in hcp, fcc, bcc, diamond lattice, tetragonal and 
orthorhombic crystal structures. The geometric and energetic conditions are shown to be favorable for 
various dissociations in each crys tal structure. A general equ ation is formulated for dissocations into 
partials which are glissile on various twin planes of a common zone. The Burgers vec tor of the twinning 
dislocations are expressed in terms of orthogonal unit vectors which lie in the " plane of shear" of the 
twin mode_ The twinning dislocations are generally of the " zonal" type, chosen to be consistent with 
minimum shear-strain and simple atomic shuffling criteria for twinning, and applied in de rivations of the 
twinning elements and shear-strains for various twin modes_ The sign of the shear-st rain determines the 
"stress sense" characteri s ti cs for dislocation res istance and twinn ing and a re shown to be consistent 
with behavior in various hcp and bcc metals. The maximum repulsive force on th e twinning partials ),,,, 
is computed using anisotropic elasticity, and compared with evaluations of twin lamella energies),. In 
many cases it is found that )'",/)' > 1, leading to an increase in di s loca tion res istance, lock ing, or twinning 
at lower temperatures. In the cases where 0 < )'",/)' < 1 the partialized di slocation model reduces to the 
"modified pseudo-Peierls-Nabarro model" for dislocation resistance. 

Among various effects, the dissociations account for all twin modes in hcp metals and for the ex­
treme difference in the flow behavior of Cd and Zn on one hand and Ti and Zr on the other. The stress 
dependent acti vation energies for motion of dissociated 60° dislocations in germanium are computed and 
compare favorably with the data of Kable r. A " lock" for kinks on 60° dislocations is discribed which can 
account for dragging points in the model of Celli et a1. 

Derivation of a Continuum Theory of Dislocations on the Basis of 
an Estimative Analysis of Crystal Lattices 

M. Mi§icu 

Center of Mechanics of Solids, Academy of Sciences, Bucharest, Rumania 

Starting from the non-primitive crystal lattice model, a continuum theory is derived by means of an 
interpolation procedure which takes into account the variability of kinematic and dynamic field s_ The 
non-holonomy of the fields of displacements, energy and entropy is considered in order to elaborate th e 
analysis of dislocation and irreversible effec ts. 

The Elastic Field of Moving Dislocations and Disclinations 

T. Mura 

Department of Civil Engineering and Materials Research Center, Northwestern University, Evanston, Illinois 60201 

The pre vious work and the present stage of study on the elastic field of moving dislocations and dis­
ciinations are reviewed. Emphasis will be placed. upon the general method and approach using Green's 
tensor fun ctions and Fourier integrals_ The previous solutions for individual problems are reviewed as 
examples of this unified approach. 
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Disclinations in Surfaces 

F. R. N. Nabarro 

Department of Physics, University of the Witwatersrand, Johannesburg, South Africa 

The screw disclination is essentially a 2-dimensional object. Screw disclinations provide a con­
venient classification of star polygons. By considering. the disclinations in vector fields lying on surfaces, 
it is possible to relate Euler's theorem for polyhedra inscribed on a sphere (faces- edges+ corners = 

2) to the fixed·point theore m for continuously-varying small displacements of points on a s phere. The 
changes in the Euler characteristic produced by the addition of holes, handles and cross caps are related 
to the disclinations which these singularities introduce into vector fields lying on the s urface. These dis· 
clinations may be localized into the neighbourhood of their corresponding singularities. 

Eigenfrequencies in a Dislocated Crystal 

T. Ninomiya 

Department of Physics, University of Tokyo, Tokyo, Japan 

Dynamical theories of di slocation vibration and interactions with phonons are surveyed . Eigen­
frequencies of lattice vibration in a crystal containing a straight dislocation vibration (wave number K) 

in each of the intervals of the normal mode freque ncies of kz = K in a perfect lattice. It is also found that 
there is a band of localized dislocation vibration below the phonon band. The mean squared amplitude 
of the dislocation vibration is determined by the localized mode for an edge dislocation and by the 
resonance modes for a screw dislocation. Phonon scattering by the fluttering mechanism is next treated 
by using the above results and the condition of resonance scattering is given. Finally, the e ffect of the 
Peierls potential and the vibration of a dislocation dipole are discussed. In the Appendices the problem 
of quantization of dislocation vibration and the extension of the above theories to a case of translational 
motion is briefly described. 

Electronic Effects Associated with Stacking Faults in Normal 
Metals 

C. Nourtier 

Physique du Solide, Faculte des Sciences, 91 Orsay, France 

and 

G. Saada 

Departement de Physique, CUSLA, B.P. 36, 59-Lille Distribution, France 

The authors use a si mple pair interaction model to make the following calculations. 1) Stacking 
fault energy of simple metals. 2) Interaction energy between a stacking fault and an impurity atom or 
a vacancy, and application to the study of segregation effects. 3) Interaction energy of parallel stacking 
faults. 

Numerical results are given. Consequences of the long range interaction between defects are 
discussed. 
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Dislocation Pair Interaction in a Finite Body 

R. O. Scattergood and U. F. Kocks 

Metallurgy Division, Argonne National Laboratory, Argonne, Illinois 60439 

The elastic interaction between dis locations in a finite body shows important features not found in 
an infinite body. For example, two like di slocationg parallel to the axis of a cylinder repel each other only 
when they are close, but attract each other whe n the ir dis tance is comparable to the cylinder radius. 
Contours of the pair interaction energy are given for both sc rew and edge dislocations in a circular 

cylinder. 
These new features appear not only when free s urface conditions are de mande d on the e ntire body, 

but even when approximate s tress fi elds are used that demand some surface tractions, so long as no 
torques are trans mitted through the body. 

The relevant torques (bending moments) associated with an edge dislocation in a circular cylinde r, 
which vanish when the mantle is traction free, may be made to vanish in general by a simple modifica­

tion of the stress fi e ld of the edge dislocation. 

Dislocation Radiation 

R. O. Schwenker and A. V. Granato 

Department of Physics, University of Illinois, Urbana, Illinois 61801 

Thin walls of mobile di slocations have been produced. These can be excited to emit mac roscopic 
plane sound waves. Calculations have been made to predict the properti es of the reradiated waves on 
the basis of a vibrating s tring model which neglects di slocation interac tions. Meas urements of the rela­
tive modulus change tJ.G/G and the decrement tJ. (real and imaginary part of the response) as a function 
of freque~cy permit a c heck of the Kramers-Kronig di spersion relations. In addition, measurements of 
the amplitude of the re radiated wave provide another check since the amplitude is proportional to 
[(tJ.C/C)2 + (tJ./7T )2] 1/2. 

Dragging Forces on Moving Defects by Strain-Field Phonon 
Scattering 

A. Seeger and H. Engelke 

Max-Planck-Institut fur Metallforschung, Institut fur Physik, Stuttgart, and Institut fur Theoretische 

und Angewandte Physik der Universitat, Stuttgart, Germany 

An express ion for the dragging force on a uniformly moving defect by scattering of phonons at its 
s train-fie ld has been de rived us ing nonlinear elasticity theory. The quantization procedures and the for­
mulation of the mas ter e quation for the phonon distribution follow the techniques developed in the 
theory of heat conductivity. Nume rical calculations have been performed for kinks in screw dislocations 
in copper. A comparison with numerical results obtained in the theory of heat conductivity shows quite 
good agreement. The formalism developed should prove useful also for calculations of the electron drag 
on dislocations in me tals. 
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Screw Dislocations inn Inhomogeneous Solids 

G. P. Sendeckyj 

School of Engineering, Case Western Reserve University, Cleveland, Ohio 441 06 

The problem of screw dislocations interacting with free surfaces and inhomogeneities is recon· 
sidered and a general method is presented for solving a large class of screw dislocation problems. The 
method is based on knowledge of certain general solutions in the theory of antiplane deformation of 
elastic solids. It can be shown that all the known screw dislocation solutions for solids undergoing an· 
tiplane deformation can be found by using thiss approach. 

As an illustration of the method, three new solutions for screw dislocations near inhomogeneities 
are given. These are the screw dislocation near 1) an elastic elliptic cylindrical inclusion, 2) two circu· 
lar cylindrical inclusions, and 3) a curvilinear cavity or rigid inclusion. The interaction energy between 
the dislocation and the inhomogeneities is also computed. 

A Geometric Foundation for the Kinematics of the Imperfect 
Continuum 

John A. Simmons 

Metallurgy Division, National Bureau of Standards, Washington, D.C. 20234 

This investigation is concerned with the foundations of the geometry of a continuum approximation 
to the deformation of an imperfect crystalline solid. 

A method of formulating the infinitesimal deformation of a system of particles based on an a verag· 
ing proces.s is developed. This formulation is based on the construction of a "polyhedral mesh" valid for 
any system of particles whether or not they lie in a lattice configuration. When the particles lie in a per· 
fect lattice configuration, the mesh formalism is shown to reproduce the kinematics of a classical elastic 
continuum. If the lattice configuration is not perfect two alternate kinematic descriptions in terms of 
space·time affine connections are derived by the averaging process. The simpler produces a curvature 
free formalism corresponding to the distant parallelism formulation of Bilby et aL This formulation is 
seen to be appropriate when the local elastic energy density is essentially determined by the averaged 
local lattice distortion such as might be expected in non·polygonized single crystals. The second kine· 
matic description produces an averaged local lattice distortion together with a measure of dispersion of 
this distortion. This gives rise to a dynamic affine connection with curvature. This type of description is 
seen to be more appropriate to polycrystalline and polygonized single crystalline materials. 

Using these results, the concept of infinitesimal plastic transformation is formulated and it is shown 
that by assuming the initial state of the material to be described by a spatial affine connection, the entire 
dynamic description of the mateiral deformation is then given by a four dimensional space·time affine 
connection whose invariants together with the integrated strain define the state of the materiaL Equa· 
tions of continuity for plastic as well as for ordinary elastic deformation are derived. The exterior calcu· 
Ius of E. Cartan is utilized in this section to simplify the computations. 
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Internal Stress and the Incompatibility Problem 
Infinite Anisotropic Elasticity 

John A. Simmons 

Metallurgy Division, National Bureau of Standards, Washington, D.C. 20234 

and 

R.Bullough 

Theoretical Physics Division, A.E.R.E., Harwell, Didcot, Berkshire, England 

. 
In 

Using the language of projec tion operators, the elas ti c distortion fi e ld of a linear infinite aniso tropic 
body is decomposed into its internal a nd ex te rna.l components. The kernel of the external projec tion 
operator is identified as the elas tic fie ld due to force dipoles while that of the inte rnal fi eld cor responds 
to internal distortion fi elds du e to d isplacement dipoles. 

By integration of the projec tion operator fo r the internal distortion field, an alternative description 
for inte rnal dis tortion field s in terms of di sloca tions is given. The Mura-Willis formula as well as the 
distortion field due to a rational dislocation element (in the sense of Eshelby and Laub) for an anisotrop­
ic body are then obtained as integra ls of the basic displacement dipole ke rnel for internal distortions. 

Further integration of the displacement dipole kernel provides a description of the internal distor­
tion fi eld due to a rational incompatibility element. The general formula for the stress function due to an 
inco mpatibility distribution in a gene ral infinite anisotorpic body is then given and shown to reduce to 
the formulation given by Kroner for isotropic bodies. 

Finally, explicit methods to compute kernels for internal distortions due to incompatibilites are 
given and discussed. 

The Behavior or an Elastic Solid Containing Distributions of Free 
and Fixed Dislocations 

E. Smith 

Department of Metallurgy, University of Manchester, England 

There are many situations in metal physics where the stresses acting on fixed dislocations have an 
important bearing on a physical phenomenon, and the paper derives a general expression relating these 
stresses when fixed edge dislocations are contained within an infinite elastic solid in which there are 
also free edge dislocations that occupy equilibrium positions. 

Special cases are cons idered in detail, particular attention being given to the situation where all the 
dislocations are of the same type , the free ones having identical Burgers vectors b while there are two 
fi xed dislocations with Burgers vectors pb and gb ; all the dislocations lie in the same plane within an in­
finite soLid . This is the most general model for which the stresses on each dislocation and also the 
equilibrium positions of the free dislocations may be determined analytically. It is indicated how the 
model degenerates into all the others that have been discussed analytically in terms of classic polynomi­
al fun ctions. 

The results are briefly discussed in relation to the problem of cleavage crack nuc leation in crys tal­
line solids. 
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The Elastic Generalized Cosserat Continuum with Incompatible 
Strains 

Rastko Stojanovic 

Department of Mechanics, University of Belgrade, Yougoslavia 

Considered is a continuum with deformable directors . Dislocations are regarded as sources of in­
compatibilities and internal strains . Established are the relations between the dislocation density te nsor 
and the gradients of directors_ The conservation law for dislocations (i. e- the law that the dislocation 
lines cannot end inside a body) appears as the integrability condition for the dislocation dens i­
ty - gradients of directors relation. In a linearly connected space L3 in which the directors of a di slocated 
medium represent fi elds of absolutely parallel vectors the equality of the dislocation density tensor with 
the torsion te nsor of the space L3 follows as a n immediate consequence. It is also proved that the 
geome try of L". is equivalent to the geometry of the linearly connected space L3 which is defin ed in te rms 
of the distors ions , introduced in the theories based on the non-oriented continuum models. From the 
principle of virtual work are derived the general (non-linear) relations for stress and hyperstress_ The 
stress tensor is not symmetric. In the appendix a re presented the modified divergence theorem and the 
expressions for the variations of the gradie nts of directors in the absence of a displace me nt fi eld, i. e_ , in 
the case when the compatibility conditions for the strain tensor are not sati sfi ed. 

The Broadening of Resonance Lines by Dislocations 

A. M. Stoneham 

Theoretical Physics Division, A.E.R.E., Harwell, Didcot, England and Coordinated Science Laboratory, 
University of Illinois, Urbana, Illinois 61801 

Dislocations and other defects in solids broaden sharp resonance lines in solids, such as spin 
resonance and optical zero phonon lines. The broadening is a result of the random strain fields 
produced, and the shape of the resonance line is a measure of the distribution of internal strains. Mea­
surement of line shapes can give information which is differe nt from that given by the more usual 
mechanical 8nd transport studies of dislocations. We calculate the shapes of the resonance lines in 
terms of the properti es of the individual defects which cause broadening, their de nsity and their statis ti­
cal distribution. The theory is applied to straight di slocations, infinitesimal loops, di slocation dipoles and 
to point defec ts. 

Effect of Zero-Point Motion on Peierls Stress 
! 

H. Suzuki 

Department of Physics, Faculty of Science, University of Tokyo, Bunkyo-ku, Tokyo, Japan 

Calculations of the Peierls stress hitherto made are c riticized and the following conclusions are ob­
tained. The significant difference in Peierls stress between different materials ari ses mainly from the 
difference in crys tal structures. The Peierls stress is necessarily high in a rectangular lattice where 
atoms just above and below the slip plane face each other , while in the lattices where the atoms face al­
ternately along the slip plane it is ·of the order of one percent of that in the rectangular lattice_ The 
Pe ierls stress in the body-centered cubic crys tal is, however, rather high for a screw dislocation owing 
to the screw structure of this crystal with the axes parallel to [ Ill] direction. The calculated P eierls 
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stresses are several times of those expec ted from experiments. The zero· point motion decreases the cal· 
culated P eie rls stress through two mechanisms. The one is the differe nce in frequency spec trum of a 
di slocation line at the bottom of the pote ntial valley and at the top of the potential hill. The other is due 
to the change in spring cons tants of a tom pa irs around th e di slocation through anharmonicity. 

A Dynamic Theory of Dislocations and its Applications to the 
Theory of the Elastic-Plastic Continuum 

c. Teodosiu* 

Max-Planck-Institut fur Metallforschung, Institut fur Physik, Stuttgart, and Institut fur Theoretische 
und Angewandte Physik der Universitcit, Stuttgart, Germany 

The starting point olthis s tudy is a paper by Kroner (J . Ma th. Ph ys.,42 , p. 27, 1963), who proposed 
the replacement of the load ing his tory va ri ables in the yield crit erion and in the work ·ha rde ning equation 
by state va ri a bles, s uch as the di sloca tion density a nd the de nsity of di slocation loops. 

The first part of the work s umm ari zes the formulation recently given by th e author for the dyna mi c 
non- linear theory of di sloca tions in aniso tropic media. The relations connec ting the co ntinuum kine­
mati c qu a ntities to the d iscre te di sloca tion arrangeme nt and to the di s location velocities are 
emphasized. 

To construc t a theory of the elas to- plas ti city, the sys tem of kine matic equations is completed by 
pos tulating a yield conditi on and a work·hard ening equation, which contain as independent variables the 
stress, the di slocation density, the dens ity of di slocation loops, and the te mperature. 

Making constituti ve ass umptions for the free energy, the specific entropy, and the heat conduction 
vec tor, a nd using the principle of mate rial indifference and the thermophysical restriction s, a definite 
theory of the elasti c- plastic continuum is obtained. 

i Non-Linear Dynamic Problems for Anisotropic Elastic Bodies in 
r the Continuum Theory of Dislocations 

c. Teodosiu* and A. Seeger 

Max-Planck-Institut fUr Metallforschung, Institut fur Physik, Stuttgart, and Institut fOr Theoretische 

und Angewandte Physik der Universitat, Stuttgart, Germany 

The non-linear continuum theory of di slocations has been used to solve a number of proble ms for 
isotropic mate rials, including the determination of s tresses produced by dislocations, the scatterin g of 
elas ti c waves by stra ight dislocations and kinks, and the small -angle scalle ring of X-rays by disloca tion 
lines and rings . For the appli cation of these results it is necessary to know the e las tic consta nts of third 
or higher orde r entering the constitutive equations. Third-orde r elasti c cons tants have recently become 
ava ilable for a large class of single crys tals with an accuracy that exceeds considerably the earlier 
polycrystalline data. It appears therefore desirable to de velop a formulation of the theory that may be 
appl ied to anisotropic materials. 

The present work aims at developing approximate methods for solving non-linear proble ms such as 
the determination of the strains produced by stationary or uniformly moving dislocations in anisotropic 
media and of their effects on a superimposed infinites imal motion. 

The non-linear problems are solved by reduction to a se ries of linear proble ms using expansions in 
terms of small parameters . Three such parameters appear naturally: the magnitude of the distortion 
produced by di slocations, the magnitude of the deformation gradient of the superimposed motion, and 
the ratio between the di s location and sound velocities. To obtain definite approximation algorithms, 
hypotheses concerning the re lative order of magnitude of these three para meters are introduce.d . 

·Permanent address: Center of Mechanics of Solids, SI r. Cons tantin Mill e 15, Bucharest, Romani a 
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Kinks, Vacancies, and Screw Dislocations 

Robb M. Thomson 

Department of Materials Science, State University of New York at Stony Brook, Stony Brook, New York 11790 

A vacancy on a nonsplit pure screw dislocation can dissociate into a set of kinks . This dissociation 
is de monstrated geometrically for the NaCllattice, shQwing that no geometrical constraints are violated 
by the dissociation. The kinks thus generated also splinter and spread the charge of the vacancy along 
the line. The effective vacancy association energy on the line is thus much higher than has been sup· 
posed hitherto, and is partly due to the delocalization of the charge singularity of the point defect and 
partly due to the delocalization of elastic singularity. When the Peierls energy is low, the vacancy will al· 
ways dissociate, while if it is high, the dissociation will occur only when the total kink energy is less than 
the vacancy energy. Vacancy contributions to both climb and pipe diffusion are discussed in terms of 
the kink dissociation process. Results are that interstitial pipe diffusion is entirely summetric to vacancy 
pipe diffusion, no motion energy is needed, and the formation energy for diffusion is related to the 
Peierls energy. 

Theory of Surface States on Stacking Faults 

Robb M. Thomson 

Department of Materials Science, State University of New York at Stony Brook, Stony Brook, New York 11790 

The Slater-Koster method in the Bloch representation is applied to a model for a stacking fault in an 
idealized crystal leading to a type of Shockley surface state. A series expansion is obtained for the ener· 
gy which is worked out for the simplified case of a constant matrix element, with the result that for a 
tight binding nonoverlapping band, there are surface waves which split off from both the top and bottom 
of the band. Contrary to Shockley's results for external surfaces, and to the Slater· Koster theory of the 
localized impurity, localized states occur on the stacking fault for a single nonoverlapping band and for 
arbitrary potential values. A constant matrix approximation is worked out for the case of the simple 
metals. 

The Elastic Interaction Between Grain Boundaries and Screw 
Dislocation Pile-Ups 

M. O. Tucker 

Department of Physics, University of Surrey, Guildford, Surrey, England 

The configuration of an array of parallel infinitive straight screw dislocations, in equilibrium under 
a constant applied stress, and pile-up on a plane inclined to a grain boundary at an arbitrary angle is con­
sidered. The model used for the grain boundary is the plane interface between two elastically anisotrop· 
ic half-spaces welded together. Using this approximation of a continuous distribution of infintesimal 
dislocations the integral equation expressing the equilibrium conditions is solved using a Wiener-Hopf 
technique and approximate expressions are presented for the stresses near to the tip of the array when 
the dislocations are parallel to orthotropic symmetry axes in each half·crystal. 
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On the Thermodynamics of Inhomogeneous Bodies 

C.-C. Wang 

Department of Mathematical Sciences, Rice University, Houston, Texas 77001 

This paper concerns the thermodynamics of inhomogeneous elastic bodies. I adopt the constitutive 
equations for thermoelastic materia ls given by Coleman & Noll (1963) and develop a theory for bodies 
made up of such materials . The general scheme of this theory is based on my pape r on Generalized Sim­
ple Bodies (1969). The main result is the explicit fi eld equations for the deformation and the te mpera­
ture on a thermoelastic body. 

Subsonic, Supersonic, and Transonic Dislocations Moving on an 
Interface Separating Two Media of Differing Elastic Properties 

J. Weertman, H. M. Berg, J. E. Bloom, H. Ishii, R. H. Marion, D. E. Pease, D. T. Spreng, 
and J. B. Vander Sande* 

Materials Science Department and Materials Research Center, Northwestern University, Evanston, Illinois 60201 

This paper examines the problem of a di slocation moving on an interface separating two isotropic 
elastic media that have differing elas ti c cons tants and densities. This problem has application to the 
phenomenon of diffus ionless transformations. Solutions are found for moving screw dislocations, gliding 
edge dislocations, and climbing edge dislocations. It is assumed that the dislocation velocity lies in 
either the subsonic, the tra nsonic, or the supersonic velocity region . We have generalized the analys is 
that was used in a s tudy of the elastic displace ments and s tress field of subsonic, transonic, and s uper­
sonic dislocations moving in an ordinary elastic medium. The results given in the present paper are for­
mally iden tical to those obtained in that simpler analysis . 

Thermal Energy Trapping by Moving Dislocations 

J. H. Weiner 

Division of Engineering, Brown University, Providence, R. I. 02912 

The steady motion of a di slocation along a piece-wise harmonic Frenkel-Kontorowa model is con­
sidered. For s uitable model parameters there is one localized mode associated with either the stable or 
unstable dislocation configuration and the remaining modes are non-localized or extended. Because of 
the piece-wise harmonic c haracter of the model , the set of normal modes of the syste m changes at dis­
crete in stants of time, referred to as transition times, as the dislocation moves along the chain. In par­
ticular, the localize d modes must move along with the dislocation position and we refer to the localized 
mode momentum and energy as the dislocation momentum and energy respectively. The particle mo· 
me ntum and energy due to the s um of the extended modes is termed thermal. 

At the transition times, it is necessary to expand atomic velocities in terms of the new set of modes 
appropriate ~o the forthcoming state of the crystal. It is found that a coordination effect exists between 
the transi tion times and the thermal motion such that on the average over many transitions , thermal 
momentum in the direction of the dislocation motion is transferred to the dislocation momentum. 

"' Instruc tor and sludenl s of Advanced Dislocat ion Class at Northwestern Universi ty. 
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The Mean Square Stresses «(J2> for a Completely Random 
and a Restrictedly Random Distribution of Dislocations 

in a Cylindrical Body 

M. Wilkens 

Max-Planck-Institut fi.ir Metallforschung, Institut fi.ir Physik, Stuttgart, Germany 

The paper gives a full proof of the author's earlier statement according to which the elastic inter­
action energy of completely randomly distributed dislocations vanishes. As a consequence the outer 
cut-off radius in the logarithmic factor of the elastic energy coincides with the external cylinder radius 
rather than with the mean dislocation spacing. The proof takes into account the elastomechanical 
boundary conditions which were neglected in the earlier paper. Further it is shown that for a restrict­
edly random distribution the outer cut-off radius is equivalent to the radius of the areas small compared 
with the cylinder cross-section, each of which contains the same number of dislocations randomly 
distributed over the corresponding area_ In the special case that each area contains only one dislocation 
with arbitrary inside the outer cut-off radius degenerates to the mean dislocation spacing. 

Theoretical Aspects of Kinematical X-Ray Diffraction Profiles 
from Crystals Containing Dislocation Distributions 

M. Wilkens 

Max-Planck-Institut fur Metallforschung, Institut fur Physik, Stuttgart, Germany 

The paper deals with a theoretical study of the Fourier transorm of the X-ray diffraction line profiles 
from crystals containing dislocation distributions. The theory is based mainly on a calculation of spatial 
averages of powers of the strains Ell, where Ell means the differential strain perpendicular to the reflect­
ing planes averaged over a certain length n (n = variable of the Fourier transform). The second power 
average (Ell" ) is calculated in a closed form for a restrictedly random dislocation distribution. However, 
the result is approximately valid also for other distributions. The contributions of the averages of higher 
powers of Ell are taken into account in an approximate manner. The expression derived for the Fourier 
transform depends on the two parameters p and Re, where p is the dislocation density. Re is equivalent 
to the effective outer cut-off radius which appears for instance in the logarithmic factor of the elastically 
stored energy_ The result which is applicable for Re >- p - l/2 is discussed in comparison with the theory of 
Krivoglaz and Ryaboshapka, in which a completely random dislocation distribution is assumed, and with 
the theory of diffraction from distorted crystals mainly developed by Warren and Averbach . 

Structural and Elastic Properties of Zonal Twin Dislocations in 
Anisotropic Crystals 

M. H. Yoo and B. T. M. loh 

Metals and Ceramics Division, Oak Ridge National Laboratory, Oak Ridge, Tennessee 37830 

A descriptive definition of zonal twin dislocations for compound twin systems is given based on the 
well establi shed rational crystallographic elements. Geometric characteristics of zonal twin dislocations 
in double lattice structures are thoroughly discussed. Equilibrium shapes of an incoherent twin bounda­
ry have been analyzed by using the anisotropic elastic properties of edge dislocations_ Short-ranged 
structural properties of zonal twin dislocations are discussed based on a Peierls-Nabarro model. It is 
found that the "anisotropic parameter," KeS66, correctly predicts the active mode of crystallographic ally 
non-equivalent conjugate twin systems. 
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