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ABSTRACT (cont)

of nonlocal incompatible elasticity. Stress fields are given for
volume, surface and line distributions of dislocations. Celebrated
Peach-Koehler formula is modified to include nonlocal Green's func-
tions. The stress fields for three- and two-dimensional cases and
for the anti-plane strain are determined for line distributions.
Calculations are carried out for the uniform distributions of edge
and screw dislocations along a straight line segment. By means of
the maximum stress hypothesis, a fracture criteria is introduced.
Calculated theoretical strengths are in good agreement with those
based on the atomic models. Reduction of material strength with
the presence of dislocation line and the maximum number of dislo-
cations are given.
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Princeton University

NONLOCAL CONTINUU14 THEORY

FOR DISLOCATION AND FRACTURE

AoC. Eringen

ABSTRACT -By means of linear theory of nonlocal by means of classical elasticity (linear or non-
elasticity, solutions are given for some Voltera linear,. Among these, %e mention the state :f

dislocations situated in an elastic solid. The stress at a sharp crack tip, s'rface tensa,
stress fields are determined for screw and edge atomic inclusions, defects, granular, porcu anc
dislocations. The stresses and elastic energy composite solids.
are devoid of usual singularities predicted by In several previous papers [cf., - wc h
the classical (local) elasticity. A theory is shown that the stress fields, due tocdsora::ons
developed for continuous distributions of dislo- and cracks, predicted by the non'ocal elastiz:t.
cations on the basis of nonlocal incompatible contains no singularities. In fac:, tney %an:s.
elasticity. Stress fields are given for volume, at the center of dislocations and a: the crac,
surface and line distributions of dislocations. tip. Moreover, the maximur stress occurs at a
Celebrated Peach-Koehler formula is modified to short distance away fron these points. By ec;a:-
include nonlocal Green's functions. The stress ing the maximur, stress to the ccihesioe stress
fields for three- and two-dimensional cases and that holds atomic bonds together, a 7hoysia.'*
for the anti-plane strain are determined for line realistic fracture criteria was estahlished:,Z.
distributions. Calculations are carried out for In the classical limit, the celebrated Grifft-
the uniform distributions of edge and screw dis- criterion is obtained with the di'idend t -,e
locations along a straight line segment. By means Griffith constant is determined without an' adzc-
of the maximum stress hypothesis, a fracture cri- tional assumption on the surface energy whch
tera is introduced. Calculated theoretical could not be measured to within any reasonaoie
strengths are in good agreement with those based accuracy. Estimated errors in such neasiure-en-.
on the atomic models. Reduction of material is known to be not less than severa l mdreu per-
strength with the presence of dislocation line cent.
and the maximum number of dislocations are given. The dispersion curves predli:ei.tc b the n-:-

A cal theory are nearly in coincident with those
IT IS A WELL-KNOWN FACT that stress fields i based on the atomic lattice dvnancs an" obser.a-
due to Volterra dislocations, contain singulari- tions on phonon dispersions [cf. -t-'.
ties at the center of the dislocation so that in There exist ample evidence that recently de-
a small region around the center (the core region- veloped theory of nonlocal elastiitvy-  is a
classical elasticity fails to apply. The radius proper mathematica: model which can e:crinate -no
of this region is estimated, usually by means of foregoing difficulties, extendxi7 the do-air of
atomic models. Because of these stress and energy applicability of continuun techanics to phl:.,a:
singularities, several other methods have been phenomenon with internal character:stic lenth's
devised for the prediction of fracture. Clearly at the molecular, atomic or mIcrostructur~sca.es.
such singularities are non-physical and a proper Based on these observations, we expect that a
model should eliminate them. nonlocal theor may bear fruit in dealing se:f-

Phonon dispersion experiments have shown that stress and energies of dislocation loos f-T
the phase v'elocity of plane wa\es in single cry- the discrete an.' continuo s diof ::1-
stals depends on the waie length so that disper- locations. Moreover, the onset of fracturt an-
sion is the rule rather than the exception. Yet the theoretical strencti. -f solids be est- -
classical elasticity predicts constant phase velo- ted by means of the cortnuu tnecr', :hih :.e7-;:
cities for plane waves, independent of frequency extensions tc anorpnous szlcds an- co'cszte.
and wave length.. 'S:r. of the nreset paner ste-

There are many other pihysical phenomena in tnese obser-,ations.
the microscopic scale, that cannot be predicted

.AC rne



In section 2, I present a summar' of the an influence fu.czon ct -:-,..c- .:-r-'.
linear thec-' of nonloca2 isotropic elastic sloids. which brings influences cf s:rains a: .ar
In section 3, the stress field and energy due to a points x' to x , in differen :r-orn- .
screw dislocation are calculated. Both turned out According to the :::,o-&.c .c -: hoTc-
to be devoid of singularities. The stress field thesisl0 , it assumes tne maximur value a:
due to an edge dislocation is treated in section.. x'-x , sharply decreasing %it: t:.e distance or:-
In section 5, I develop a theory for the continuous .' From Eq. (Z.3,, it is cear that a depen,:-
distribution of dislocations. Field equations are on a length scale E . This is an interna: chara -
obtained for stress functions for two and three- teristic length which nay be selected to be pro-
dimensional state of strain. portional to the lattice paraneter a for since

Green's functions for the infinite solids are crystals, i.e.
obtained in section 6 leading to a generali:ed (2.5j C = e, a
Peach-Koehler formula for the stress field due to e a
line distribution of dislocations. Results are average granular distance for amorphous bo'ies
gratifying in that they contain no singularities and the average distance for fober co,poso teE,
so that calculations can be carried out with uni- etc. In Eq. (2.5' e0  is a non-dimensizna' -
fortity, for surface and line distributions of stant which can be deterMined by one experi.e-:.
dislocations throughout core regions. In fact, When £-O , Eq. a.3 rust revert: -.; .
stress fields due to a uniform distribution of This implies that a is a Dirac delta sece7:z.
screws along a line segment verifies our predic- Thus, in this limit nonloca: theory rever- tc-.e
tions. The theoretical strength of a single classical elasticity theory. By discret::n_
crystal predicted by the nonlocal theor" is in (2.3), it can be shown that ecuations of non:(a
agreement with that known in atomic theory. Also elasticity also reduce to those of atom: a
given are the shear strengths reduction due to dyamicsl. "
line distributions and the maximum allowable num- In several previous papers" ' -  ga
ber of screws within a straight line segment of special representations for a xl-x h:w f
length 2, " to excellent preiic ions in accord woth :t ' a!

lattice dynamics. For examp.e. for the
2. BASIC EQUATIONS sional case, an appropriate kerne. is

from the atomic theory of lattice drnamics (2.67 7 = - k .
and experimental observations on phonon disper-
sions, it is weli-krown that the stress at a where K is the modife Eesse"s funct:,-.:r
material point x in a body depends not only on two-dimensional lattices, Ec.. provices anstrains at x but also on strains at all other excellent match between acoustoca. oispers:.
points x' &f the body. In linear the'ry of cesbe d oth n acaus aicatyr zc-
nonlocalcurves, based on the nonloca easticy a csbased on Born-KirmLn theor:, of atoric lattice cz-
tegral constitutive equation of the form [cf. 2,4]. namics. In the entire Briliou:n :one, the error

is less than 6 . It is also interesting to note
(2.i, t c (x'-x e (x') dv~x') that for the infinite med:u- is the Green's

k .k. . function of a linear different:a! operator. .r.
V the case of Eq. (2.o , this means tha: a sa:05f0e0

where c k . are the material property functions

which depend on the vector x'-x and e is (2.' (1 -= -

the linear strain measure deined by vanishing at infinity.

1 u.[x, _u.(x' Under the mild assumptions of vanishing nor.-
(2.2. ek( (X' [ . ] local effects for the body forces anc cour7es.

- - ', the momentum, balance laws of nonlocal elastoci.
reduces to Cauchy's laws

wnere utix,t, is the displacement vector. For
homoger~ous an- isotropic solids, 5 2.l may be (2.5? t k ;, k * , - 0
sirplitied to

(2.3, tK  (X ,  * a( x'-x . , (x') dv(x'. (2.9 ' t t

L where is the mass density and f is
body force density.

huere is tue classical local stress As usual, repeated nices denote sun-a%:7
over the range of indoces. heo also abre-ia:e

tensor i',t;, o. Hoote's ia,,: partial differentiation hit:; resrect tc
e an inde\ following a acno. arc use a sc"e --

~. " ~ rr- :k ~~, . . dot to indicat, tn tooc dero,.t:'e, e..

in 7,j,i. and _ are t;ic ;sua, Lame co- tk ,7 '-
sta::ts. I:. . .. 5 , ti ;,er " . N' is c

Er:: cc.,



The field equations of nonlocal elasticity
are obtained by combining (.l. (z.Z and (:.8.

n2.10 " C -x. e mx' da (l2 ,f - =

c ' u (x') dv In the static case and vanishing body forces
Mnk reduce to Navier's equations

(2.14) (X'.b.Ukk[ V -;k C
- (f- 0

However, note that the stress field is de:er7-nc-
by solving (2.1l).

where a superposed prime denotes 
dependence on

x', e.g. u'm =u,(x') , dv' =dv(x'). In de- 3. SCREW DISLOCATION

riving (Z.10), we used the identity A screw dislocation is introduced by uit

c (m' a solid along the plane . 0 , xI > 0 a. i-

CX k"m. mntroducing a constant displacemen: discon-in-tr
b (called Burger's vector along tie

S m- (C ' of the rectangular coordinates. In this case, t-.

e' displacement field has onl, s:ngle cor-nen

C eking , u (xl,x,tj which is 6eterm ln ed b:, sz:,: 2S mnk

(3.1) , 3  0

and the Green-Gauss theorem to convert the first
term to the surface integral over aV in (2.10). The stress field is obtained by son ,.an; -Z ,
In (:.10), the first integral represents the sur- where ane are tenyr. Thes ,
face stresses (e.g. surface tension). Consequent- componeni of the I1la: stress tensor. Tiese

ly, nonlocal theory accounts for the euaf.oe u are given byic:

phye-;cs. This important asset of nonlocal theory (3.2 u_
is not included in classical field theories. 2-

The integro-partial differential equations Lit,
(2.101 replaces Naier's equations of classical (3.3) = " - , 3 -
elasticity. The displacement field u is to be
determined by solving (2.101 under appropriate where (r,e,: are the clindrical coordinates,
initial and boundary conditions. Boundary and
initial conditions on displacement and velocity iie.

fields are identical to those of classical elas- (3.4) x, r cos * , =
ticity. Boundary conditions on tractions is To obtain the stress tensor t , we d -
based on the true sress 8:enscr t,. , not on mine the slution of (2,2 uder e con::n

*k; , i.e. that t must vanish on a circular cyllndri:.;

surface rof radius r, - - as r -
k. i. n,:. Such a solution was given in a previous Tarer-.

where t are prescribed boundary tractions. (3.5) te[
For mixed boundary-value problems, to avoid a
possible overspecification, care is necessary This is regular for all 0< r- . it is valic
along the boundary of the two surfaces on one of in the core region. In faE , for r = C, t.z
which uz and on the other t(n are pre- vanishes so that the hoop stress is zero at--
scribedl4, the center of the dislocation, a result whi:- :.

If we assume that the nonlocal kernel t satis- in accord with the physics of the probie7.

fies (2 "), then for the homogeneous and isotropic Classical elasticity solution results in t*e

solids of infinite extent, integro-differential case of E = 0 , leading to a stress snul;a7:.

os 10 iinite te, n ey-di tab r-, . The strain energy per unit lengt,. of ..
equations (.0 can be repla!ed y
pir: ried partial different-al equations. This in a reion bounded by concentroc '
is achieve. b, noting radius r0 , and R , is given b}

!2.lI -C'"t, 0./ (3.o [ = 3- t._ e

k N'

-
ar n-; I ir,- lZn[nl ~* . I

ii rz e'



Contrary to the classical result, this has no
singularity for r 0. In fact, (-.S f f I ..

3s.' -, ,'LI  ub" ['R/2 e Ko (R! E
nn

which makes sense on physical grounds. For large
R , Eq. (3.7 may be approximated by

c= r/

(3,S Z/L1  = F [in(R/2 Here, In(: and K (:" are modified besseK'.
n n

(.c/2R)
1 exp(-R/E?] functions. By superposition, we obtain

(4.9) G -- iBt " 1lzi:e i

which exhibits the dependence of the energy on
the size of the solid. (4.10B - [ff2 e "' . f. e

4. EDGE DISLOCATION The integration can be carr-ec ot for .
that

A straight edge dislocation in a solid causes
plane strain with displacement vectors character- (4.11" f1(c c - N, K
ized by

.4.1) I U (xlx,; u-uxl,."1, u3=0 c
(4.1--) f3 c [ I ' '  K L, :

where uk are the rectangular components of the 3'

displacement vector. The displacement component
u; undergoes a constant Jump discontinuity b
along the half plane x> 0, x-, =0. The classi- * (' -
cal elasticity solution of this'probler is well-
known 15 . For convenience, we write the classica
stress in the form

r 1 (e e The stress field follots fro

-4.2' - 11 ,ir (e -e - [3f, si-i 7

4 : = 2 2 - 1 1 . 2 i a 1 : -i B r ' ( e e 'L b
13b t [f! sin- f- Sin 3

where (4.13) t,. - sir. .

Fro, Eq. (2.12), it follows that the true stress 4 [: ccs -
field satisfies

(4.4) (1- E'?'{E ,€} = { , t In polar coordinates, componen:s of tr.e stress
tensor follows fror.

where G and have the forms

IC. 5) S = tll t., , P = t 2 -tll.2it12 (4.14) t 7 rt. r r

Thus, we must find the general solution of Hence,

1 7 F -l ein
,  

= ub
(l-b) (1- (c r. e

3  
n 1 -3 rrt fjc:-b I-_?)F=n:,-3 t --

The solution of (4.6. which is regular at r=0
and± r- is found te be (J.15 t-. = - [3f., - f: -s: ,

i4nj

.. n ___e___r-"4=-c: [f.i : * :'

where
A r:a., we noti:e tha: the stress f:c' '-.s-e. a:
r so ta: :ontrar, tc t:;.- cassc-" res...

E ri,.ze-:

=L .. .. . . .. . . . .. . .. .. . l ," .II



stress singularity is present at the center of The strain inco~na:ibil ty is exTressed
the dislocation.

It should also be noted that (4.15 do not (5.10., E. e
reduce to the formulas of the classical theory k r. ir. ,In k,.

b% setting e - 0 . This situation is, of course, where r is called the F
well-known for singularly perturbed differential

equations, and it is gven h.

(S.1r n"  -rI nk,r.

5. CONTINUOUS DISTRIBUTION OF DISLOCATIONS
All of these results are welA-kno.n in :.as.::

A small neighborhood n(xj of x in a theory (cf. [lo]
distor'ed bode V', may be relaxed to a smallneighborhood N(X. of the image X of x , in Nonlocal theory stipulates that the stressan diaror:ed (r 'a 'oh configuration x , strain relations is given b% (2.1.. For homcce-

an zdiaor~d (r n~ura,' onfgartio- Vneous,isotropic solids, under a mil assun:::zr.by releasing constraints exerted to n(x) by therest of the body. A line element dx at xin(x) on the nature of the attenuating kernel, 6e hae

can be expressed in terms of its image dXINzx (**. i.e.
by by(5.12; (1 .- 0 E= t e , e.

(5.1) dx - A cL( ( t rr

From this we solve for ek:
where A(X) is called the eZasr:i dis:cr:c . F for k
he assume that A(X, is continuously differen- (.13. ek -t
tiable and posseisss a unique inverse, so that -

-1(5.2) dX = A dx where . =;2.:i. is Poison'S r
substitute Lq. (5.13 int.

Consider a smooth surface S in V bounded . .
by a closed curve C . The true Burger's vector (5.14, Il'-ET?%(7tk
b of the dislocations piercing through S is 1 T rr
aefined by

-1 ,,

(5.3) b= dX- A dx= j an da
-~ ~- - hese e.ua::oa-s ..s: ',e -7:.e.. t.

are sub)ezt tc the equilibru7 cn.=-

where n is the unit normal to S , the posi- .

tive sense of C being counter-clockwise, when L .

sighting along n. Here, a is called the
true dia'booaion-de.si: Fo.lowlinz Kr4%.er's - a5s7:a arrrc. ,

ing tne Beltr&-.u soiuti <, z ... e :a,

-1 -1
(5.4. a = curl A , a = E A

)°k in .. :.

For small distortions, we can write . "

(5.5; Ak k. Ak; " ak.

so that where the sy=.et.r, s-ress fL7-*:.-
su .ect to(5.6 , ik Ek , jr,n 5. "-

From this, it follows that Subst~t5t~r4R.It' ntc. - , -

(5.-) a1 k,k 0 (_. _1

The linear strain tensor e., and rotation T g - e 5
tensor wk; are given by tnrTug , .e d .a-. e-c . .• ~~~through ,£::, e c~.at:e:c-a:'.

( tensor .Te fch,:..
g., I e ,

As exre:tez.: :1:- .ares:-

ta~n -zne so:urea:~ rf .. - , . .s -:r een*,

Er_7zer



function, GkX, , which must satasfy I -- ,>G

9 - -kmn - -k; W- -

When G is known, then the solution of 5.lS) For the infinite space, h ;s ga en b'
is givehEi5

(6.3 H - -

V In spherical coordinates, usir.; the opera::r

In the case of the pi.ae etrain, introducing 
-: r d -C

Airy"s stress function 0 x,,x,) by d- i-

we obtain

(6.4) G('k-,i) - exp,- x-- .

we obtain an equation replacing 5.1l8i

(5.22) ( E-e2 ) 7 2.- ,

where
(3:3 r, = fl3 = a.3, - a1, (6.5) G( x-: = - .x-: 5 , =

33 3,1 13,2 --

(5.-4) a,5=2 ,2 CL , al , - 12 , 1 where we also determined )nstant tc rence-
tkk regular at =

depend or. xI and x, only. The solution of (5. for the irf:.::e
media, is given by"

In the case of the 0-,,i-:2,' strair, equa-
tions of equilibrium are satisfied if

(6.6' k x-G ( .t dv -

(5.23 ¢ 13-
which satisfies conditions 5.1- on acco--.: cf

and we obtain (5.' and (5.11-. Upon substa:uting frt. B..,
this may be expressed as

(1 C. 7 a--. [ 5 '

where (b.-) x' E i ._

(5.2-) a (.. .a
' -31,2 32,1 '

6. GREEN'S FUNCTIONS: STATE OF STRESS

The determination of the stress fields aris- where we used the Green-Gauss theorer. an-' se: a
ing from the continuous distributions of disloca- surface term at infinity to :ero.
tions requires that we obtain the Green function Eq. (b.") may be used to study varic s spe_ .'
for the stress functions , : and C . Here cases involving surface and line distributao's of
we determine Green's functions for solids of dislocations. For exarple, for a line disr:a..
infinite extent. tion of dislocation along a closed curve C e

obtain

(i) THREE-DIMENSIONAL INFINITE SOLID - The bI _ b ds

operator is invariant under the rotations (6.8; k. 0 ik"
of coordinates. For the infinite space, we seek I
a solution of 5.15, which depends upon 'x-:* L
on ly , i.e . ~1 1 ? d

t . ( - -2 7' - - x- '

Since the operators I -t7 and- 7' coimutes, where b4  is the Burger's vector per un. :e.-:.
we set of C aid ds is tie element cf arz.

-. aen



The stress faeld due te a line dcstributao. The stress is calculatei 1- - .

of dislocation ,s obtaar.e2 6' suistatu-ang 'o•6
into $.lo

b [rd C _ 
C

i k;1 rk)dsr].

C Ol~ t. d7 bi.
i S -)dst-- - - - . ' 1 1 2 , ,2 " "

This result is identical to the Peach-Koehler lt I":' "

formula with the modification that here G is the L

nonlocal Green's fumction £o.4'; with c su. The
most interesting new feature of iO.9. is that it
does not exhibit unbounded stress fields and ener- where indices after a cotmya ienote rar:ia :

gies at any point on C or elsewhere. tives with respect to e.g.

(ii. -MO-DIMENSIONAL INFINITE PL\NL - Green's G , rx
function in this case can be fqund to be similar , --

to decomposition (o.2' with 7 and II , given by
l d d I

kr.lc. (r (iii, ,ANT:-P L2 , STP &2X - -;n Gree. ,In::,n
for the differential operatc: n z.-n
tained tc be

I H -n x-

(ol, C x- . -

Hence,

o.l-2 G, x-E .4- i x-:,' * .A- ,

(_ --_ ._ -_ . x - l, (t.lS, G x-. - --_ .n x-- =
8- £"

E 0O

The stress fumction is given

o.-13, C, - . = - " 8n( x-. , (6.19 'x = G, x--

E00

The s.ress fie.z _s Pcu. :c be

where K 1_  is the modified Bessel's function.

Airv's stress fucntion is obtained to be (N20 t 3 = '  '

2. G[. 3 -G ,~a jda t. = - " A

- x . . x a13'.-x- a3 - . ...

S

For a line distributir of dis/ocataens Lr.
X. = 0-plane, the stress f:eld is given ty

where we used the Green-Gauss theorem and set a0e
line integra to zero at inf n n . For a
u-"-rb:- on of dislocations in the 0-Dl1ne,3 ' . .

1e al have le, ( b, s
•C

,-.:5
" .* /. - - . -.

L

bX - ,]

qll .... . . .. . .



In riane polar coordinates tr,- , we haxe The shear stress g; er. b .5 .e
expressed in no

n -a ;7ens
' mn..

I 'C
, .rrr - b(r' ds

?G
t s - -b(-) ds 

"

C where

('.6 td ..b - , '

X s A. * *'

7. STRESS DISTRIBUTIONS

Here, I present some results on the stress
field due to continuous distributions of disloca-
tions along a line segment. (ill SINGLE SCR£, - Fcr a sr.gle szrew.,

shear stresses ca. De ctta:ne' b', s.rsct:r
Li EDGE DISLOCATION ALONG A LINE SEGMENT -

The stress field due to an edge dislocation can b. b,
De calculated by using (o.iO',. In this case,
b. C and we consider bI = const. distributed int . f. -O , where =sra -c .

measire. 7n,.s feat; F e-

alonz a line segment x, 0 , xl . Using

t e f a c t t h a t G - x. - ; - . , t h e i n t e - - _ - l .

grations in n o.lQ are performed readilv r

.. 1 t 2 , * 2I.b1 l[G,2(c 1  - G,.(c?] ,

t-- ,2 b1 [G , 1(c1  - G .(c,) , where r (x. - x. Tn:s resut! is aden:::

t_[G12 (: G, to Ei. (3.5, obtained dlfferentl' ,in a

t -- . dinates.

For a single screw, the shear stress Eu. ,."
where may be expressed in non-dmensiona: for-

- _ ,= [ x - - Z' .... -cI:~u
" ('~~~. TL~ =c ;b t:_=:[-:k

S* ]"where

Green's function G is given by (o.:2 Zr E

The stress field given by Ea. - i is dsTla.ed
SCREr DISLOCATION - For a uniform distri- graphically in Fi-. I. It has nc sing..lar:y. r.

bution of screw dislocations along a line segment fact, contrary to the prediction made i..n.a:ua
x C, XI < , through (t.21, we find that elasticit, T .: vanishes at: . The 7a\:-

mum stress occuirs at : . anJ is g:\e- n'

-. t .12Gt -GC.3g
Mi ax

where G is given by (6.1-, and - and by

The fracture will begin when t Ma t = t.n*

tl;e number of dislocations is N over a dis- rohesive stress that hoIls ati-m, bonds :ozete:.
Therefore, nonloca; theory predicts t "at

tance i and b is the atoric Burger's vector,
we ha.e for t:,e macroscapic Burger's vector, .

-o bc:\2 Sote that while this is only ate-.:c d:sa a,a.

for single crystals, nexertheless, it r.a:, ve

Eran-:er.



finite distance for amorphous and coposite td

materials. It depends on the interr.a: character- -.1 - --

istic length a [more precisely, eoa

~ :irr' 7 c:~~ This gives the shear stress rec._.::;cn c-e7 n
- .: :';r -Sr s:e-r sess . presence of 2N dislocat:cr.s is:rib.tez -

. '-., S :'e 'c- c. s;.c ly along a straight line segment of leng:,...

8zZ'ea8 :;,a7 '-cs _ S m CCr.as :c;er. Since td t . the maximur number of di':a

Ihith this criterion, the maximu- stress 
hypothesis tions is given b

for fracture is restored for microscopic and atomic N C.393 '
phenomena as well. maA n

If we write h-C/0.3993. Eq. K.ll) agrees Of course, this number ill have to be moc:f:e.c

with Frenkel's estimate of the theoretical strength when the distribuction is no: an .for.
of single crystals, based on atomic considerations
(cf. Kelly (1], p. 12. In fact, if we use The stress fields due to a ,Tfcrr dstr- -

E - e0a = 0.39a, we find for the single aluminum tion of screw dislocations aior.g a circle are
crystal, given in another publizat- cn.

(,.12, t / -" 0.1: {A;.: [111] -t I!0>}
c
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