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plus the divergence theorem giving 

E 	 (b) 

where A represents the area of a cut in the body on which elemental 

forces dF 	= a 	dA 	act over local displacements u . 	By making a i 	 i 
7) 	 .. 	..: i 	ii 	 • 

plane cut over a suiface A, displacing the surfaces relatively by u 	= 

and rewelding the surfaces, a dislocation loop is produced 	To 

avoid infinite stresses (and infinite E) in the theoretical body, a core 

region similar to a wormhole following the boundary of A must be cut 

J out 	If the surface of the core volume, A,  is stress free, one can 

ignore this surface and integrate only over the surface area A in 

Eq 	() to obtain the integral 

E 

for the energy of a hollow-cored dislocation loop. 	Next for 	isij 

inserted an expression 
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where 	and 	are permutation symbols defined so that they are ikl 	Jmn 

zero unless all the indices are different and if they are different then 
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integral. 	Two can be eliminated by the relation 
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and the third vanishes by application of Stokes' theorem 

'A1 Ciki F- dA1  = 	Td11   

The end result is the 	nergy of a dislocation loop 

* 	E = - 	bb 	k 	[dli  d11 + 	d.14 d1) + 

2v 6[a 	a 	 a ]  ãi 	dik (ii) 
ax 	ax 	ax1  1-v 	 Qj 

where R2 = (xl - x)(x 	- x) 	To get the above expression the 
relation 

aR 
dik = = 0 (12) ij k 

k 	 xk 

was used 	Equation (11) was used alone to evaluate jog energies in 

the previous work of the authors 

If one wishes now to treat a dislocation containing core material 

instead of a hollow dislocation, it is not sufficient merely to add the 

energy containe.d in the core. 	The effect .of the core tractions on the 

*The summation convention applies to derivatives as well as products, so 

a 	aR 	a 2R 	a 2R 	a 2R 
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core surface which were ignored in the previous analysis, must be 

included in the calculation of the elastic energy of the material around 

the dislocation An exact calculation of the effect of core tractions 

requires a knowledge of the core stress-deformation relation, but the 

core traction energy may be approximated by calculating the energy 

difference for the material outside the core of a cylindrical dislocation 

with and without a stress function that eliminates the tractions 

on the core surface The stress functions to which we refer are treated 

by Cottrell. It is assumed that the energy is so localized near the 

core that it is the same per unit length of dislocation for a curved 

dislocation The resultant core traction energy is 

	

ECT = l6(l_v) 2  f 	d(length of edge 	 (13) 

	

1 	dislocation) 

It is noteworthy that there is no core traction energy associated with 

a screw type dislocation Addition of the results of Eq (13) to those 

of Eq (ii) constitutes the core traction while Eq (13) is our 

equation for the core traction energy. This correction is calculated 

somewhat differently by Bullough and Foreman due to their different 

integration technique, which involves integrating over slightly separated. 

.1ines and depends upon the relative position of the lines chosen.- Our 

technique is to integrate twice over the same line eliminating "self-

interaction" of segments by putting appropriate limits on the integrals. 

Even when the Krbner calculation is supplemented by the core 

traction energy term further uncertainty exists in the energy calculation . ... -. 

when the change in energy of a deformed loop is to be calculated. The 
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This report was prepared as an account of Government 
sponsored work. Neither the United States, nor the Corn-
mission, nor any. person acting on behalfof the Commission: 

Makes any warranty or representation, expressed or 
implied, with respect to the accuracy, completeness, 
or usefulness of the information contained in this 
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report 
may not infringe privately owned rights; or 

Assumes any liabilities with respect to the use of, 
or for damages resulting from the use of any infor-

mation, apparatus, method, or process disclosed in 

this report. 

As used in the above, "person acting on behalf of the 
Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that 
such employee or contractor of the Commission, or employee 
of such contractor prepares, disseminates, or provides access 
to, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractor. 
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