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Livingston J D. The density and distribution of dislocations in deformed copper 

crystals. Acta Metallurgica 10:229-39, 1962. [General Electric Res. Lab., 
Schenectady, NY] 

Etch-pit techniques were used to 
measure the density and distribution of 
dislocation lines in copper single crys-
tals plastically deformed in tension. 
The dislocation density was found pro-
portional to the square of the flow 
stress, in quantitative agreement with 
other experimental and theoretical re-
sults. [The SCI® indicates that this 
paper has been cited over 140 times 
since 1962.] 

James D. Livingston 
Corporate Research and Development 

General Electric Company 
Schenectady, NY 12301 

July 25, 1979 
"When I arrived at General Electric's 

Research Laboratory in 1956, I was very 
impressed with the beautiful work be-
ing done there by Johnston and Gilman 
on dislocations in lithium fluoride 
crystals using etch-pit techniques.1 

Since the 1930s, plastic deformation of 
crystals had been presumed to occur 
by the motion of linear crystal defects 
known as dislocations. However, it was 
not until the 1950s that various ex-
perimental techniques had been devel-
oped to observe individual disloca-
tions. The simplest of these were the 
etch-pit techniques, which employed 
chemical etchants that preferentially 
attacked crystal surfaces at the points 
of emergence of dislocation lines, leav-
ing etch pits. From my thesis work at 
Harvard, I was aware of the great inter-
est in understanding the plastic defor-
mation behavior of pure metals such as 
copper, and aware that this under-
standing was hampered by lack of data 
on the density and distribution of dislo-
cations in deformed metal crystals. I 
recall wishing that a dislocation etch-
ant like that being used for LiF was also 
available for copper. 

"When I learned, in 1959, that Lovell 
and Wernick2 had discovered an etch- 

ant that revealed dislocations in pure 
copper, I immediately decided to apply 
this technique to the study of plastic 
deformation of copper crystals. Al-
though this decision turned out to be 
well-timed with respect to the external 
world of science, it was ill-timed with 
respect to trends within General Elec-
tric and many other industrial research 
laboratories. Basic studies such as 
these had little relevance to industrial 
products and problems, and manage-
ment support of such work had begun 
to decline. My decision to study 
dislocations in pure copper crystals 
was therefore met with a notable lack 
of enthusiasm by my manager, who 
suggested several other projects that 
he considered more interesting. I never-
theless persisted, and my copper proj-
ect was patiently tolerated for several 
years, a support for which I was and am 
grateful. 

"Soon after starting, I learned that 
Lovell and Wernick's etchant was not 
immediately suitable for the study I 
had intended. It required several 
months of patient experimentation to 
develop specimen-preparation tech-
niques and a modification of their etch-
ant before I could satisfactorily reveal 
dislocations. I then proceeded to de-
form various copper single crystals, 
etch them, and photograph and count 
dislocations produced by the deforma-
tion. The data gathered and the various 
qualitative observations made sup-
ported many of the ideas that had been 
previously developed by dislocation 
theory. In particular, the data estab-
lished a correlation between disloca-
tion density and stress that is fun-
damental to understanding the work-
hardening of metals. These various 
results were basic to many later studies 
of dislocations and plastic deformation 
in copper and other metals, presum-
ably accounting for the frequent and 
continuing citations." 
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