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Transformations 
Proceedings published in Materials 
Science & Engineering, Volume A127, 
No. 2, August 1, 1990 

A workshop on First-Order Displacive 
Phase Transformations was held under the 
auspices of the Materials Sciences Divi
sion, Office of Basic Energies Sciences, 
U.S. Department of Energy, at the Clare-
mont Resort Hôtel—reputedly the largest 
wood frame structure in the world—in 
Oakland, California, on October 24-28, 
1988. It was co-chaired by Lee E. Tanner of 
Lawrence Livermore National Laboratory 
and by M. Wuttig of the University of 
Maryland. The proceedings, with a long 
but not uncommon delay of over 21 
months, appeared last August as a full is
sue of Materials Science & Engineering. 

Displacive phase transformations in 
solids are fascinating phenomena which 
hâve, so far, refused to yield to a thorough 
basic understanding, even though they are 
of fundamental importance in many mate-
rials applications and hâve been the 
subject of intensive investigations-
expérimental and theoretical, basic and 
applied, fundamental and pheno-
menological—for well over a century. 
Thèse transformations proceed by means 
of a coopérative displacement of the atoms 
from their original lattice sites: the dis
placements are a sizable fraction (approxi-
mately 10%) of the interatomic distance, 
very large in comparison with the ordinary 
lattice vibrations. During the transforma
tion the crystal symmetry is profoundly al-
tered, even though there is essentially no 
change in atomic order or chemical compo
sition of the material. 

Displacive phase transformations can be 
either first- or second-order; the former are 
usually subdivided into strong, moderate, 
and weak. Examples of second-order 
transformations are the ferroelectric insula-
tors strontium titanate and barium niobate. 
Strong first-order transformations appear 
in steels—the primordial martensites—as 
well as in some ceramics (e.g. zirconia). 
Moderate first-order transformations are 
présent in a large variety of alloys (the so-
called shape memory alloys): In-Tl, Fe-Pd, 
Ni-Ti, Au-Cd, and (the prototypical exam
ple) the ft phase of Ni-Al. Finally, weak (al-
most second-order) first-order displacive 
transformations appear, for instance, in the 
A15 intermetallic superconductors (e.g. 
Nb3Sn and V3Si) in In-Tl solid solutions. 

The workshop, which aimed at cross-
disciplinary stimulation and fertilization, 
could not completely eliminate the branch-
ing always présent in most fields of materi-
als science; whereas for thèse trans
formations the theorist tends to study the 
second-order or weakly first-order phe
nomena, emphasizing a search for univer-
sality and common trends, the applied 
scientist is mostly concerned with spécifie 
Systems and well-defined phase diagrams 
with particular purposes in mind (thèse 
most frequently involve the alloys charac-
terized by strong first-order effects); 
whereas the physicist mostly looks at pre-
cursors and order parameters which are 
susceptible to sensible—albeit not simple— 
mathematical formulations, the materials 
scientist examines the apparently over-
whelming rôle of structure and defects; 
whereas the électron microscopist is con
cerned with thin enough samples which 
yield clear images but are dominated by 
surface and size effects, the materials engi-
neer's main concerns are with the mechan-
ical properties of bulk, macroscopic 

structures. The length scales discussed in 
thèse contexts (and in the workshop) vary 
from the microscopic (less than ÎO9 m, the 
realm of quantum physics), through the 
mesoscopic (between lf>9 to 10* m, the ré
gime of électron microscopy) and up to the 
macroscopic one (greater than 10* m). 

Some of the highlights of the workshop, 
ail properly represented in the published 
proceedings, can be listed as follows: 

• Electronic-structure theorists are now 
approaching the stage in which they can 
calculate, from first principles, the equilib-
rium structure and configuration of partic
ular solids—éléments, compounds and 
alloys, both ordered and disordered—as 
functions of température, concentration 
and other externally controlled parame
ters. 

• The by-now vénérable tradition of ex-
amining phase transformation using the 
Landau formalism and the nonlinear 
Ginzburg-Landau équations has pro-
duced physical and important results only 
for second-order and weakly first-order 
transformations. The approach may, how-
ever, expérience a renaissance in the very 
near future and extend its range of validity 
if multiple— and sensibly chosen—order 
parameters (strains, composition, atomic 
order, phonon-mode amplitudes) are con
sidérée! simultaneously. 

• Singular solutions of nonlinear 
models and équations—the so-called 
"solitons"— remain primary theoretical 
tools to understand some aspects of the in-
stabilities; they await however detailed ap
plications to particular Systems. 

• Computer capabilities are approach
ing the point where molecular-dynamics 
simulations—combined in some cases 
with quantum-mechanical approaches— 
may produce results which are valid for 
real macroscopic Systems. This approach 
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of "numerical expérimentation" éliminâtes 
the need for linearization and expansions, 
so pervasive in the more traditional, ana-
lytical theoretical methods. 

• Experimentally determined softening 
of particular vibrational modes of the lat-
tice (phonons anomalies) give, in many 
cases, premonitory signatures of impend-
ing displacive transformations; study of 
thèse modes seems to yield, in some cases, 
considérable insight into the forces that 
drive the transitions. This mode softening, 
however, does not appear to occur in gên
erai, only in particular—albeit physically 
important and représentative— Systems. 

• Spectacular expérimental data—based 
on neutron, x-ray and électron scattering, 
transmission électron microscopy and 
acoustic measurements—for the /j2 phase 
of Ni-Al clearly demonstrate that this Sys
tem "prépares itself" for the transition as 
the température is lowered towards the 
martensitic transformation. This "readi-
ness" manifests itself by means of acoustic 
phonon softening, softening of modes at 
finite wavevector, elastic strain-diffuse 
streaking and satellite formation. Ail thèse 
effects are manifestations of fine-scale dis
placements consisting of homogeneous 

shears and fini te-wavevector "shuffles" in 
the lartice. 

• Temporal évolution of the transforma
tions remains, at this point, an almost un-
explored area, with promising possible 
expérimental developments but little hard 
data or reliable information. From the theo
retical point of view new formalisms to de-
scribe time-evolution of nonequilibrium 
Systems aie begging to be developed. 

• Trigger mechanisms in weakly-to-
moderate first-order transformations are 
still poorly understood, with many factors 
remaining primary candidates as either 
fundamental or secondary players; har
monie and anharmonic effects, lartice de-
fects, stochastic heterophase fluctuations. 

• Although the strongly first-order 
transformations hâve been the subject of 
intensive studies by metallurgists for a 
long time, their "nucleation and growth" 
approach remains plagued with inconsis-
tencies, controversies and mysteries. The 
initiation of the phenomenon at a given 
site—the "nucleus"—in which an "embry-
onic fluctuation" produces the "embryo" 
for the transformation seems to be at this 
time the most favored model: the many 
ideas presented along thèse Unes are still 

awaiting expérimental support. 
• Defects continue to be considered the 

primary cause of nucleation, and the es-
sential factor in the first-order displacive 
transformations. Which defects and what 
is their spécifie rôle, however, are still sub-
jects of controversy as well as of active re-
search. 

• Diffusion studies in strongly anhar
monic solids remain an as-yet poorly de
veloped tool; they may, however, 
provide—if properly developed—some of 
the fundamental missing dues. 

In summary, the workshop has high-
lighted a field of great theoretical, expéri
mental and practical importance, a field 
which has had some spectacular advances 
in the last few years. It retains, however, a 
major wealth of unsolved problems and 
unanswered questions, and constirutes a 
fertile ground for continuing research 
which is expected to yield new discoveries 
and uninterrupted progress. 

Reviewer: L.M. Falicov is a professor in the De
partment ofPhysics at the University ofCalifor-
nia, Berkeley, and holds a joint appointment 
with the Materials Sciences Division of Law
rence Berkeley Labomtory. D 

Announcing the new fully revised fourth édition ofthe established classic 

Ultrasonic Testing of Materials 
J. Krautkrâmer and H. Krautkrâmer, both, Cologne, FRG 

"...a comprehensive text covering ail 
aspects of ultrasonic testing, including 
the fundamental principles, the me
thods and instruments used, a review of 
gênerai test procédures and applications 
with an extended summary of 
approaches to spécial inspection 
situations..." 
J. Applied Méchantes 

Treats nondestructive testing from the 
physical fundamentals of ultrasonics 
and materials up to the most sophis-
ticated methods now in use. Written 
at a level that requires some know-
ledge of technical mathematics, the 
book includes tips and 

observations from the authors' 30 
years of expérience in materials 
testing. 

Reflecting récent progress in funda
mental research and applications, the 
fourth édition contains substantially 
new treatment of topics such as guided 
waves, mode changing, diffraction of 
waves, and laser techniques. It incor
porâtes the impact of microelectronic 
instrumentation on such areas as 
transducer design, phased arrays, and 
real-time imaging methods. New 
applications in the nuclear and other 
industries hâve also been added. 

1990/677 pp., 564 illus. 
Hardcover/ISBN 0-387-51231-4 
$98.00 

ToOrden callTOLLFREE 
1-800-SPRINGER (in NJ, 201-348-
4033) or send payment (including 
$2.50 for shipping) to: Springer-
Verlag New York, Inc., Attn: K. 
Quinn/Dept. RNE, 175 Fifth Ave., 
New York, NY 10010. Résidents 
of NY, NJ, and CA, please add 
sales tax for books. Instructors 
may call 212-460-1577 for 
examination copy information. 
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