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A conference on the mechanical propert ies of
non-metallic solids took place in Leningrad from
May 19 to May 24, 1958. It was organized by the
International Union of Pure and Applied Physics
and the Academy of Sciences of the U.S.S.R. The
choice of the conference site was determined by
the development in that city over the course of
many yea r s of the large scientific school in the
field of solid-state physics headed by Academi-
cian A. F. Ioffe. In view of the very large scale
of the physical and technical studies of solids, it
was decided to limit the topic of the conference
to the non-metallic solids.

The conference was opened with an introduc-
tory speech by Academician A. F. Ioffe. He char -
acterized the development of crystal physics over
the course of more than half a century, a devel-
opment in which A. F. Ioffe himself has played a
most active leading role . As early as 1903, in
his work with Roentgen, A. F. Ioffe showed that
there is no elast ic after-effect in normal crys ta ls .
A normal crystal has a standard electrical con-
ductivity; dielectric anomalies in insulating c r y s -
tals a re explained by thermal dissociation and
electrolysis . Ohm's law is obeyed in dielectr ics.
The action of light or radiation also amounts to
dissociation and the motion and accumulation of
charges . These studies showed that, in the field
of electr ical phenomena, the behavior of crystals
is subject to thermodynamic laws. In studies b e -
ginning in 1918 on the mechanism of plastic de -
formation of crys ta ls , A. F. Ioffe showed by x- ray
structural analysis that the visible bending of a
crystal amounts to displacement and rotation of
its separate portions, each portion preserving its
thermodynamically stable s t ructure .

The problem of fracture of crysta ls was stated
to consist in a large discrepancy between the theo-
ret ical and actual strengths. This discrepancy was
explained by the influence of defects, and above all,
of surface cracks in which excessive s t rains a re
localized. It was shown further that la rge-sca le
fracture of a crystal has a statistical character .
An important stage in the development of solid-
state physics has been the study of relaxation
processes in amorphous solids (the studies of
P . P . Kobeko, A. P . Aleksandrov, M. I. Kornfel'd,

and E. V. Kuvshinskrf, who have revealed the
physical mechanism of relaxation phenomena in
polymers) .

After the foundations of the physics of real
crysta ls had been laid, the path was open into
the field of crystal defects. The study of these
has required a substantial increase in the p r e -
cision of the methods of study. It was these ques-
tions, associated with the defect s tructure of rea l
crys ta ls , with dislocations, and with the strengths
of solids, which were the central theme of this
conference. "I hope," said A. F. Ioffe, "that we
shall hear and discuss the theory of defects,
ra ther than the defects of the theory." He di -
rected attention to the absence at present of a
convincing theory of dislocations, and to the im-
possibility of confirming whether dislocations
constitute the only mechanism of plastic flow. In
conclusion, A. F. Ioffe formulated the basic p rob-
lems of contemporary solid-state physics. He
considered the most important of these to be the
establishment of a connection between the mechan-
ical propert ies and the chemical s tructure of sol -
ids. It would be very interesting to combine in
one substance the advantages of the different
types of bonds, the chemical and intermolecular
bonds. A. F. Ioffe expected great advances in the
study of surface proper t ies . He indicated that it
is hardly proper to draw a sharp boundary between
mechanical and the electr ical phenomena. Com-
plex investigations of these and other phenomena
a re especially suitable for application to semicon-
ductors. There is also little basis for the dividing
line between inorganic semiconductors and organic
polymers. A gradual transition must exist between
short-range and long-range order . Finally, an i m -
portant problem is that of the range of vibrations
lying between the ultrasonic and thermal ranges,
the study of the spectra of the lat ter and their an-
harmonicity, and the absorption and scattering of
acoustic waves in all frequency ranges .

The first session was devoted to plastic defor-
mation and fracture of c rys ta l s .

S. N. Zhurkov (Physico-Technical Institute,
U.S.S.R. Academy of Sciences, Leningrad) gave
a paper, "Physical Problems in the Strengths of
Solids," in which he noted the very important role
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of time and temperature factors in strength phe-
nomena, and presented the resul ts of the study of
mater ia ls of varying natures: poly- and monocrys
talline metals and alloys, ionic compounds, inor-
ganic and organic glasses , and rubber. In all
cases , the following expression for the endurance
T (the t ime between the moment of applying the
load and the rupture) appears to be valid:

UQ-1G
hT

where a is the tensile s t r e s s , and T0 , U0, and
y are constants character is t ic of the mater ia l
being studied. This formula is valid for t ime in-
tervals ranging over 8 to 10 orders of magnitude.
The fundamental characteris t ic of the strength
for a given a and T is the endurance T, rather
than the ultimate s t r e s s . The concept of ultimate
s t r e s s in this sense has only a conditional, p r a c -
t ical meaning. The molecular mechanism at the
basis of the given formula consists in the gradual
development in the s t ressed body of a certain
kinetic process . The activation energy of this
process decreases with increase in the s t r e s s :
u = u0 — ycr. According to the experimental data
obtained, u0 for pure metals is equal to the
bonding energy of the atoms in the crystal lattice.
T0 is practically identical for all substances, and
is of the order of 10~12 —10~13 sec (of the order
of the natural period of vibration of the a toms) .
The coefficient y is sensitive to the s t ructural
changes which take place on heat- treatment of a
metal , on cold work, on introduction of impur i -
t ies , etc . The measurement of the endurance for
a given a and T, as car r ied out in one cycle
( T ), or in two cycles ( T4 + T2 ), shows that T =
Tj + T2 . Hence, the changes which have occurred
in the mater ia l after the time TJ pers is t even
after removal of the load. As a resul t , the mate -
r ia l is partically broken down, and has a lowered
endurance T2 .

A paper of B. V. Deryagin and M. S. Metsik
(Institute of Physical Chemistry, U.S.S.R. Acad-
emy of Sciences, Moscow) was devoted to the
role of electrical forces in the process of cleav-
ing mica. Mica is an especailly suitable object
for the study of the forces which hinder the growth
of c racks . The very high value of the work of
cleavage (of the order of 103 e rg / cm in vacuo),
and its dependence on the ra te of the process ,
the p res su re , and the humidity, a re necessary
consequences, if one considers that the r e s i s t -
ance to cleavage depends only on molecular forces.
Electrical phenomena a r e observed in the cleav-
age of mica, in part icular , the emission of high-
velocity electrons corresponding to a potential

difference of the order of 10 kv. Study has shown
that in the cleavage process , significant forces of
electrostatic attraction of opposite charges must
be overcome. These charges have a density on
the cleavage surfaces of the order of 100 absolute
units. The electrification of these surfaces has
the character of a mosaic of sign changes, as has
been demonstrated by use of an electrometric
probe. The mechanism by which this type of e lec -
trification is generated is determined by the s t r u c -
ture of real crystals of mica containing interplanar
layers of water. Increase in the ra te of cleavage
or in the humidity acts to increase the factors
competing with the gaseous discharge by which
the surface charges a re being neutralized. The
charge density was also estimated by observation
of the Kerr effect during cleavage in benzene. On
the basis of studies of mica and other crystals
(quartz, gypsum, tourmaline, e t c . ) , the authors
ar r ive at the conclusion of an essential role of
electr ical forces in the strengths of bri t t le c r y s -
ta l s .

A paper by A. V. Stepanov (Physico-Technical
Institute, U.S.S.R. Academy of Sciences, Lenin-
grad) analyzed the data on the characterist ic
modes of deformation of crystals : slip, twinning,
and cleavage. Analysis of these data leads to the
conclusion that these processes a re two-stage
processes . They consist of the stage of the for-
mation of a slip nucleus, a twin nucleus, or a
crack, and the stage of their subsequent develop-
ment. The size of the energy ba r r i e r for forma-
tion of such a nucleus is of the same order of
magnitude as the energy ba r r i e r for a phase t r an -
sition. The central question in the problem of the
plasticity and strength of crystals is that of con-
ducting a many-sided study of the formation of
these nuclei. A paper by the author and his a s so -
ciates has shown that the elastic limit in slip is
equal to the s t r e s s at which the slip nuclei begin
to grow through the thickness of the crystal . Ap-
parently, the elastic limit for twinning and the
ultimate strength for fracture are also the s t r e s -
ses at which the growth of the nuclei of these
processes is possible. The s t ress states in the
vicinity of deformation nuclei in silver and thal-
lium halides were studied by optical methods.
Data were obtained on the residual s t r e s ses in
the vicinity of the deformation nuclei.

In a paper by R. I. Garber and his associates,
I. A. Gindln and L. M. Polyakov (Physico-Chem-
ical Institute, Ukr. S.S.R. Academy of Sciences,
Kharkov), an attempt was made to apply the idea
of micro-cracks to the description of plastic de-
formation. In describing the phenomena which
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take place in crystals under plastic deformation,
one must reject the commonly accepted way of
looking at a solid body as a macroscopically con-
tinuous medium. A plastically deformed body
must be considered as a conglomerate of more
or less perfect, ultramicroscopic blocks. The
blocks a re sintered together in such a way that
there a r e a reas of surface not in contact. Plast ic
deformation of such a conglomerate must be a c -
companied by the dispersing and the rees tabl ish-
ment and "sintering" of the blocks in their new
positions. As a resul t of this "sintering," the
cohesive forces- and continuity of the crystal a re
res tored . This leads to the conservation of the
original strength of the crystal after the regroup-
ing of the fractures , the rotation of blocks, and
the displacement and crushing of the blocks.

Yu. N. Ryabinin (Laboratory of High-Pressure
Physics of the U.S.S.R. Academy of Sciences,
Moscow) reported the resul ts of measurements
of the plasticity under axial tension of cylindrical
specimens subjected to high hydrostatic p res su re .
In the author 's opinion, the basic reason for the
increase in plasticity in the case studied here is
the change in the s t r e s s pattern under the influence
of the hydrostatic p res su re . The data obtained in
this paper agree with the well-known results of
P . Bridgman. However, for a ser ies of metals
(b rass , s teel -45) , a non-linear relation of the
limiting plasticity to the p ressu re was found; this
had not been observed previously in Bridgman's
experiments.

The resul ts of a study of the resistance of dia-
mond to abrasion were reported by E. M. Wilkes
and J. Wilkes (Clarendon Laboratory, Oxford).
The resis tance of diamond to abrasion depends
on the crystallographic orientation of the face
with respect to the direction of abrasion. The
authors used the method of micro-abrasion, which
had been proposed by Gradzinskrf. The hardness
appeared to depend sharply on the orientation of
the polished face. Thus, cubic faces exhibit only
fourfold symmetry of the hardness if they are s i t -
uated at an angle of 30° from the cubic lattice
planes. Measurements in the cubic-dodecahedral
zone show that surfaces inclined at 5° from the
cubic orientation exhibit marked anisotropy. The
ra te of abrasion of material from the surface is
proportional to the speed of grinding. This r e -
sult is in agreement with the conception of a
mechanical, ra ther than a chemical, attack on the
surface. The authors emphasize that large va r i -
ations in the observed hardness of diamond are
associated with the experimental method. The in-
fluence of the nature of the abrasive material on
the abrasion of diamond was studied in this paper.

A paper by G. P . Frederikse, R. F. Potter, and
R . B . Flippen (National Bureau of Standards,
Washington) was devoted to a study of the mechan-
ical propert ies of indium antimonide. The elastic
and plastic propert ies of InSb were studied by
means of a resonator technique at frequencies of
40 —50 kcs over a temperature range from 78° K
to the melting point. The measured values of the
three elastic constants of the cubic lattice of InSb
are in agreement with the Born-Smit theory. The
Debye temperature was estimated to be 208° K,
corresponding to the value 0 Q = 2 O O ° ± 5 ° K , de-
termined from the heat capacity. Comparison of
a se r ies of crystals led to the conclusion that the
ratio c u / c 1 2 is lowered as the ionic character
of the bond is increased; the ionic character for
InSb was estimated to be 20%. The mechanical
losses in InSb a r e strongly dependent on the s t ruc -
ture . Broad relaxation peaks a re observed for
longitudinal and torsional vibrations in the range
50° — 350° C. Study of hysteresis phenomena and
damping of vibrations indicated that the damping
is connected with dislocations. The damping is
small at 500° C, but rapidly increases just below
the melting point at 523° C.

Two theoretical papers were heard at the end
of the section devoted to plastic deformation and
fracture of c rys ta ls .

A. N. Orlov and Yu. M. Plishkln (Institute of
Metal Physics, U.S.S.R. Academy of Sciences,
Sverdlovsk) studied the conditions of equilibrium
for a one-dimensional model of a crystal . This
model was a chain of atoms for which the in ter-
action energy Vj of neighboring atoms situated
at a distance xj is

Vi=—Axi ' + Bxi ,

where A, B, and \x < v a re positive constants.
The case consisting of a large number of atoms
in a slightly-stretched chain is of special in ter -
est . It was shown that in this case there is a
metastable equilibrium configuration in which
the interactomic distance XJ at one site is s ig-
nificantly larger than at other si tes (breaking of
the chain). The authors considered a th ree -
dimensional crystal as a set of mutually-inter-
secting families of chains. With some additional
simplifying assumptions, they evaluated the c r i t -
ical size R = R c of a planar crack. For R > R c ,
the energy of a crystal with a crack is less than
the energy of a crystal subjected to a unilateral
extension.

A paper by T. A. Kontorova (Institute of Semi-
conductors, U.S.S.R. Academy of Sciences) was
concerned with the calculation of the influence of
the anharmonicity of lattice vibrations on the p roc -
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ess of plastic deformation. Ya. A. FrenkeP and
T. A. Kontorova had previously proposed a mic ro -
scopic theory of the process of plastic deforma-
tion of crystals for a very simple model. This
model was a one-dimensional chain of atoms
joined together by elast ic forces and interacting
with a periodic field in the medium. It was shown
that, along with the ordinary small oscillations in
such a chain, a collective motion of the chain be -
tween nodes is possible. This leads to a displace-
ment of the entire chain at distances which are
multiples of the lattice constant. In the develop-
ment of this theory, a calculation was made of the
influence of anharmonicity in the interaction forces
between the part icles in the chain on the process
of collective displacement. An analysis of the
initial assumptions of the theory was made, taking
anharmonicity into account. It showed that the
propagation of a displacement along the chain is
possible only when the interaction of the par t ic les
in the chain with the medium is weaker than their
interactions with each other.

The next session was devoted to the experimen-
tal study of dislocations.

Great interest and much discussion were e l ic -
ited by a report by J. Gilman and V. G. Johnson
(General Electric Laboratories, Schenectady),
"The Motion of Dislocations in Crystals of Li -
thium Fluoride." The motion of the dislocation
lines was observed by the method of selective
etching as a measure of the displacement of the
dislocations. If the t ime of application of the load
is known, then the average velocity of movement
of the dislocations may be calculated. The influ-
ence of various factors (the type of dislocation,
the plane of slip, the s t r e s s , the temperature,
impurit ies, and radiation damage) on the velocity
of movement of the dislocations was studied. As
the experiments showed, the velocity of movement
of a dislocation decreases very sharply as the
s t r e s s is lowered toward a definite cri t ical value;
below this value, movement of the dislocations
does not occur. The relation of the velocity to
the s t r e s s was followed over a wide range. This
began at a velocity of movement of the dislocation
of several atomic distances per second, and ex-
tended to 3 x 1012 atomic distances per second
(a value close to the velocity of sound). It was
possible to establish a relation between the c r i t -
ical shear s t r e s s and the multiplication of d is lo-
cations, and also to observe the interaction b e -
tween dislocations which takes place in deforma-
tion hardening.

S. A. Amelinckx (Laboratorium voor Kr is ta l -
kunde, Rijksuniversiteit, Ghent, Belgium) reported

on the results of his studies of alkali halide c r y s -
ta ls . In this work, use was made of the method of
detection of dislocations in t ransparent crystals
by microscopic observation of visible part icles
which precipitate along the dislocation lines (the
method of "decoration"). Such experiments were
conducted in varying ways in the study of disloca-
tions in the alkali halides. The different experi-
mental techniques were examined, and the resul ts
found by the various methods were compared. The
observations obtained by the decoration method
were interpreted on the basis of the modern the-
ory of dislocations.

M. V. Klassen-Neklyudova, V. A. Indenbom,
A. A. Urusovskaya, and G. E. Tomilovskll (Inst i-
tute of Crystallography, Academy of Sciences of
the U.S.S.R., Moscow) compared the resul ts of
optical studies of crystals with the distributions
of etch figures. Crystals of Al2O3-LiF were
studied by polarized light and by the method of
selective etching. The optical measurements
were compared with the density of etch figures
on the slip l ines. Also, the decrease in s t r ess
as a function of the distance from the slip line
was studied. These data gave evidence of s a t i s -
factory agreement between theory and experiment.
Some slip lines correspond to the very simple
model of a horizontal se r ies of edge dislocations.
Study of the s t r e s ses and lattice rotations a s s o -
ciated with "irrat ional twins" and the distribution
of etch figures shows that this phenomenon may
not be considered the counterpart of translational
slip, nor can it be reduced to the formation of
faulting bands or deformation bands. Movement
and multiplication of dislocations were observed.
It was shown that screw dislocations have higher
mobility than edge dislocations. In the slip lines
produced by a concentrated s t r e s s , the disloca-
tions a r e grouped in t ransverse rows, depending
on the distance from the point of application of
the s t r e s s . This effect is explained by the in ter-
action of dislocations in the parallel slip l ines.
The possibility of optical study of individual d i s -
locations was discussed.

Some resul ts of observations of plastic defor-
mation in rock salt were reported by M. P. Shas-
kolskaya and Sun Jui-Fang (Institute of Steel,
Moscow). They used the phenomenon of birefring-
ence, together with interference and electron-
microscopic studies of the surface relief. In the
initial stage, as the experiments showed, plastic
deformation takes place by means of slip. The
slip plane or the set of closely spaced slip planes
corresponds to the band of birefringence. It was
found that the lines of emergence of the slip plane
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on the opposite surfaces of the crystal were not
the same in magnitude. This is evidence of the
presence of locked dislocations in the crystal . It
may be assumed that these locked dislocations
are the cause of the residual s t r e s ses which give
r i se to the bands of birefringence. The appear-
ance of slip lines on crystals of silver chloride
was studied, along with the study of birefringence
and the detection of structural defects by the meth-
ods of selective etching and decoration. It was
shown that the wavy slip lines in the final stage
are also rect i l inear .

A. A. Chernov (Institute of Crystallography,
Moscow) indicated the possibility of deriving a
kinetic equation for steps on the surface of a c r y s -
tal . By making use of the distribution function of
the step heights, he obtained a kinetic equation
describing the coalescence and breakdown of
steps in the processes of growth and solution of
the crystal . The problem of the variation in time
of the coalescence of steps was studied.

Much interest was shown in a film demonstra-
tion of the formation of dislocation centers for
growth and evaporation of a crystal . The film
was made by G. G. LemleKn and E. D. Dukova
(Institute of Crystallography, Moscow). The
process of formation of a screw dislocation and
the appearance of a growth spiral on the surface
of the crystal were shown. The centers of spiral
growth a re formed during the overgrowth of the
re-ent rant engles of dendritic crys ta ls . Spiral-
layered growth and spiral- layered evaporation
were demonstrated, as well as the t ransforma-
tion of a growth spiral into an evaporation spiral .

V. N. Rozhanskil, Yu. V. Goryunov, E. D.
Shchukln, and P. V. Pertsov (Moscow University
and the Institute of Physical Chemistry, U.S.S.R.
Academy of Sciences) noted that the decrease in
surface tension due to adsorption of surface-active
substances has a substantial influence on the
emergence of dislocations at the surface of the
crystal , and on the formation and development of
cracks . One of the manifestations of this effect
involves the appearance of bri t t leness due to the
action of melted metallic coatings.

Three papers were devoted to mechanical twin-
ning.

R. I. Garber (Physico-Technical Institute, Ukr.
S.S.R. Academy of Sciences, Khar'kov) gave a
paper "Mechanical Proper t ies of Single Twinning
Bands." The relation of the thickness of the twin-
ning bands to the s t r e s s was studied, the s t r e s s
being applied stepwise or increased continuously.
With continuous application of the load, the ob-
served ra tes of change in the thickness of the

bands could be either diminishing, accelerated,
or steady, depending on the ra te of application of
the s t r e s s . With stepwise increase of the load,
the length, thickness, and width of the elastic
twins increase over the course of the period of
time of each addition to the load. The mechan-
ical propert ies of the twinning bands do not de -
pend on the direction of the twinning process . If
a new band is formed at a site where a previous
band had vanished, it shows the same mechanical
propert ies as the previous band had shown at the
same stage of deformation.

E. V. Tsinzerling (Institute of Crystallography,
U.S.S.R. Academy of Sciences, Moscow) reported
a very interesting "memory" phenomenon of the
quartz lattice. This phenomenon was observed in
quartz after annealing of a crystal which had been
twinned by torsional deformation. The more diffi-
cultly the crystal had twinned, the more easily it
returned to its initial state. Such a return to an
original orientation takes place only in quartz
which contains impuri t ies .

A paper of M. A. Chernysheva (Institute of
Crystallography, U.S.S.R. Academy of Sciences,
Moscow) was concerned with the peculiarities
of the deformation of polysynthetic twins, namely,
crystals of Rochelle salt . Over the temperature
range from -18° to +24°C, Rochelle salt is t r a n s -
formed from a rhombic to a monoclinic phase, and
becomes a polysynthetic twin. According to optical
data, the twin components have the form of thin
layers having uneven thicknesses. Distortions of
the twinning pattern under the influences of m e -
chanical or electric fields make it possible to
judge the nature of the crystal defects. The tem-
perature dependence of the rotation angle of the
optical indicatrix, which is proportional to the
twinning angle, was studied. This made it possible
to determine the thermodynamic potential of
Rochelle salt in the temperature range between
the Curie points.

Local deformation phenomena were discussed
in the papers of E. M. Elistratov, D. M. Vasil'ev,
and Yu. K. Auleitner.

The paper of E. M. Elistratov (Institute of
Semiconductors, U.S.S.R. Academy of Sciences,
Leningrad) was concerned with deformation phe-
nomena occurring during the decomposition of
supersaturated solutions. Data obtained from
x-ray studies were given. In solid solutions
(Be-Cu, Ag-Al, Zn-Al, Te-Ni-Al) , regions of
anomalous scattering surrounding the reciprocal
lattice points of the solid solution were found.
These were shown to be basically due to imper-
fections appearing in the matr ix itself, produced
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by the s t r e s ses caused by the nuclei of the p r e -
cipitating phase. At an early stage in the decom-
position of the solid solution (Be-Cu, Ag-Al,
Zn-Al) , cylindrical scattering regions appeared
(the so-called two-dimensional diffraction effect).
These had previously been considered to be the
effect of planar Guinier-Preston zones, but were
actually due to scattering from flat regions of
strongly decreased electron density (" submicro -
cracks") . These submicro-cracks a re deforma-
tion disturbances in the matr ix. The in terpre ta-
tion of the two-dimensinal diffraction effects as
being the effects of the form of the submicro-
cracks was well corroborated by the observation
of these effects in the decomposition of a solid
solution of copper in germanium having a very
small content of copper (~ 10~4 atom %).

D. M. Vasil 'ev (Polytechnic Institute, Lenin-
grad) read a paper, "On Micro-Stresses Appear-
ing in Polycrystals on Plastic Deformation."

In this paper, a hypothesis advanced by the au-
thor concerning the appearance of orientated m i -
c ro - s t r e s se s during plastic deformation was d i s -
cussed. This assumption permits a graphic ex-
planation of the shifts in x-ray diffraction lines
which a r e observed after homogeneous plastic
deformation. The conclusion was drawn that
disoriented mic ro - s t r e s se s (in the ordinary
sense of the t e r m ) , in general, do not a r i se
during deformation. Oriented micro-s t resse ' s ,
one may assume, a r i se because of the existence
of "strong" and "weak" regions in the plastically
deformed specimen.

Yu. K. Auleitner (Warsaw) spoke on "The De-
termination of the Orientation of Mosaic Blocks by
the Use of a Fine-Focus x- ray Tube." The method
was based on the photographic recording of Bragg
reflections, with synchronization of the motion
with the oscillations of the crys ta l . In this way,
it was possible to determine the disorientation of
mosaic blocks for angles not less than 30". The
x-ray source was a fine-focus tube built by the
author, having a focal spot of 20 — 30/^.

S. A. Amelinckx (Ghent) reported on a study
of the radiation hardening of sodium chloride c r y s -
ta l s . The surface hardening of an NaCl crystal
on irradiation with x-rays (Cu radiation at 40 kv)
was studied in relation to the distance between the
tube and the crystal and the time of irradiation.
The measured hardening corresponds to the amount
of absorbed x- rays in the different absorption bands.
It was found that an irradiated surface is etched
more intensively than a non-irradiated one. The
experimental resul ts may be explained by the a s -
sumption that the aggregation of point defects may
lead to a hardening effect.

The following session of the conference was
devoted to the hardness of amorphous solids.

A paper of M. I. Bessonov, S. K. Zakharov,
G. A. Lebedev, and E. V. Kuvshinskti (Institute
of High-Molecular-Weight Compounds, U.S.S.R.
Academy of Sciences, Leningrad) gave resul ts
of a study of the mechanical fracture of solid
polymeric mater ia ls . Mechanical fracture is a
local process consisting in the appearance, growth,
and fusion of separate cracks in the s t ressed m e -
dium under deformation. The authors studied the
fracture of polymethylmethacrylate ( Plexiglas) .
Shortly after application of the s t r e s s , numerous
t ransverse cracks appear on the surface of the
sample. These cracks widen, maintaining their
semicircumferential form. When the dimensions
of the cracks become comparable to the distances
between them, a stage of concordant growth be -
gins. Fracture takes place by the unrestrained
growth of one of cracks resulting from fusion of
the crack in question with secondary cracks . It
is interesting that in a moderately loaded speci-
men, cracks may ar i se and spread through almost
the entire cross-sect ion of the specimen without
bringing about fracture. A direct connection was
established between the fracture of the material
and the accumulation of creep deformation.

S. N. Zhurkov, V. A. Marlkhin, and A. I. Slut-
sker (Physico-Technical Institute, U.S.S.R. Acad-
emy of Sciences, Leningrad) studied the submicro-
scopic porosity of deformed polymers. To explain
the nature of the clouding which takes place in the
deformation of polymer specimens, light sca t te r -
ing, small-angle x-ray scattering, and density
changes were studied in polymethylmethacrylate
and nitrocellulose. The relation of the l ight-scat-
tering coefficient to the wavelength, the scattering
indicatrix, and the degree of polarization were
studied. These all showed that scattering takes
place according to the theory of Mie, and is caused
by the presence of submicroscopic voids with d i -
mensions of the order of hundreds of Angstrom
units. The same resul ts were obtained from the
study of the scattering of x- rays with X = 1.54 A,
and from the density changes (Ap/p ~ 10~3 — 10~2)
measured by flotation and by hydrostatic weighing.
It is possible that the formation of such voids is
the initial stage in the process of fracture of the
polymer.

A paper of G. M. Bartenev (Institute of Glass,
Moscow) was concerned with the influence of the
dimensions of the specimen on the strength of
glasses . An anisotropic effect was found. In p a r -
t icular, the strength of a glass fiber does not de -
pend on its c ross section, but depends on the length
and the degree of extension of the fiber. These
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data do not agree with the statistical theory of
strength, and may be explained by the orientation
of long chains formed of silicon and oxygen atoms.
The strength of flat glass specimens also depends
anisotropically on the dimensions, in that the thick-
ness of the plate has a different effect on the
strength from that of the other dimensions. The
strength-thickness relation is associated with the
differing surface conditions in thin and thick glass
specimens. This difference in the conditions is
apparently due to the time-dependent thermoelastic
s t r e s ses which a r i se in the process of preparation
of the glass . These s t r e s ses bring about the for-
mation of micro-cracks during vitrification. The
dependence of the strength on the other dimen-
sions may be explained by the statistical theory.

A paper by Hsiao (University of Minnesota,
Institute of Technology, Minneapolis, Minn.) was
concerned with molecular orientation and strength
of polystyrene. An attempt at interpretation of the
experimental data on the basis of a simple model
was described. The author assumed that the s t ruc -
ture of the polymer may be considered as an ag-
gregation of linear molecular elements which a re
responsible for the strength of the mater ial . The
strength depends on the degree of orientation of
these elements, and may be calculated from the
orientation azimuths. The author presented data
on the unilateral stretching of polystyrene as evi-
dence, in his opinion, of the agreement of the the-
ory with experiment. Those who entered into the
discussion did not agree with Dr. Hsiao, and stated
that the elementary model which he had considered
cannot character ize the strength of polymers.

In a paper by G. A. Lebedev and E. V. Kuvshin-
skiit (Institute of High-Molecular-Weight Com-
pounds, U.S.S.R. Academy of Sciences, Leningrad),
"Stress-Relaxation in High-Elastic Deformation of
Amorphous Materials of the Polymethylmethacry-
late Type in the Solid State," it was shown that the
time for s t ress-re laxat ion in rubber-l ike e las t ic-
ity increases sharply with decreasing temperature.
In the temperature range near the glass-transi t ion
point, deformations of appreciable size may appear
in a short t ime only under the action of large
s t r e s s e s . Studies of the conditions for the phe-
nomenon of necking and an analysis of the re lax-
ation t imes in different regions of the stretching
curve were car r ied out. These showed that the
phenomenon differs from the plasticity of metals .
When an amorphous polymer is stretched, the o r -
dinary process of s t ress- re laxat ion of the high-
elastic deformation takes place, and may be d e -
scribed by the equation of Maxwell.

Three papers devoted to the incompletely-
crystalline state were presented in the last session.

The paper of A. S. Akhmatov and L. V. Koshla-
kova (Institute of Machine and Instrument Building,
Moscow), "A Study of the Elastic Proper t ies of
Two-Dimensional Molecular Crystals of Fatty
Acids Formed on the Surface of a Crystal ," d i s -
cussed the question of the physical nature of the
mechanical resis tance produced by the adsorption
forces at the surface of a metal covered by a layer
serving as a lubricant. The authors developed and
applied a "multilayer" method which made it pos -
sible to carry out very accurate measurements .
It was shown that the fatty acids which occur in
bulk in an oily or greasy state acquire t rue e l a s -
ticity of shape in the boundary layer. The elastic
constants of the boundary layers fall off as the
thickness of the layer increases ; this indicates the
inhomogeneity of the boundary-layer phase along
the normal to the surface. It was also shown that,
when the length of the carbon chain is increased,
the shear modulus decreases , while Young's mod-
ulus increases . The authors interpreted the data
which they had obtained on the basis of the molec-
ular s t ructures . They showed that the tangential
res is tance to slip is proportional to the square of
the number of interacting groups (CH3 or CH2),
while the normal resis tance to extension or com-
pression is proportional to the cube of this num-
ber . When the carbon chain is deformed, the
compensation of the dipole moments of the C-H
bonds is disturbed, with the result of a dipole mo-
ment which is a function of the degree of deforma-
tion.

M. V. Vol'kenstein (Institute of High-Molecular-
Weight Compounds, U.S.S.R. Academy of Sciences,
Leningrad) read a paper on the subject, "The
Amorphous and Crystalline States of Polymers ."
The great tendency of polymers to form glasses
is the resul t of the relatively small mobility of
the macromolecules. A qualitative theory of v i t r i -
fication may be based on the study of a kinetic s y s -
tem having one relaxation t ime. The theory leads
to the relation

d-
~d¥

dT_
dt

T is the relaxation time and Tg is thewhere
glass-transi t ion temperature . The theory gives
a complete qualitative description of all the ob-
servable facts concerning vitrification. Incom-
pletely-crystall ine polymers must be considered
as single-phase systems, as highly defective poly-
crys ta ls . The defects, or amorphous regions, r e -
sult from kinetic and s te r ic hindrances to c rys ta l -
lization. The equilibrium state of a monodisperse,
regular polymer should correspond to complete
crystallinity. The kinetic defects decrease on
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heating or swelling, as shown by the methods of
x- ray diffraction and infra-red spectroscopy.
When an amorphous polymer is stretched, a co-
operative process occurs in each chain. This con-
s is ts in the transition of the coiled rotational i so -
m e r s into the extended ones, as may be shown
directly by polarized infra-red spectroscopy. The
author expressed his conviction of the necessity
of a re-examination of the modern network theory
of high elasticity, taking into account the bundle
structure of amorphous polymers (based on the
conceptions of V. A. Kargin, A. I. Kitalgorodskrt,
and G. L. Slonimski?) and the cooperative char -
acter of the stretching process .

G. L. Slonimskfi and A. I. KltaJgorodskil en-
tered into the discussion, indicating the necessity
of a change in the concept of "phase," as applied
to crystalline polymers. G. L. Slonimskil p r e -
sented a conception which had been developed by
V. A. Kargin and himself, according to which the
equilibrium state of a polymer corresponds to
incomplete crystallization.

A paper of A. I. Kitalgorodskil (Institute of
Element-Organic Compounds, U.S.S.R. Academy
of Sciences, Moscow) studied certain problems
in the physics of organic crys ta ls . The free en-
ergy of an organic crystal is determined by the
density of packing and the symmetry of the mole-
cule in the crystal . When the temperature is low-
ered, a significant decrease takes place in the
distances between atoms which a re not in contact
with each other. The author connects this phenom-
enon with the decrease in the role of the entropy
component of the free energy. In a number of
cases , phase transitions are observed upon heating
of crys ta ls ; the author designates these as t r a n -

ions into the " gaso-crystall ine" state. In this
process , the long-range order in the distribution
of the centers of gravity of the molecules is p r e -
served, but order in their orientations is not p r e -
served. The transition from the crystalline to
the gaso-crystall ine state is s imilar to melting.

The behavior of mixtures of optical antipodes
of gaso-crystall ine substances is of considerable
interest . Their phase diagram has the form of a
horizontal straight line. This may be explained
by the maintenance of identical dimensions of the
unit cell at all concentrations. A continuous t r a n -
sition takes place in these solutions from non-
centrosymmetric to centrosymmetric crys ta ls .
In concluding, the author mentioned the anisotropic
electrical conductivity of organic crystals and its
dependence on the nature of the packing of the
molecules. In the discussion, it was noted that
the concept of a gaso-crystall ine phase completely
coincides with the concept of orientational melting
which had been developed at one t ime by Ya. I.
Frenkel ' .

In his concluding remarks , A. F. Ioffe noted
the scientific value of the ser ies of presented
papers and of the discussion, and expressed his
conviction that the discussion at the conference
had significantly clarified the problem of dis lo-
cations .

In the name of the foreign participants in the
conference, Dr. Gilman expressed his thanks to
the Organizing Committee, and noted the success
of the conference as a step in the direction of e s -
tablishing close international cooperation among
scientis ts .

Translated by M. V. King


