
nected with the polarization vector in the dipole approxi- 
mation by the usual relations. As a result, together 
with the Maxwell equations, we obtain a closed system 
of equations for the first moments. 

As in plasma theory, the first-moment approximation 
i s  valid when the characteristic times of the processes 
under consideration are much shorter than the relaxa- 
tion times determined by the collision integrals (4.2), 
(4.3). For example, one of the characteristic param- 
eters i s  the lifetime of the radiation (photons) in the 
volume occupied by the system. 

With the self-consistent field the system has the 
particular solution 

The equations of the approximation linear in the devia- 
tions from this particular solution determine, in parti- 
cular, the wave properties of the system. The values 
of o and k for the waves are  related by the usual dis- 
persion equations, in which the functions &I1 and &I are 
determined by the formulas (3.11) and (3.12). Now, 
however, f, in them i s  the particular solution (7.3) of 
the equations with the self-consistent field. 

The account in the present work touches upon only an 
extremely small fraction of the problems of the kinetic 
theory of electromagnetic processes in systems with 
strong interaction. Of these, the most interesting are 
problems in the kinetic theory of equilibrium and non- 
equilibrium coherent states, e.g., the kinetics of phase 
transitions in the atoms-field system, super-radiance, 
etc. Of course, the derivation of the corresponding 
kinetic equations for chemically reacting systems i s  of 
interest. 

We take the opportunity to thank L. V. Keldysh for 
comments on the text of the manuscript. 
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Apparatus is described for the measurements of the influence of pressure up to 140 bar on the frequencies 
of the oscillations in the de Haas-van Alphen effect in zinc in pulsed magnetic fields up to 100 kOe. The 
pressure dependence of the areas of the extremal sections of the Fermi surface serves as a confinnation of 
the correctness of the model proposed by Rubin and Stark (The de Haas-van Alphen Spectrum of Zinc, 
Preprint, University of Chicago) for all the sections observed in experiment. 

PACS numbers: 71.25.Hc, 62.50. + p 

The Fermi surface (FS) of zinc was investigated in band can lead to nonlocality of the potential and conse- 
detail both theoreti~ally'-~ and e~per i rnenta l ly ,~ '~~  but quently to a strong deviation of the FS from the form 
to this day it cannot be said that i ts form has been fin- proposed in Ref. 1 in some parts of the Brillouin zone 
ally established. In fact, on the one hand, the form of (BZ)? The interpretation of the observed oscillations 
the FS agrees well with the model of almost free elec-' in the de Haas-van Alphen effect is made difficult by 
trons,' but the presence of d states in the conduction the complexity of the "bare" form of the FS and by the 
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magnetic breakdown that is produced in zinc in the re- 
gion of sufficiently weak magnetic fields. It is precise- 
ly by invoking magnetic breakdown between the cross 
sections of the "monster" in the second BZ through the 
"needle" in the third BZ and of the monster through the 
"pocket" in the first  BZ that Rudin and Stark8 succeeded 
in interpreting the frequency spectrum of the oscilla- 
tions in the de Haas-van Alphen effect. Inasmuch as 
model considerations make is possible to estimate the 
signs and changes of the oscillation frequencies with 
changing pressure, the baric coefficient d l n ~ / @  can 
serve, alongside the values of the cross sections, their 
angular dependences, and the angular dependences of 
the effective masses of the electrons, as  a confirmation 
of any particular interpretation of the observed oscilla- 
tion frequencies. To this end we have measured in the 
present study the baric coefficients in strong magnetic 
fields for all FS sections observed in the (1120) plane. 

EXPERIMENTAL TECHNIQUE 

We used a true hydrostatic pressure transmitted by 
liquid helium, while the change of the oscillation fre- 
quencies were determined from the phase shift of the 
oscillations in a manner similar to that proposed by 
Templeton" in measurements in stationary magnetic 
fields. For metals having a complicated FS (such a 
metal is zinc), at any direction of the magnetic field, 
several extremal FS were observed simultaneously, so 
that a Fourier analysis is required of the recorded 
oscillations in order to separate the frequencies and to 
measure the individual phase shift of the oscillations 
stemming from each extremal section. In pulsed mag- 
netic fields, using a resonance procedure to record the 
signal,12 the separation of the oscillation frequencies is 
by electronic means and difficulties remain only in the 
case of strong overlap of the resonance bursts. 

The phase shift of the oscillations under pressure, in 
the case of measurement in pulsed magnetic fields, can 
be measured accurate to -lWo at an oscilloscope sweep 
triggering stability sec. It is possible, however, 
to use less stable triggering if one records simultan- 
eously the oscillations from two samples, one of which 
is in the high-pressure vessel and the other one is not 
under pressure. In this case the oscillations of the 
second sample serve a s  markers relative to which the 
phase shift of the oscillations of the sample under pres- 
sure are measured. 

A block diagram of the setup is shown in Fig. 1. The 
pulsed magnetic field (H,,,,,-100 kOe) was generated in 
the apparatus described in Ref. 6. To synchronize the 
triggering of the entire system, the mechanical dis- 
charger was replaced by high-power TDZ-500 thyris- 
tors, and to turn on the apparatus at the same voltage 
on the capacitors (accurate to * 1 V), the pointer-type 
meter was replaced by a type V2-19 digital one. 

Two identical samples of the required orientation 
were mounted on glass holders in two identical thin- 
walled stainless-steel tubes of 1.35 mm diameter; one 
tube was connected on the upper part with the helium 
bath, while the other was connected to a capillary that 
communicated with a flask of high-purity helium. The 

FIG. 1. Block diagram of setup: 1-Thyristor starting block, 
2-dicharger, 3-G5-15 startup generator, 4-preamplifier- 
filter of first channel, 5-preamplifier-filter of second chan- 
nel, 6-power pack for preamplifier-filters, 7-G5-26 de- 
layed-pulse generator, 8-S1-18 oscilloscope, 9-ChZ-35 A 
frequency meter, 10-flask with high purity helium, 11-shunt, 
12-solenoid, 13-receiving coils, 14-samples, 15-liquid 
nitrogen, P-manometer. 

pressure was determined accurate to -1% by a precis- 
ion manometer. Two identical receiving coils were 
wound on the tubes, and formed together with parallel-. 
connected capacitors resonant circuits tuned to f =33 
kHz. After amplification in preamplifier filters, the 
signals were applied to the two inputs of a S1-18 two- 
beam oscilloscope. The starting pulse was produced 
by a G5-15 generator and was applied to the thyristor- 
triggering block, to the delay generator G5-26, and to 
frequency meter ChZ-35A, which measured the delay 
time 7. The delayed pulse from the output of the gen- 
erator G5-26 was fed to the oscilloscope triggering in- 
put. To observe the entire pattern of the oscillations 
and to perform amplitude measurements, the oscillo- 
scope was tirggered with an undelayed pulse. To mea- 
sure the phase shift of the oscillations under pressure, 
the triggering took place at the instant of time 7 corre- 
sponding to the maximum resonant burst of the osci l la~ 
tions of the corresponding frequency, and photographs 
were taken of several oscillations at a sweep 10 @set/ 
cm at atmospheric pressure, at several values of the 
pressure, and after the pressure was removed. The 
baric coefficient 

where A q  is the phase shift of the oscillations of fre- 
quency F, measured in the field H, was determined on 
the basis of the time 7 measured with the frequency 
meter and of the parameters w and 6 of the damped 
magnetic field H=H,~:'~ sinwt, using the formula 

The er ror  in the determination of the baric coeffi- 
cient consisted in the e r ror  in the determination of 
A q  (15-2%), due to the width of the oscilloscope beam, 
and also the errors  in the calibration of w and 8 (-%I, 
in the determination of 7, and in the determination of 
the applied pressure p . The total error  ranged from 
10 to 3%. The phase shift was determined reliably 
when the resonant burst did not overlap the neighbor- 
ing bursts. In the case of a strong overlap of the bursts 
coming from close extremal sections, the phase shift 
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can differ noticably from the phase shifts of each of the 
oscillations, and the sign of the shift can differ from 
those of the initial oscillations. This calls for the ex- 
ercise of particular caution in the interpretation of the 
phase shifts for oscillations with beats. The measure- 
ments were therefore carried out mainly for well re- 
solved resonance bursts. 

The zinc samples required orientation were cut from 
a bulky single crystal and measured lox l x  0.8 mm. 
After etching in dilute hydrochloric acid, the trans- 
verse dimensions were -0.5 mm. The sample orienta- 
tions was made more precise by x-ray diffraction, ac- 
curate to - lo. The axes of the investigated samples 
coincided with the magnetic field direction and were in 
the (1120) plane. 

To determine more accurately the solenoid parame- 
ter  H, five oscillation frequencies were chosen in the 
region 0 < e <30°, and H, was determined from the known 
values of these frequencies.' When such a calibration 
is used, the frequencies obtained from measurements 
in pulsed magnetic fields agree within 3% in the entire 
angle interval with the oscillation frequencies obtained 
in a stationary magnetic field.' 

MEASUREMENT RESULTS 

1. The FS of zinc in the model of almost free elec- 
trons' and in the model of the local pseudopotential is 
located in the first four BZ, with the first and second, 
as  well as  the third and fourth zones separated on the 
(0001) faces by narrow spin-orbit gaps. In the first 
zone are located the pockets, in the second the monster, 
in the third the lens, needle, and butterfly, and in the 
fourth the cigar. Allowance for the nonlocality of the 
potential2 hardly influences the dimensions of all the 
parts of the FS, with the exception of the butterfly and 
the cigar, which should not exist in this approximation. 

The frequency spectrum of the oscillations in zinc 
has a number of branches that are uniquely connected 
with the sections of the lens, the needle, the monster, 
and the pockets, and also a number of branches whose 
interpretation is ambiguous. The energy spectrum of 
the electrons in zinc has narrow gaps, so that magnet- 
ic breakdown takes place in relatively weak magnetic 
fields and leads to the appearance of new magnetic- 
breakdown sections. Rudin and Stark,' starting with 
the absence of a butterfly or a cigar in the data of Ref. 
2, proposed an interpretation of the observed oscilla- 
tion frequencies by dividing them into three groups. 
The picture proposed by them is shown for the (1120) 
plane on Fig. 2, where the solid lines were drawn in 
accordance with the data of Ref. 8, and the points cor- 
respond to those cases and orientations for which we 
measured the baric coefficients in the present paper. 

According to this interpretation, the first group in- 
cludes the oscillations connected with the sections of 
the pocket ct, the monster p, the lens X, and the needle 
(not marked on Fig. 2). The second group includes the 
magnetic-breakdown oscillations designated by the 
letter A. The origin of such sections can be explained 
using as an example sections perpendicular to the hexa- 

FIG. 2. Oscillation-frequency spectrum in (1120) plane. The 
solid lines were drawn through the points of Ref. 8. The light 
circles denote frequencies for which the bari coefficient was 
measured. The dark points correspond to oscillations not ob- 
served in Ref. 8. 

gonal axis. On the AHL plane, the pocket and monster 
are imbedded in each other and are separated by a spin- 
orbit gap. In the plane parallel to AHL but located a 
distance k, from it, the arms of the monster, which are 
in contact along the vertical edge of the BZ, form a tre- 
foil in which the triangle of the pocket is imbedded. 
With increasing k,, the area of the section enclosed by 
the trefoil increases, and the area of the cross section 
of the pocket decreases, i.e., neither section is extre- 
mal. The magnetic breakdown can give rise to a sec- 
tion that encloses both the monster section and the 
pocket section, and turns out to be extremal. Depend- 
ing on the number of breakdown acts and reflection 
acts, and entire set of such extremal sections is pro- 
duced, and all are connected with one another by defi- 
nite relations. 

The third group of sections is made up of magnetic- 
breakdown orbits designated by the letter B. They are 
the result of breakdown through the needle near the 
point K in the BZ between the sections of the monsters 
located in three neighboring zones in the repeated-zone 
scheme. Without magnetic breakdown, the monster 
section pl is realized, and breakdown through the need- 
le between two other sections of the monster gives rise 
to the section B:, while breakdown of all the gaps re- 
sults in the section B:, which encloses all three parts 
of the monster. At H (1 [0001] there is produced, in ad- 
dition, a section B: which passes on the inside of the 
horizontal arms of the two monsters in the repeated- 
zone scheme with breakdown through the needle. 

Experiments performed under pressure yield addi- 
tional information on the extremal sections. A com- 
parison of the obtained baric coefficients with model 
representations leads to the conclusion that it is cor- 
rect to identify the section with the observed oscilla- 
tion frequency, and if the magnetic breakdown sections 
have areas connected by definite relations, the same 
relation should hold also between the baric coefficients. 

2. The oscillations connected with the lens section 
were measured under pressure in the angle interval 
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FIG. 3. Baric coefficient (dlnS/dp) . lo3  kbar4 for lens (A- 
our present data, A -data of Ref. 13, solid line-calculation 
ia the 2-OPW approximation) and for the sections of group 
A: (0-for ffi andA !, 0-forA5 , V-for~z  , @-data of 
Ref. 14 for A; . 

30'4 13 490". The baric coefficient was negative in the 
entire measurement interval (Fig. 3) and agrees with 
the data of Ref. 13 (black triangles in Fig. 3) as  well a s  
with the calculation of d l n ~ / &  obtained in the 2-OPW 
approximation on the basis of the results of Ref. 13. 

3. The frequencies of the oscillations a: and A: were 
observed at the angle interval 0 4 e 480". In the interval 
0 4 8 <60° the oscillation amplitude i s  very large, and is 
noticeably smaller at 60°< e <80°. In the region 8 = lo0, 
a complicated beat picture was produced, due apparent- 
ly to superposition of the frequencies of the oscillations 
A:, A:, A:, and A:. Under pressure, the frequencies 
A: and a: decrease (Fig. 3), in good agreement with the 
data d Ref. 14 at 8 =20°, while at 8 = 50" they agree with 
the value (- 10.7* 1)x104 kbar-' obtained by a modula- 
tion procedw in a stationary magnetic field. Our data 
differ from the earlier results obtained in Ref. 13 for 
the frequencies of the oscillations A:, and possible 
causes of the discrepancy will be discussed below. 
Near the hexagonal axis, the results of the measure- 
ments of the influence of pressure on the frequencies 
of A: a n d ~ i  (Fig. 3) agree with the data of Ref. 13 in 
the same angle interval. 

At H I([0001] we observed small-amplitude oscillations 
with frequency F=2.9x 10' Oe (S=0.0775 at. un.), which 
are not observed in the frequency spectrum.' Under 
pressure this frequency decreased with a coefficient 
-(lo * 1.5) x 104 kbar-l. 

Thus, for the sections of this group, at magnetic- 
field directions close to H 11[0001], the relations be- 
tween the section areas8 and between the baric coeffi- 
cients for these sections (the data of Ref. 13 and of the 
present paper) are in agreement. The negative baric 
coefficient indicates also that these sections belong to 
the monster-pocket magnetic-breakdown orbits. Oscil- 
lations with frequency F = 2.9 x lo7 Oe at H 11[0001] can 
also be included in this group, in view of the satisfac- 
tion of the relation between the frequencies F =F (A:) 
+F(A2 and the baric coefficients 

FIG. 4. Baric coefficient (dlnS/dp).l~~kbar" for the sections 
B :  (a), Bf (01, and ~ C l j  (4. 

Indeed, F(A:) = 1.1~ lo7 Oe, F ( A ~  = 1 . 7 ~  lo7 Oe, 
d l n ~ ( ~ : ) / & =  - 1 2 . 3 ~  lo-' kbar", d l n s ( ~ g / & =  - 11.5 
x 10" kbar-', dln~/cqb= (- lo* 1 . 5 ) ~  lo9 kbar-' and, ac- 
curate to I%, (- 1 0 i  1 . 5 ) ~  lo-' kbar-'=-11.5~ lo-' 
kbar-'. 

The oscillations connected with theA: branch go over 
in accordance with Ref. 8 at e> 60" into oscillations con- 
nected with the section of the pocket a: (Fig. 2). The 
frequencies of the oscillations for the branchA: -a: 
decrease under pressure (Fig. 3), and this decrease 
i s  larger at e>60°, a fact that may offer evidence in 
favor of dividing the branch into two groups of oscilla- 
tions. 

4. The oscillations corresponding to the branch B: 
were observed in the angle interval 20'4 e < 70°, and the 
oscillation frequencies decreased in the entire angle 
interval (Fig. 4), with a baric coefficient that ranged 
from (-2.7*0.4)x lo-' kbar-' at 20" (-8* l . l ) ~ l O - ~  
kbar-' at 70". The branch B: coincides with the branch. 
B obtained in Ref. 5, and with that part of the branch C 
of the same reference (at 8 > 55") which was interpreted 
as being connected with the butterfly section. The nega- 
tive baric coefficient indicates that the single B-C 
branch coincides with the B: branch and that at 8>55" 
the observed oscillations cannot be identified with the 
butterfly section, inasmuch as the latter should have, 
according to all estimates, a positive baric coefficient. 
At 8 = 40" and at T = 2.5 K, under evacuation, a weak 
burst was observed, of the same frequency as the de- 
cending part of the C branch, but whose frequency in- 
creased with pressure, with a coefficient (+3 * 2 ) ~  10" 
kbar"'. This burst, however, was close to a strong 
burst with frequency so that there is no absolute 
assurance concerning the magnitude and sign of this 
shift. 

The oscillations of frequency were investigated 
under pressure in the angle interval 30°< 8 4 70" (Fig. 
4). At angles from 40 to 60" the oscillations had the 
characteristic form of beat patterns. These beats 
could be due either to superposition of frequencies con- 
nected with sections of the type but located in other 
parts of the BZ, or to superposition of the frequencies 

and B:. To exclude, in the determination of the baric 
coefficient, the arrow connected with the possible 
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superposition of the frequencies pi and B:, the phase 
shift was determined not exactly at the center of the 
hrst, but slightly away from the center towards 
stronger fields. At 0 = 65, 70, and 30°, the bursts 
from pi and B: were distinctly separated, and the val- 
ues of dlnS/@ for these angles are shown in Fig. 4. 
The amplitude of the oscillations with frequency B: is 
very small in the entire interval, and the absence of 
oscillations at 40" < 8 <60° may be due to the fact that 
they cannot be distinguished against the background of 
the powerful bursts connected with the frequency pi. 

Oscillations with frequency B: were observed at 0 
= 10" and exhibited an increase of frequency with a co- 
efficient (+ 2.2 0 . 6 ) ~  kbar-'. In the 1-OPW ap- 
proximation it is easy to estimate the baric coefficient 
for such a section; the estimate yielded the value 
d lnS(B;)/dp =3 1 x lo* kbar-', which is in good agree- 
ment with experiment and confirms the intepretation of 
the B: branch. 

5. The main result of this paper should be taken to 
be the confirmation of the model proposed in Ref. 8 to 
explain the observed sections of the FS of zinc. No un- 
equivocal conclusion can be drawn from our present 
paper concerning the existence of electron surfaces in 
the third and fourth BZ (butterfly-cigar). In fact, the 
expected positive baric coefficient could not be observed 
for any branch of the spectrum that might be identified 
with these sections. It was proposed in Ref. 5 that 
branches A: and A: (labelled K and J in Ref. 5) corre- 
spond to the cigar and butterfly sections, while the 
branch C (at e>50° this section is, at any rate, close 
to the section B:) also corresponds to the butterfly sec- 
tion. The negative baric coefficient for the foregoing 
sections rejects this interpretation. The only point at 
0 =40°, corresponding in frequency to the decending 
part of the C branch with positive baric coefficient, can 
apparently not offer evidence that this point belongs to 
the butterfly section. It should be noted that in Ref. 5 
the oscillation frequencies ascribed to the butterfly 
were observed with sufficient amplitudes only at T < 2 K, 
whereas in the present paper the Bf branch was reliably 
measured at 4.2 K and with decreasing temperature the 
oscillations with the frequency of the branch C could not 
be distinguished against the background of the oscilla- 
tions with frequency B:. 

6. We have previously measuredn the baric coeffi- 
cients for many of the sections measured in the present 
paper. Our present results agree well with the data of 
Ref. 13 at magnetic-field orientations along the principal 
crystallographic directions, thus confirming the con- 
clusion drawn in Ref. 13 that the pseudopotential depends 
on the pressure. At intermediate orientations, how- 
ever, there is a considerable discrepancy between the 
present data and those of Ref. 13, and we must dwell on 
their causes in greater detail. 

Thus, for the frequency A: we observed in Ref. 13 at 
40°< 0 < 70" a positive baric coefficient. Since the earli- 
e r  measurementsB were made in a stationary magnetic 
field, to exclude the possibility of an error  due to the 
difference between the measurement procedures, we 
repeated the measurements under pressure in a station- 

ary field at e = 50" and Fourier-analyzed the recorded 
oscillations. The result, (- 10.7* 1 ) ~  10" kbar-', 
agrees well with the (- 11 * 1.7) x lo9 kbar-' obtained 
by measurements in pulsed magnetic fields. This gives 
grounds for assuming that the present results are quite 
reliable. The measurements in Ref. 13 were made by 
two methods. In the first method the samples were cut 
out along the principal crystallographic directions and 
were tightly fitted in a narrow channel of the high-pres- 
sure vessel. These results agree well with the results 
of the present study, so that the pseudopotential matrix 
element calculations made on the basis of these mea- 
surements can be regarded as  perfectly reliable. 

In the second method, the measurements were made 
in a wide range of angles with the sample rotated in a 
spindle placed in the high-pressure vessel. These re-  
sults do not agree with our present results. The main 
cause of the incorrect results of Ref. 13, which were 
obtained by the second method, is an error  in the con- 
struction of the high-pressure vessel with the spindle. 
In that construction, a rotating drum containing the 
sample was fastened on the vessel wall, and the drum 
was rotated through a long rod hinged to the r im of the 
drum. The pressure lengthened the vessel walls 
(- 0.2-0.3 mm), thus turning the drum through an angle - 2-3" in proportion to the applied pressure. As a re- 
sult, the change AS of the area of the extremal section 
of the Fermi surface was due both to pressure, 
(as/ap)~p, and to rotation of the sample, ( B S / ~  6)A 0. 
At orientations such that S/BO for the given section is 
close to zero, our present results and the data of Ref. 
13 are close, while for orientations where as/a0 is 
large, the discrepancy between the results is also 
large. 

Another source of e r ror  may be that in Ref. 13 no 
Fourier analysis was made of the recorded oscilla- 
tions, and in particular no Fourier analysis was made 
of the individual shifts in the case of beats between 
close frequencies. This source uf error,  however, 
seems less significant than the rotation of the crystal. 
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for constant interest in the work, and R. G. Arkhipov, 
0. A. Voronov, and A. P. Kochkin for a discussion of 
the results. 
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The structure of the more and of the less symmetric phases between which a phase transition occurs are 
regarded as being distorted with respect to a still more symmetric phase, which is called the parent phase. 
The distortions of structure of the phases are described by means of a single irreducible representation of 
the symmetry group of the parent phase. It is shown that when these distortions are small, i.e., when the 
phase transitions are close to a multicritical point on the phase diagram, the constants of Landau's theory 
for the transitions under consideration have anomalous values, which show up both in the temperature 
variations of thermodynamic quantities and in the narrowness of the range of inapplicability of Landau's 
theory. Within the framework of the Landau theory, these phase transitions can be only transitions of 
second order. The treatment is carried through for the case of an arbitrary type of two-dimensional 
irreducible representation of the symmetry group of the parent phase. 

PACS numbers: 05.70.Jk, 64.60.K~ 

It is known that Landau's1 phenomenological theory 
applies well to structural phase transitions (so far  it 
has not been possible to detect with certainty, for any 
crystal, a range of inapplicability of this theory). 
Moreover, the material constants of crystals contain 
no small parameter that might enable us  to demonstrate 
a physical reason for the narrowness of this region, a s  
is the case, for example, for phase transitions into 
the superconducting state.2 As will be shown below, it 
is possible to demonstrate such a reason for a quite 
broad class of structural phase transitions. It is known 
that the structures of many crystals are often only 
slightly distorted with respect to more symmetric 
structures: the so-called pseudocubic and pseudohexa- 
gonal crystals and others. Such a slight distortion can 
also serve as the small parameter that determines the 
good applicability of ~andau ' s  theory to the structural 
phase transitions under consideration. In other words, 
the set of constants that characterizes the region of in- 
applicability of Landau's theory is a small quantity in 
proportion to the smallness of the distortion; and the 
other constants, determining the temperature variations 
of thermodynamic quantities, are anomalous. 

Phase transitions from a more symmetric phase to a 
less symmetric will be treated below within the frame- 
work of Landau's theory; not, however, on the basis of 
a thermodynamic potential written for the more symme- 
tric phase, but on the basis of the thermodynamic po- 
tential of a still more symmetric phase-the "parent 
phase,"g with respect to whose structure the more and 
the less symmetric phases are only slightly distorted. 

For definiteness, we shall consider phase transitions 
between phases that correspond to a single two-dimen- 
sional irreducible representation of the parent phase. 

All possible two-dimensional (mathematically) irre- 
ducible representations of the space groups of crystal. 
symmetry can be classified according to the degree of 
one of the two independent invariants. Designating the 
basis functions of the representation by 17 and 5 and in- 
troducing suitable polar coordinates p and cp, 

4-p cos cp ,  ~ = p  sin c p ,  (1) 

we can express the independent invariants I and 1' in the 
form4 

I=$, ~ ' = p *  cos ncp, (2) 

where n is an integer; n )-3. Thus the two-dimensional 
irreducible representation, designated hereafter by E ,, 
can be characterized by the number n. 

The thermodynamic potential iP for the representation 
E n  can be written as a series of powers of the invariants 
I and I' of (2): 

@ = ~ z + @ I ~ + ~ I ~ +  . . . +a1Zr+i3'zfL+ . . . + f i " ~ ~ ~ +  . . . (3) 
To this potential, a s  follows from the condition that iP 
shall be an extremum with respect to the variable cp, 

a@/acp=@,=(D,.Z,'- (a'+2i3'Z1+i3''I) (-npn sin ncp) =O, 

correspond four types of solution: 
0 )  p=O. 
I), 2 )  sin ncp=O, cos ~ ~ v = r l ,  

a'+$"p2 
3)  cos ncp = - ----- 2@'pn ' 

863 Sov. Phys. JETP 48(5), Nov. 1978 0038-5646/78/11086344$02.40 O 1979 American Institute of Physics 863 


