the order parameter depends little on the coordinates:
a> t,/(AT)"2, where &,=(D/T,)"? is the pair dimension.
On the other hand, the time of spatial diffusion of the
electrons in the contact must be small compared with
the period of the field, a<(D/w)'?, so as to be able to
neglect the disequilibrium of the electrons with energies
w>A, We see that at w< TAT both conditions are satis-
fied for a contact with dimension w<Da™2< TAT.

The authors thanks A. 1. Larkin and B. 1. Ivlev for
valuable discussions of the results.
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The effect of fluctuations on the properties of layered superconductors in a magnetic field parallel to the
layers is considered. The fluctuations lead to a phase transition with respect to the field. In strong fields
the long-range order is destroyed in both the longitudinal and transverse direction. The pair correlation
function falls off in a power-law manner along the layer and exponentially across the layer. In this state
the superconductivity is retained along the layers but disappears in the direction perpendicular to the

layers.

PACS numbers: 74.40. + k

In certain layered superconductors Josephson inter-
action of the layers evidently occurs. The intercalation
compounds TaS, and NbS, can serve as examples. The
spectrum of the one-electron energies in the normal
state of such compounds can be described by the depen-
dence ‘

e(p) =p,*/2m—2W cos p.d, (1)

where py is the quasi-momentum along the layers, m is
the effective mass, p, is the quasi-momentum in the di-
rection perpendicular to the layers, andd is the dis-
tance between the layers.

Josephson interaction of the layers occurs when the
electrons can move over a distance of the order of the
size of a Cooper pair without once hopping to neighbor-
ing layers. This situation obtains if the condition

w<T, (2)

is fulfilled, where T, is the superconducting-transition
temperature, calculated in the BCS approximation.

In a paper by Bulaevskii,! Ginzburg-Landau differen-
tial-difference equations were derived to describe
layered superconductors. These equations go over into
the ordinary Ginzburg-Landau equations for anisotropic
superconductors if the temperature is close to the criti-
cal temperature. In the opposite limiting case

(T~T)/T.=t>W*T;: 3)

such a transition is impossible. The most important
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differences arise in a magnetic field parallel to the
layers. The Josephson interaction of the layers leads
to the result that the diamagnetic currents are limited
in magnitude and cannot destroy the superconducting
order parameter. It was shown in Ref. 1 that only a
paramagnetic effect can lead to suppression of the
superconductivity in a parallel magnetic field. If the
magnetic field is not very strong (uH < T,, where p is
the Bohr magneton), or if the Chandrasekhar-Clogs-
ton paramagnetic limit is absent for any of the reasons
in Refs. 2-4, the modulus |A| of the order parameter
is close to the value obtained in the BCS approximation.
In this case all the magnetic properties are described
by the changes in the phase.

In a purely two-dimensional superconductor, phase
fluctuations are important and lead to destruction of
the long-range order.> However, even a very small
probability of hops from layer to layer leads to restor-
ation of the long-range order.® This result is gbtained
in the absence of a magnetic field. A magnetic field
parallel to the layers weakens the interaction of the
layers and enhances the fluctuations. In fields uH
> W/p4 the layers cease to interact and the fluctuations
become purely two-dimensional. In this region of fields
the long-range order is destroyed. The pair correla-
tion function within the layers falls off in a power-law
manner. The superconductivity is retained within the
layers but vanishes in the direction perpendicular to
the layers.
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1. CHOICE OF MODEL

We shall consider a system of conducting planes. Let
the one-electron energy be described by formula (a)
with W satisfying the condition (2). Below we shall con-
sider the region of temperatures not very close to T,
so that the condition (3) is assumed to be fulfilled. The
paramagnetic limit will be disregarded. This can be
done if the fields are not very strong: pH< T, In
strong fields the paramagnetic limit is unimportant if
electrons from different layers are paired,? if strong
spin-orbit interaction exists,® or if there is a strong
Kohn anomaly in the phonon spectrum.? Under these
conditions we can neglect changes in the modulus of the
order parameter. If triplet pairing occurs,?** the direc-
tion of the spin also fluctuates. However, these fluctua-
tions are weakly coupled with the magnetic field and
are small in all fields for all reasonable values of W.
Only the fluctuations in the phase of the order param-
eter are important. The free-energy functional F des-
cribing the superconductor in an external field H, paral-
lel to the layers can be written in the form

d 1 O, 2
FloAl=g Y [ 1= (ZVe-s.)

2nd 1 )
+2H:( 1—cos ((p..“—(pn— A=) )) ] drt 5 | (@—2HH) V.
In this expréssion,
O,=nc/e, Al=mc*l4ne’N,(T), HZ2=2xN,(T)W?/e,, (5)

where &, is the quantum of flux, A, is the London pene-
tration depth, N (T) is the density of superconducting
electrons, and the symbol V| denotes the gradient in the
plane. Below we consider the cased< ;.

In the first term in (4) the integral is taken over the
plane and a summation over all the planes is then per-
formed, while in the second term the integral is taken
over the whole volume. In the derivation of formula
(4) it was assumed that the variation of A,(z) with the
coordinate » is slow (this is fulfilled for H,<« &,/d?).
The second term in the first integral of (4) is the
Josephson energy. The expression (4) is written for
clean superconductors and band motion of the electrons
between layers. It can also be used for superconductors
with impurities if we understand the quantity N (T) to be
the corresponding quantity in dirty superconductors and
replace W by W ;. In sufficiently dirty superconductors
Wi is determined by the hopping mechanism of the mo-
tion of electrons between layers.

Using the free-energy functional (4) we can calculate
the free energy #:

F=—Th j'e-"vvfnq>, (6)

and also all the thermodynamic quantities. In the follow-
ing sections the calculations will be performed in the
limits of weak (uH < W/pd) and strong (uH > W/pg)
fields.

2. WEAK FIELDS

In the region of weak fields uH < W/py the energy (6)
can be calculated by the method of steepest descents.
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The zeroth approximation was considered in Ref. 1. The
effect of the fluctuations can be estimated by calculating
the corrections to the zeroth approximation.

Let the external field H, be directed along the X axis.
Minimizing the free-energy functional (4), we obtain
equations determining the vector potential A and phase

@

1@, 9. . 2nd
gy T (et GRA0)
2nd
+sin(q>..—q>.._.— A (n) )]=0,
D,
oH 1 (tm 09, (n)) (M
9z A\2nay )
0H 2nd 2nd
=2 e S ).
dy P, S\ Ore@ o, ™

The exact solution of Egs. (7), minimizing the free
energy, is difficult to find. However, in fields pH< W/
pA we can find a good approximation. This approxima-
tion is a lattice of anisotropic vortices, analogous to
the lattice of vortices in ordinary type-II superconduc-
tors. The solution for an individual vertex at large dis-
tances can be found by expanding the sine in Egs. (7)
and replacing the finite differences by derivatives. This
solution has the form!

u ,
tp—arctgv—, H= MK., (p). (8)

In the formulas (8),
A=0,2ndH., u=y/\;, v=z/\, p=(u*+v?)",

and K, is the zeroth-order Bessel function of imaginary
argument.

At short distances p~d/x, the sines in (7) become of
order unity, and the expressions (8) are inapplicable.
The region p~d/x, is the nonlinear “core” of the vortex.
We emphasize that inside this core, unlike in ordinary
type-II superconductors, the superconductivity is not
destroyed. The other properties of the state obtained
are analogous to those of the mixed state of type-IIL
superconductors. All the quantities can be calculated
if in the corresponding expressions we change all the
scales along the y axis by a factor of )\,/)\L and replace
£ by d. In particular, the field H_, at which vortices
first penetrate into the sample is determined from the
relation

D, A

In—. 9

Hy=—n
4y d

The vortex structure gives a good description of the
state so long as the spacing between the vortices is
much greater than the size of the core. The nonlinear
cores of the vortices begin to overlap in fields of the
order of H,:

H¢2=002¢/2ﬂd2k;. (10)

However, a more exact solution of Egs. (7) in fields

H z H_, is meaningless, since in this region fluctuations
are important. Fluctuations are small only the region
H< H_. We shall estimate their contribution in the re-
gion of fields H,, < H< H ,.

We represent the phase ¢ in the expression (4) in the
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form
P=g©+g™, (11)
where ¢ is the solution of Eqs. (7). Regarding ¢* as

a small correction we expand the cosine in (4) to terms
quadratic in <p(” and represent the free-energy function-
al F (4) in the form

- O (Vgn")?
F=F+ ——Zj[ (Zn:.)'

+H.2cos (@eai—9l” ) (@asi—@n” )'] dr,. (12)
In this expression the energy F’ is equal to the energy
of the vortex state with neglect of fluctuations. For the
calculation of the fluctuations, F’ is not important.

In the second term the vector potential A, has been
omitted in the cosine. This can be done in fields H,,
< H<H_,. Using the expression (12) we can calculate
the mean square deviation of the phase, ((¢'V)?). For
this we expand ¢‘*’ in a complete set of functions ¢ :

oV (n,1)=Y, Capuln, 7).

As the functions J, we choose the eigenfunctions of the
“Schrddinger equation”

A‘l- 2 0 0
—Ap,+ (“"‘) cos (q)vf+)i_¢(n) ) (2pg(r) =g (nt+1) _\Pw("_i))=Ec‘Pq(")-
Ad
(13)
After this it is not difficult to express the mean square
deviation in terms of the energy eigenvalues E_, of Eq.

(13):
4mT

UMD =—me } .
e

N.(T) (14)

In the derivation of this expression the formulas (5)
have been used.

In the region of fields H<«< H, the vortex cores over-
lap weakly, and the cosine in Eq. (13) can be replaced
by unity. In this case the solutions of Eq. (13) are plane
waves.

The energy E(® in the zeroth approximation is equal
to

E® =k +4sin* d( c ) .
2 \Ad
Regarding 1 - cos(¢{%), - ¢{°)) as a perturbation and cal-
culating the correction EW to the energy, we obtain for
small &,
nH H.,

e 71‘) e

E=EO+EM = k‘( )(1_
A

Substituting the energy E into (14) and performing the
integration we find the mean square deviation of the
phase:

oy mT M, aHl Ha\ ™%
@)=y E(1 chl”'IT) ] (15)

This formula shows that fields H < H_, have only a weak
effect on the fluctuations. The fluctuations in the ab-
sence of a magnetic field were estimated in the paper
by Dzyaloshinskii and Kats.® In the region H<« H_, the
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quantity (15) is small for all reasonable values of the
hopping integral.

For H = H,, fluctuations become important. In this
region the approximations used above are inapplicable.

3. PAIR CORRELATION FUNCTION IN THE REGION
OF STRONG FIELDS

In the region of strong external fields H> H_, fluctua-
tions have a substantial influence on the properties of
the superconductor. In weak fields long-range order
exists, since the phase fluctuations are small. It is of
interest to elucidate the behavior of the pair correlation
function in the region of strong fields too. Strong fields
penetrate almost wholly between the layers. Therefore,
the free-energy functional (4) can be simplified. Dis-

carding the unimportant constant terms, we obtain
F[¢]=F0[<P]+F1[‘P]s (16)

where F, and F, are determined by the following expres-
sions:

Rlol= 3= (o) L oen,

dH ? amn
Flol=— —4—;-2 f 05 (@1 —@a—rh) d'r...
In formula (17), )
h=(0.2rdH,/®s, 0). (18)

In strong fields the cosine in F, oscillates rapidly.
The contribution from F, can be regarded as a pertur-
bation. Neglecting the energy F, it is not difficult to
obtain the pair correlation function II,(R) within the
layer:

§ exp{iga (R) —ig. (0) }exp{—Fu[@)/T} Dy

o 1
= Sexp(~F.lo)/T}Dg (19
Calculating the Gaussian integral in (19), we find

IL(R) =(§/R)". (20)

In formula (20) £=v/T,_. is the Cooper-pair size. The
index o can be written in the form

a=Tm/2ndN,(T). (21)

The formulas (20), (21) show that in a strong field
the correlation function in the layers falls off in a
power-law manner, though very slowly. It is not dif-
ficult to convince oneself that there is no correlation
between different layers. These results are obtained
with neglect of F,. To calculate the exact correlator it
is necessary to replace F, by F{¢] in (19). Then, ex-
panding the exponentials in F,/T, we can bring the first
nonvanishing correction I{*)(R) to the form

1 E\*/dH2\? ¢/ Intm—R[*|m]|*
1o ®=7 (x) (%) I erarmre ) -

cos hn coshn o dn.

[ llu

It is sufficient to perform the subsequent calculations
in (22) in the limit of small a. Performing the integra-
tion in (22) in this limit and using the formulas (10),
(18), and (21), we obtain
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- () oo () () amm]

This expression is applicable for not very large dis-
tances. As R tends to infinity the third term in (23) be-
comes of order unity. In this region we cannot confine
ourselves to the first corrections.

(23)

The principal contribution for large R is made by
terms of the form

(o(H/H.,)* In RR)". (24)

Calculation shows that allowance for these terms leads
to renormalization of the index in formula (20). We
must suppose that a power-law decrease also remains
when the next corrections are taken into account. In
this case the correlator II(R) at large distances can be
written in the form

I(R) =c(£H‘l) (Ri) (hR)-, (25)

In the limit of strong fields H > H_, the functions

C(H_,/H) and B(H,,/H) can be obtained by comparing (25)
with (23):

C(Ho/H)=1-4(H./H)*, p=8(H./H)". (26)

The correlation function between different layers falls
off much faster than the correlation function in one
layer. In the zeroth approximation in (H/H_)™* the
layers do not interact with each other at all. Assuming
that the replacement F,[¢]~ F[p] has been made in (19),
and expanding the exponentials in F,/T, we can convince
ourselves that the correlations between layers at a dis-
tance nd apart have order of magnitude (H_/H)*". For
example, for n =1 a simple calculation leads to the fol-
lowing formula:

<exp {ipo (R) —iq, (R)}>=2(H../H)* exp {—ihr}. (27)

The forms of the correlation function (25) along the
layers and the correlation function across the layers in
the region of strong fields differ from those of the cor-
relation functions in the region of weak fields, in which
there is long-range order. This difference permits us
to conclude that, at a certain field of order H_,, a phase
transition occurs. We note that this critical field does
not depend on the temperature, so long as the condition
(3) is fulfilled.

The pair correlation function permits us to conclude
that there is a phase transition, but does not itself ap-
pear in any physical quantities. The next section is de-
voted to calculating some of the physical quantities, and
also to elucidating the question of the superconductivity
in the region of strong fields.

4. SUPERCONDUCTIVITY IN THE REGION OF
STRONG FIELDS

It was shown above that a strong field parallel to the
layers causes the interaction between the layers to
vanish. Electron hops from layer to layer cease to be
important. The motion of the electrons can be assumed
to be two-dimensional. To elucidate the possibility of
superconductivity in one layer it is necessary to con-
sider the possibility of formation of a vortex in one
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layer. If the probability of a fluctuation with formation
of such a vortex is nonzero the superconductivity is
destroyed, since the motion of the vortex leads to a
decrease of the current. If the probability of such a
fluctuation is equal to zero a supercurrent is possible.
The latter occurs in the two-dimensional XY model.”
In layered superconductors the problem of a vortex in
one layer requires a special analysis, since even for
two-dimensional motion of the electrons a three-di-
mensional magnetic field is produced. Neglecting the
hopping probability and minimizing the energy (4) we
obtain equations determining the vector potential:

2 A,8(z—nd) —hestAA,=® (r) 6 (2),
" ‘ (28)

A,=0, 0A,/0z+0A,/dy=0.

The equations (28) are written for a vortex at =0 in
the plane with coordinate n =0; A =A%, /d. In the
cylindrical system of coordinates the vector ® has com-
ponents

0,=0,=0, @=0,/2nr.

The right-hand side of the first equation (28) is obtained
from the condition that the phase ¢ changes by 27 when
we go round the vortex. We emphasize that the second
term in the first equation (28) contains the three-di-
mensional Laplacian. Applying a Fourier transforma-
tion to both sides of Eq. (28), we obtain

AyxqHhesr (k*+¢*) Ayxg=0,, (29)
where

Apg= j e~xr-ieA (r, z)d*r dz,

Aukq= Zj A (r,2)8(z—nd) e~ d*r dz (30)

1<
= —&" 2 AHI,, —2nn/de

Ne=—oco

Expressing A, from Eq. (29) in terms of ;4" ke and
substituting into (30) we obtain a formula for A, :

ch kd—cos qgd ] -t

A=, [sz"‘“ sh kd

(31)
To find the vector potential in a plane at distance nd
from the plane in which the vortex is situated we make
use of the formula for transformation to the coordinate
representation with respect to the Z axis:

dg

Ap(nd)=d j fsme—-‘v"da. (32)

Substituting the expression (31) into (32) and performing
the integration, we obtain

@y sh kd [f—(f—1)"]"
2khes  (P-1)™

Ap(nd)= (33)
where

f=ch kd+sh kd/2kheg;.

Using the formula (33) for the vector potential of the
nth plane, we can obtain an expression for the current
J, in this plane:
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S [®6(n)—A(rd)]. (34)

J(nd)= prp
{4

For n=0 and d - = the expressions (33) and (34) go over
into the corresponding expressions for a film.®

The energy of one vortex can be written in the form

(35)

_ 2thetr o, 1 &k
E~= 2 [ (nd)+§I.(nd)Aug(nd)]W.
Substituting the formulas (33) and (34) for d < 1, into
(35) and calculating the integral, we obtain the energy of
the vortex:

[ In R
(470) "Aesr 13 '

where R is the size of the system. Formula (36) shows
that the vortex energy increases logarithmically with
the size of the system and is not cut off at distances of
the order of the penetration depth. This dependence of
the vortex energy is characteristic for the XY model.
In this respect the situation differs from the case of a
superconducting film, in which the vortex energy is
finite.

E, (36)

The fact that the vortex energy is infinite leads to the
result that a fluctuation with formation of a vortex can-
not occur, since the probability of such a fluctuation is
proportional to exp(-E,/T). In the absence of hops from
plane to plane, arguments analogous to those for the
XY model” show that the superconductivity along the
layers is not destroyed. The response to a weak vector
potential Ay has the usual form:

M (37)
The quantity A, in (37) is expressed by formula (5).
Only in the very close neighborhood of the BCS tem-
perature (T, - T)/T.~T./€p is the contribution from
vortex-antivortex configurations important. In this
region the temperature dependence of A, is more com-
plicated.

jn=_

To estimate the influence of hops we write down the
general formula for the current in an external potential:

c D,
= m —2nvn(P—An >

In this expression the averaging is performed with the
free-energy functional (4). In the region of strong
parallel fields we expand the statistical weight
exp(-F/T) in the term describing the hops. One can
convince oneself that, in all orders of perturbation
theory, there is no contribution from slow fluctuations.
Therefore, the formula (37) with A, described by the
expression (5) is applicable in the entire region of fields
parallel to the layers.

(38)

More interesting is the behavior of the response in
the direction perpendicular to the layers. In the region
of weak parallel fields superconductivity exists in all
directions. To examine the question of the supercon-
ductivity in the region of strong fields we write the
formula for the current perpendicular to the layers:

ja(r)= 4;%:-( sin(%u"‘l’n_h'_ %A'(') ) > ’ (39
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In this formula, A, is the slowly varying external vec-
tor potential. The averaging is performed with the
energy functional (17), in which the replacement Hy

- Hy + A, has been made. Expanding the statistical
weight in the term with the hops and averaging, we ob-
tain in the first approximation

_ (ad.)*
" 8a0,T

Going over to Fourier components in (40) and expand-
ing to linear terms in A,, after calculating the integral
we obtain

(40)

s Iﬂ‘(r—r’)sin(h(r—r’)_+A,(r) —4,(r'))a’.

(41)

2.0 (1 1 1
In=—70, ('IF" 2(h+k)* 2(h—k)* )A“"
This formula shows that for -0 the response to the
vector potential tends to zero and there is no supercon-
ductivity in the direction perpendicular to the layers.
Analysis of higher orders of perturbation theory shows
that for 2 =0 the response is equal to zero in any order.

The absence of superconductivity in the perpendicular
direction has the result that, in a parallel magnetic
field, a rather small magnetic moment is produced.
Calculating the free energy in the first nonvanishing ap-
proximation in the hopping integral using the formulas
(6), (16), and (17), and using the usual formulas of
thermodynamics, we obtain an expression for the mag-
netic moment M in an external field H>H ,:

3

M=— —-H.(

162 (42)

HH.\*
~7)-
In fields H< H_, the magnetic moment can be found from
the usual formulas for the mixed state in anisotropic
superconductors.

CONCLUSION

The analysis carried out above shows that fluctuations
in layered superconductors in a magnetic field parallel
to the layers lead to a phase transition with respect to
the field. In order of magnitude the critical field is
equal to W/pdu and does not depend on the tempera-
ture. In fields lower than the critical field the fluctua-
tions are small and the mixed-state picture proposed
by Bulaevskii is applicable.! The cores of the vortices
are not destroyed in this state. The vortices occupy
fixed positions between the layers and cannot move
across the layers. This leads to the result that the
superconducting current along the layers does not de-
crease. The motion of the vortices along the layers
does not affect the longitudinal current. Neither does
it act on the transverse current, since the motion of
a vortex causes the phase in the current state to change
by 27 and this change of phase does not change the
Josephson current. Therefore, the state with small ex-
ternal fields is superconducting in all directions.

In fields greater than the critical field the supercon-
ductivity along the layers remains, although long-range
order is absent. The pair correlation function falls off
in a power-law manner. An analogous situation obtains
in the two-dimensional XY model.” The correlation be-
tween different layers is weak. There is no super-
conductivity in the direction perpendicular to the layers.
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The theory developed above can be applied to the in-
tercalation compound TaS,(Py),,,, whichdisplays super-
conducting properties at low temperatures. For W< T,
and d ~p, !, which, apparently, is fulfilled for this com-
pound, the critical field should not exceed 50-60 kOe.
Measurements in a parallel field with such values have
already been performed,® but only the longitudinal resis-
tivity was measured. It was discovered that at low tem-
peratures it is equal to zero even in very strong fields
H~150 kOe. Unfortunately, it is not possible to detect
the phase transition considered above by measuring the
longitudinal conductivity. Measurements of the trans-
verse conductivity might clarify the situation.

In conclusion the author thanks A. I. Larkin and P. B.
Vigman for a discussionon the work.
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The methods of Raman light scattering and optical probing are used to study the orientation-statistical
properties of some new nematic liquid crystals of the tolane class: methoxy-amyltolane, ethoxy-
hexyltolane, ethoxy-octyltolane. An improved method of Raman-scattering spectroscopy is proposed,
which makes it possible to eliminate the effects of multiple scattering and to develop the spectroscopy of
specimens with a thickness comparable with the scattered wavelength. On the basis of the experimental
results, single-particle orientational distribution functions are constructed for the three crystals. It is
shown that the negative order parameter observed experimentally is due to neglect of the anisotropy of
the local field of the light wave. The effect of elongation of semiflexible segments of molecules and of
increase of the mobility of their end groups on the orientation-statistical properties of a rigid molecular
nucleus is explained. It is shown that the Maier-Saupe mean-field theory agrees satisfactorily with
experiment far from the phase transition to an isotropic liquid, but that it does not give a satisfactory
description of the orientational statistics of the mesophase in the pretransition temperature range.

PACS numbers: 61.30.Gd, 78.30.Cp
1. INTRODUCTION

The physical properties of nematic liquid crystals
(NLC) are determined to a significant degree by the
orientation-statistical properties of the structure of
the mesophase. These in turn are connected with the
character of the intermolecular interactions and depend
on the chemical nature and conformational properties
of the molecules. The orientation-statistical degree of
order of molecules in a NLC is described by the single-
particle orientational distribution function F(g, 6, ¢),
which gives the probability of finding the orientation of
a molecule within a small solid angle d2 close to the
corresponding Euler angles ¢, 6,¢. The latter deter-
mine the orientation of the molecular system of coor-
dinates with respect to the laboratory system (x, y, z).
The z axis coincides with the direction of the director
r, and the x and y axes lie in the plane perpendicular
to it. On the basis of x-ray structural data it can be
concluded?'? that the directions r and -r in a NLC are
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equivalent and that the projections of the long molecu-
lar axes on the xy plane are randomly distributed.

The local uniaxiality of the nematic mesophase, the
presence of rotation of the molecules about the long
axes, and the closeness of their form to cylindrical
permit us to regard a NLC as an ensemble of uniaxial
structural units with an orientational distribution func-
tion M6). This function can be represented as a series
of even Legendre polynomials P,(cos6)*:

F(9)=Z%}-<P1 (cos 0) >P,(cos 0), (1)

where the coefficients of the series are determined by
the expression

¢Py(c056)>= [ P, (cos 6) F (0)sin 0. 2)

The first three coefficients have the form

(Pp>=1, <(P;>='/,{3cos*0—1),
{P.>="/4¢{35 cos* 0—30 cos* 0+3>. (3)
© 1979 American Institute of Physics 910



