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ficients in the temperature interval from 200 to 300° C, i.e., the vicinity of the phase transition point. 
As can be seen from the figures the elasticity coefficients of an NaN03 crystal change in different 

manners at the phase transition point: the constant s 33 exhibits a jump, while in the case of the coeffi
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cients s 11 , s 44, and s 12 only the derivatives with respect to the 
temperature show a true jump. As Dzialoshinskii and Lifshitz1 

showed, this fact is in agreement with the theory of one phase 
transition of the second kind. 
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The angular distribution of polarization arising in (p-p) scattering was studied in the range 
11.6 :::; e :::; 90.3 ° (ems) by means of single and paired telescopes of scintillation counters. A 
proton beam of 635 Mev energy and polarization of 0.58 ± 0.03 was employed. An analysis of 
the results of measurement of the differential cross-sections a0(8) for elastic scattering of 
657 Mev unpolarized protons, was performed on basis of the optical model of (p-p) scatter
ing with the aim of establishing the nature of interference between the Coulomb and nuclear 
scattering amplitudes. The polarization data can be satisfactorily approximated by a func
tion of the form ( 9 ). The presence of the term sin 8 cos 8 P 4( cos 8) in this formula indicates 
that triplet F-states play an important role in the scattering. It is found that at 635 Mev the 
polarization in quasi -elastic (p-p )-scattering by beryllium comprises about 85% of the po
larization of protons scattered by hydrogen. 

I. INTRODUCTION 

IT is well known that the empirical facts examined by nuclear shell theory as well as the observations 
on the polarization of fast nucleons resulting from elastic scattering by nuclei are in general agreement 
with predictions based on the assumption that nuclear forces have a non-central character connected in 
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some way with a spin-orbit interaction. The source of such interactions between nuclei, in the final anal
ysis, must be a tensor force between pairs of nucleons. As a result of such forces, nucleon-nucleon inter
action in the triplet state gives rise to a polarization of the secondary nucleons. This was first observed 
by Oxley et al.1 

The use of high energy polarized nucleons in nucleon-nucleon scattering experiments gives information 
on the two-nucleon interaction in various spin states. The number of independent experiments needed to 
analyze uniquely the data from these experiments depends, in the last analysis, on the structure of the 
scattering matrix. According to Wolfenstein2 the general form of this matrix in (p-p) scattering is: 

M = DS + C (aJ + a2) n + lf2G [(a1k) (a2k) + (a1p) (a2p)j T + 1M1 [(a1k) (a2k)- (a1p) (0"2P)l T + N (:11n) (a2n) T, ( 1) 

where a1 and a2 are the Pauli spin operators for the incoming and struck protons, S and T are the sing
let and triplet projection operators, n, k, and p are unit vectors directed along ki x kt• kf - ki and ki + kr• 
respectively; here ki and kf are the initial and final momenta in the center of mass system ( c.m.s.). 
Thus the scattering of protons by protons is described by five complex amplitudes, B, C, G, H, and N, 
which depend on the energy and on the angle of scattering e. Of these, B, C/sin e, and H are even func
tions and G and N are odd functions of cos e. 

Independent experiments on single, double, and triple scattering of protons are needed to establish the 
amplitudes of the scattering matrix L Eq. ( 1) ].2•3 The first step in this direction is the measurement of 
the differential cross-section of scattering for an unpolarized beam impinging on an unpolarized hydrogen 
target, a 0( e); the next step is a measurement of the polarization P (e) in the scattering of an initially po
larized beam by an unpolarized hydrogen target. Triple scattering in one plane and triple scattering 
under conditions where the planes of the successive scatterings are perpendicular to each other determine 
the magnitude of the parameters D (e) and R (e). These represent the changes in magnitude and d~rection 
of the polarization vector upon second scattering. a 0 (e), P (e), D (e), and R (e) can be expressed as 
functions of the amplitudes of the scattering matrix in the following way: 

:Jo (fJ) = 1/q i B 1
2 + 2 i C 1

2 + 1/4 i G- N i2 + 1/2! N 1
2 + 1/zf H 1

2 , 

a<J (0) · P (fJ) = 2 Re (CN), 

cro.(O) [ 1- D (fJ)] =o 1/4 I G- N -- B i2 + j H i2 

which become in the non-relativistic approximation 

cr 0 (fJ) R (0) = 1/ 2 Re [(G- N)' (N +H)+ B' (N- H)j co~;%+ Im [C (G- N +B)] sin{. 

( 2) 

(2a) 

(2b) 

(2c) 

Further experiments can be directed either toward the observation of triple scattering under condi
tions where a magnetic field is introduced between the first and second scattering perpendicular to the 
momentum of the singly scattered proton and the vector n, as was done by Segre 's group, 3 or toward 
measurement of the components of the correlation tensor of polarization Pik·4 - 6 

In principle, the execution of five of the described experiments determines uniquely the scattering ma
trix at energies less than or close to the threshold of 7!'-meson production.6 However, at higher energies, 
where inelastic processes begin to play a significant role, the determination of the elements of the scat
tering matrix and the unique determination of the phases from experimental data becomes very difficult. 
The study of polarization effects in inelastic collisions can give significant additional evidence on the 
character of the ( p-p) interaction. 1 

The work described below, a part of the program of studying elastic and inelastic (p-p) collisions on 
the six meter synchrocyclotron of the Joint Institute for Nuclear Research, was undertaken with the pur
pose of getting evidence on the angular distribution of the polarization in (p-p) scattering at 635 Mev. 
The results of measurements of the differential scattering cross-section of unpolarized protons by pro
tons in the same energy region have been reported earlier.8 -to 

2. EXPERIMENTAL PROCEDURE 

The object of the experiment was the measurement of the asymmetry of the scattering of a polarized 

protonbeambyprotons. This asymmetryisdefined by the relationship E =~~~,where L and R are 
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the normalized counts of protons scattered to the left and to the right (seen by an observer looking along 
the beam) at the same angle relative to the beam and in the plane of the original scattering producing the 
polarization. The technique of obtaining a polarized proton beam at the six meter synchrocyclotron and 
the determination of the energy of the protons in such beams has been described in our previous paper .11 

In this work we used the beam B (in the nomenclature indicated in Fig. 1 of Ref. 11) containing polarized 
protons with an energy of 635 ± 15 Mev. This beam had an intensity of about 105 protons/cm2 sec at the 
position of the second scatterer. The beam intensity was monitored by an ionization chamber filled with 
argon using an integrating de amplifier. The degree of polarization of the beam was 0.58 ± 0.03, as de

a 

b 
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IM 

FIG. 1. Experimental setup. M- Monitor, S
Scatterer, T 1, T2 -telescopes, F -copper absorber. 

termined by experiments involving double scatter
ing of the protons by beryllium. 

In the measurements of the asymmetry in the 
angular region 5° ::s e ::s 12° in the laboratory sys
tem, the scatterer consisted of a thin metallie con
tainer filled with liquid hydrogen and placed in vac
uum. This is shown in Fig. 1a. The thickness of 
the hydrogen was 2.1 g/cm2• The measurements 
were carried out with the chamber first filled with 
liquid hydrogen and then empty. The protons came 
through a 2 em diameter opening in the shield. The 
scattered protons were detected by two telescopes 
T 1 and T2 standing in back of each other, connected 
in coincidence, and consisting of scintillation coun

ters which could be locked into the coincidence circuit separately in various combinations. This detector 
subtended a solid angle of 1.3 x 10 _, sterad for the scattered protons. Since in this angular region the 
range of the protons from elastic p-p scattering is greater than the range of the 1r-mesons from the reac
tions p + p ..... d + 1r+, the elastically scattered protons could be separated from the 1r-mesons by a 21 em 
copper absorber placed between the counters. Taking into account the increased path in the copper due 
to multiple scattering the threshold for registering the protons was about 560 Mev. One of the deficien
cies of this method of distinguishing scattered protons from 1r-mesons is the large loss in counting rate 
due to nuclear absorption and scattering of the protons in the absorber. 

In the angular region 12° ::s e ::s 41 o, the elastic p-p scattering was measured, as is shown in Fig. 
1b, by using a pair of telescopes placed in positions corresponding to the kinematics of the elastic p-p 
scattering to the right and to the left of the beam. In this case a 3 em diameter opening in the shield was 
used. The solid angles subtended by telescopes T 1 and T2 were 1 x 10-3 and 4.3 x 10-2 sterad respec
tively. The yield of protons from the elastic p-p scattering was determined by the difference in counting 
rates of polyethylene and graphite scatterers. These contained the same number of carbon atoms per unit 
surface area. A control experiment, in which the counting rate was measured when the telescopes were 
placed in positions not corresponding to the kinematics of the elastic p-p scattering, showed that the 
contribution of inelastic p-p scatterings was less than 1% of the counting rate. 

The same scintillation counters and electronics were used as in our previous work. 11 The number of 
accidental events was determined, for all angles at which E was measured, by introducing delays for the 
signals from the counters; ordinarily these accidental events contributed not more than 1% to the counting 
rate. Before the start of each series of measurements it was established that the counters were operat
ing on the plateaus of the photomultiplier voltages. 

The position of the eentral trajectory of the beam was determined photographically and also by meas
uring the counting rates of telescopes placed at angles small enough to detect the protons that had suf
fered multiple scattering. The center of the beam was used to center the scintillators, the angle-meas
uring circle, and the zero point of the scale on this circle. Special attention was paid to balancing the ap
paratus in the measurements at small angles. Several checks showed that the shift in the zero point of the 
angle-measuring device relative to the central trajectory to the beam was less than 0.03°. The error in 
the asymmetry as influenced by the errors in the measurements of angles and inaccuracies in defining 
the center of the beam could amount to 5% at e =5° but fell to 0.5% at e = 41°. The angular resolution, 
± t:l8, was established from the corresponding geometrical factors, the beam size, and the multiple scat
tering of the protons in the scatterers. 

The averaged final results of four series of measurements of the asymmetry, together with the stand-
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ard measurement errors as well as data on the angular resolution, are presented in Table I. It should be 
mentioned that the main source of errors in these measurements was the statistical error of the measure
ments; the errors in the determination of the angles, the errors connected with the measurement of the 
beam intensity over the profile of the beam, and the errors arising from the shape of the scatterers and 
dimensions of the scintillators were relatively less im-
portant. TABLE I. Values of the Asymmetry and Po-

larization in (p-p) Scattering at 635 Mev 

3. ANGULAR DISTRIBUTION OF THE POLARIZATION 
IN (p-p) SCATTERING eo I eo I ±Mol 8 ±1'18% !I PH±MH% I ~ea~:.'d of the 

_ Scatterer ~--

The polarization arising from the p-p scattering in 
our experiment was calculated from the relation E 
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The angular distribution of the polarization, PH has 
the following features: 

2.G ·J(l.2+1.3 27.9±2.7 I 
:13 7:Ul 2.li 11.3+1.5 'Hl.5+2.8 
:36 80.1 2.G 9.7±1.4 16.7+2.G! 
:J(J ~G.3 2.li 4.9±2.3 8.1tf4 () I (a) The polarization goes through zero at a scatter

ing angle of 90° as it should in view of the identity of the 
of the colliding particles; 

~~_,_:_·~ ___ z_. o-~-~:±1._~l__~· r;~~-~_1_ ______ _ 
(b) The maximum value of the polarization is 0.42 ± 0.03 ate= 41°; 
(c) At smaller angles the polarization falls rapidly and reaches -0.02 ± 0.09 ate= 11.6°. In view of 

the possibility of systematic errors and the large errors associated with the measurements at small an
gles, one cannot vouch for the validity of this change in sign of the polarization. 

Earlier studies of the angular distribution of the polarization in p-p scattering have been carried out 
in the energy regions 130-439 Mev .12 - 17 * Figure 2 shows, for comparison, the results obtained at 170, 
f!% 315, and 415 Mev. It is seen that increasing the energy from 415 to 635 
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FIG. 2. Dependence of the 
polarization PH( e) in elastic 
p-p scattering on the angle of 
scattering: e- present work, 
0-415 Mev, 15 0-315 Mev, 12 

6.-170 Mev. 16 

Mev does not lead to any further increase in polarization outside of ex
perimental errors. 

The fact that the angular distribution of the polarization in p-p scat
tering does not change significantly as the energy is increased by 200 
Mev appears to be a very significant point concerning the p-p interac
tion, especially if it is kept in mind that in the same energy interval the 
angular distribution of the p-p scattering changes from an isotropic one 
to a distribution concentrated at small angles. 

4. ELASTIC SCATTERING OF UNPOLARIZED PROTONS 
BY PROTONS AT 657 MEV 

The differential cross-section a 0 (e) of the elastic p-p scattering con
sists of three terms 

( 3) 

corresponding to the cross-section for nuclear scattering, for Coulomb 
scattering, and for interference between the two, respectively. In the 
same way one can write for a 0(e) P (8 ): 

(4) 

In order to examine the question of the angular dependence of <To( e) P( e), it is necessary to know the 
lower limit of the angular range in which only nuclear processes play an important role. In the present 

*We are indebted to Prof. A. Roberts ( Univ. of Rochester) for sending to our laboratory a manuscript 
in which are described results of experiments on polarization in p-p scattering at 130, 170, and 210 Mev. 
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study, use was made of data on the differential cross-section of scattering of unpolarized protons by pro
tons obtained in our laboratory at 657 Mev. These data are presented in Table II and Fig. 3, together with 
their statistical errors. The total elastic p-p scattering cross-section at 657 Mev is (24.7 ± 1.0) x 10-21 

cm2 .to 

In the case of isotropic nuclear (p-p) scattering in the c.m.s., evidence concerning the character of 
the interference of the amplitudes of the Coulomb and nuclear scattering is obtained from a comparison 
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FIG. 3. Dependence of the 
cross-section for elastic p-p 
scattering at 657 Mev on the 
angle of scattering from the 
following sources: e-Ref. 
10, 0-Ref. 8, •-average of 
results from ( 8) and ( 9 ); the 
solid curve corresponds to 
formula ( 5 ); the dashed curve 
gives the sum aN( e) + a c (e); 
the dot-dashed curve has been 
drawn through the points vis
ually. 

of observations at small angles of p-p scattering with the sum of the 
Coulomb and isotropic nuclear scattering. In this way it has been estab
lished that at 170 and 260 Mev, 18 and likewise at 330 Mev, 19 the interfer
ence between Coulomb and nuclear scattering has a destructive character. 
For protons having an energy of 330 Mev, Coulomb scattering produces 
effects at angles of scattering less than 20°. 

In view of the strong anisotropy of the p-p scattering at 657 Mev, we 
had to extrapolate the measurements of O'N( e) to sufficiently small an
gles in the forward direction in order to evaluate the Coulomb effects. 
This extrapolation was made using the optical model of p-p scatter
ing, 20 - 22 according to which: 

;;N(f:)·~ J1 (f<Rsin0);kRsinfJ ", (5) 

where J 1 is the Bessel function of the first order, R = ( 0' t/271") 112, k 
= ( ME/2fi2 )1/2, and M and E are the mass of the proton and its energy 
in the laboratory system. At 657 Mev the total cross-section at is about 
41 x 1021 cm2,23 so that kR = 2.28. The determination of the proportion
ality constant in Eq. ( 5) was carried out by a least squares fit to the ex
perimental data in the range 20 :s e :s 90°. The solid curve of Fig. 3 
shows the angular distribution given by Eq. ( 5). The extent to which the 
calculated curve represents the experimental data in the angular region 
considered is shown by the fact that the Gaussian mean square relative 
deviation of the calculated points from the experimental ones comes out 
to be "' 0.05. The dashed curve in Fig. 3 gives the sum of the nuclear 
scattering, given by Eq. ( 5 ), and the cross-section for purely Coulomb 
scattering, 0' c ( e ) . The latter was calculated by Mott' s formula: 

;;c (0) = (~Y [ sin-4 {- + cos-4 ~ - sin-2 i cos-2 ~cos (2'Yi In tan ~)], ( 6) 

where, following Breit,24 

( e2 ) ( E ) [ E ( E \] -•;, -~ = -fie- 1 + Mc2 Mc2 2 + Mc2) • (7) 

From Fig. 3 it is seen that the total cross-section obtained in this way O'N( e) + ac (e) is somewhat 
less than the corresponding experimental values, a 0 (e ), in the interval 5 :s e :s 15°. This would mean, if 
the method used to determine the nuclear p-p scattering in the region of small angles is valid,* that the 
interference term in Eq. ( 3) is positive at 657 Mev. The accuracy of this procedure for determining 
a int ( e ) is not large, and for this reasion it is impossible to exclude the possibility that 0' int ( e ) = 0. To 
the extent that the real part of the amplitude of the Coulomb scattering is repulsive and significantly 
greater than the imaginary part, then if 0' int< e)> 0, the real part of the amplitude of the nuclear scatter
ing in the forward direction must also be repulsive. The imaginary part of the amplitude of the forward 
nuclear scattering must be positive and equal to kat I 411". 

5. ANGULAR DEPENDENCE OF a 0(8)P(8) 

From the analysis of the angular dependence of the asymmetric part of the p-p scattering cross-sec
tion, 0'0( e) P(e ), it is possible to get some evidence concerning the highest orbital angular momentum 

*Recently Rarita25 has brought forth arguments against the use of the optical model of p-p scattering 
at an energy of about one Bev. 
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contributing to the scattering. We start from the statement of Wolfenstein26 that if the scattering is de
termined by interactions in states of angular momentum up to Lmax• then 

N 

-::; 0(f!)P (f;) =sin 0 cos 6 ~a211 cos2"0, {8) 
n=o 

where N = Lmax - 1 for odd L, and N = Lmax - 2 for even L. In the calculation of a0 ( ()) P ( ()), the 
values of a0 ( ()) for angles for which the measurements of had been carried out were taken from a smooth 
curve drawn visually through the experimental points taking account the probable errors and the angular 
resoltuion (see Fig. 3). On the assumption that the angular distribution of polarization in p-p scattering 

TABLE II. Summary of 
Data on the Differential p-p 
Scattering Cross-Section at 

657 Mev 

does not change if the energy is raised from 635 to 657 Mev, the values of 
a 0 ( () ) P ( () ) obtained in this work can be ascribed to an energy of 65 7 Mev. 

Angle of 1
1 

(O) I . 
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JS.D±. 1 .. 1 I 11.0_j_(J. 7 

Figure 4 shows the dependence of a 0 ( () ) P ( () ) /sin() cos () on cos2 () in 
the interval 16.2° ::::: () ::::: 80.5°. Shown also are the limits of error which 
have been calculated taking into account all the errors contributing to the 
measurements of a 0 ( () ) and P ( () ) . The data show that the angular distri
but ion of a 0 ( e ) P ( e ) definitely differs from sine cos e. This latter is the 
form expected if the polarization arose from the interference only of trip
let P-states. 

s. fi7 :ro . 0s , 
,_,5±o.4s 1 

G.:JG±0.40 I 
:i.38±0.15 I 
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[ 10] 

)} 

l'l 

A least squares fit was made to the values of a0 ( e) P (e) /sine cos e 
using even Legendre polynomials. After several attempts with various 
numbers of polynomials it was found possible to approximate the experi
mental data by the function: 

~·0:'±o.~~~ 1 

".l•i+O.!.j I 
2.u;,~t=o.12 I 
2.2o±u.o5 I 
2.10±0.07 i 
2.05±1UJ7 [ 

cr 0 (fJ) P (fJ) =sin 6 cos 0 {(3.20 ± 0,08) P 0 (cos fJ) + (3.13 ± 0.29) P 2 (cos 6) 

+ (1.20 ± 0.32) P 4 (cos 0)- (0.12 ± 0.37) P 6 (cos 6)} -10-27 cm2/sterad. (9) 
)) 

[•] 
I 

This expression gives a sufficiently good fit to the experimental data as is 
evidenced by the magnitude of the value of the sum of the least squares 

11 

M = ~ {0 [o0 (fJ) P (fJ)]; / ~ [-::;0 (0) P (O)]i}2 
i=J 

(where o[O'o (e) p (e) l is the difference, at an angle ei, of the calculated value of O'o (e) p (e) from the ex
perimental value, and .6. [ a0 ( e ) P ( e ) ] , is the probable error in the determination of a 0 ( e ) P ( e ) from the 
experimental data for this angle). The value of M is equal to 1.6; the expected value of M, equal to the 
difference between the number of experimental points and the number 
of independent parameters in the approximating function, should equal 
7. The distribution calculated from Eq. ( 9) is shown in Fig. 4 as a 
solid curve. 

That the approximating function contains a term sin() cos e P 4( cos e), 
with a coefficient whose value is several times the probable error, ap
pears to be definitely established. Thus the results of the present 
measurements indicate the presence of non-vanishing terms up to and 
including sine cos5 e in the expansion of a 0 ( e ) P ( e ) . This means that 
at the energies in question triplet P- and F-states play a significant 
role in p-p scattering. The calculations of Breit et a1.,27 carried out 
taking into account orbital momenta L < 4, indicate that a term of the 
form sin e cos5 e can appear in the expansion of 0' 0 ( e ) p ( e ) only if in
teractions occur in the 3F 4-state. 

The fact that partial waves with angular momenta L = 3 contributed 
strongly to a scattering associated with a large polarization is, by it
self, evidence that the p-p interaction in the triplet F-states is non
central to a considerable extent. 
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FIG. 4. Dependence of 
a 0{8)P(8)/sin8cose on cos2 e. 
The solid curve shows the func
tion (9 ). 
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6. CONCERNING POLARIZATION IN QUASI-ELASTIC p-p SCATTERING 

It has been noted earlier 11 that the polarization of the protons undergoing quasi-elastic scattering from 
Be at an angle e = 40° is only a little less than the polarization in free p-p scattering. The results of the 
present experiments indicate that a similar situation exists in a large angular region of scattering. A 
comparison of the data given in Table I and Fig. 7 of Ref. 11 indicates that, in the angular region 27 :s e 
:s 90°, the polarization in the quasi..:elastic scattering from beryllium is about 85% of the polarization of 
protons scattered in hydrogen. This is in contrast to the situation in the energy region of~ 300 Mev, where, 
according to Donaldson and Bradner, 28 the quasi -elastic p-p scattering leads to a polarization lower by 
almost a factor of two than does elastic scattering. 

These results indicate definitely that raising the energy from 300 to 600 Mev washes out, to a large ex
tent, the difference between scattering by free protons and by protons bound in nuclei. 

7. CONCLUSIONS 

Experiments determining the asymmetry in the scattering of polarized protons by hydrogen at 635 Mev 
have established a polarization, which does not differ significantly in either amount or angular distribu
tion from the polarization p-p scattering in the region 300 - 400 Mev. 

If an analysis of the experimental data on p-p scattering at 657 Mev is carried out on the basis of the 
optical model, it is found that the interference between Coulomb and nuclear scattering is not large, the 
smallamountleadingtoa raisingofthedifferentialp-pscatteringcross-section in the regions 5 :s 8 :s 15°. 

The angular distribution of the asymmetric part of the p-p scattering cross-section contains the term 
sine cos5 e which means that triplet F-states contribute significantly to the scattering in the investigated 
energy region. 

No significant difference in the angular distribution or in the amount of polarization is observed at 635 
Mev between quasi-elastic p-p scattering in beryllium and elastic p-p scattering. 

The authors express their thanks toR. M. Ryndin and L. M. Soroko for participating in discussions of 
the results of the present work; to A. S. Kuznetsov for help in the construction of the electronic appara
tus; and to L. A. Kuliukin for carrying out a series of calculations. 
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A model of a molecular cyrstal with "semi -rigid" molecules is examined. The conditions for 
separation of intermolecular and intramolecular vibrations are investigated. By way of ex
ample a two-dimensional lattice with C4v symmetry is examined. 

BoRN'S theory of crystal lattices gives the most general solution of the problem of propagation of elas
tic waves in a crystal. In the case of complex molecular crystals, however, direct application of the the
ory leads merely to several very general deductions; hence it is natural to seek approximate models that 
would make it possible to move forward in utilizing the Born theory of crystal lattices. One such model 
for molecular cyrstals consists of separating the molecules as a whole from the lattice; in the first ap
proximation the molecules are considered as solids with six degrees of freedom. 1 Solution of the problem 
formulated in this way made it possible to investigate the propagation of orientational-translational waves 
in the crystal and to determine the conditions for separation of the translational and orientational oscilla
tions. In the following approximation the molecules are regarded as "semi-rigid" systems, that is, sys
tems for which the magnitude of the intramolecular interactions is much greater than that of the inter
molecular ones. In this case the interaction between molecules can be treated as a perturbation. 

The solution should result in free-molecule vibrations that are modulated by lattice vibrations. Aprob
lem of this kind has been examined by Davydov,2 but was solved only in the general form and primarily 
from the standpoint of energy transfer from the intramolecular vibrations to the lattice vibrations, a 
transfer leading to attenuation of the vibrations and broadening of the absorption bands. 

A more detailed solution of this problem permits an investigation of the interaction between intermo
lecular and intramolecular vibrations. 

The present study is devoted to an examination of the coupling between intermolecular and intramolec
ular vibrations and the conditions for their separation. We solve only the classical problem through the 
application of group theory. 

1. Let us examine a three-dimensional crystal containing N molecules of S atoms each. The unit 
cell contains v molecules; n is the ordinal number of the cell and nv is the index of the molecule. The 


