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where the coefficients & do not depend on Eus the first three are positive., With conservation of tem-
poral (combined) parity we have &gt = &y = 0. In this case it is possible, in general, to have inter-
ference between S- and V-variants (®gr and ®gy). In contradistinction to the Kgjz case, it is impos-
sible here to say that the presence of symmetry relative to the point ¢ =1 means that the interfering
terms are zero (in the T-variant we have the term with 1 — ¢).

Integrating over ¢, which can be done without any assumptions about strong interactions, does not give
anything so clear as in the Kg3 case, and we will not give the result here.

We note that, as in the Ke3 case, the K3 spectrum of m-mesons can, in principle, give information
for determining the form of the functions .

I should like to use this opportunity to express my gratitude to L. B. Okun’ for sending the manuscript
of his work before publication.
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THE present report is a continuation of the article! in which the basic theory of this problem was given,
the method of measurement was described in detail, and the results of measurement of molecular attrac-
tion between fused quartz plates and lenses was given.

We chose fused quartz as basic material for preparation of specimens in the first experiments for the
following reasons: its transparency allows the use of the most accurate optical method for determining
the size of the gap between the surfaces; its surfaces can easily be given a high polish; and, lastly, quartz

logF_ | surfaces are not damaged by the various cleaning methods. All the above qualities
(dynes) |\ of quartz surfaces make it possible to obtain and measure small gaps between the

% \\\\ surfaces.
76 v\ The smallness of the forces of attraction between macroscopic objects makes it
% \ﬁ(l desirable to choose materials which, other things being equal, are characterized by
% I‘}% large interaction forces. According to the theory of E. M. Lifshitz%3 the magnitude
44 -‘3\\ of the interaction force depends only on the electrostatic value of the dielectric con-
% ) \‘ stant ¢, for sufficiently large distances between the bodies. The energy of attrac-
g_ \\\ tion U, per cm?, of two parallel plates may be written in the form
35, v\ 2 —1\2
o\ U=—g K=5 (257 o0 (1)
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(H is the magnitude of the gap between the surfaces, h is Planck’s constant, c is
FIG. 1 the velocity of light, and ¢{¢;) 1is a function tabulated in Ref. 2). For the majority
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of solid dielectrics the values of ¢ fall in a narrow range. From among the dielectrics with a large
value of ¢; we found tallium halogens most convenient for our measurements.
A series of measurements was carried out on the interaction between a plate and a lens made of a

mixed T1Br and TII crystal (42.5 and 57.5% respectively). In Fig. 1 we
105 U (erg/cm?)

have plotted on a log-log scale the dependence of the force of attraction
P F on the separation H for these samples, using a lens with a radius of
' 12.5 cm. In Fig. 2, where we give the dependence of the specific energy
o \ U on the separation H, the points and crosses refer to experiments
4t :"". with a lens of radius R=12.5cmand R=5.2cm
40r '|:l log F (dynes) respectively. The dashed lines in Figs. 1 and 2 are
L % A\ the corresponding curves obtained from formulae
T B\ of Lifshitz in the limit of large separations. The
af T4 \e . .
P! 22 theoretical curve I corresponds to assuming for the
) E‘i—] a0 mixed tallium halogen crystal a static dielectric
i aar 2
wt I %\‘ 46t !é constant ¢; ~ 50 and curve II corresponds to € =n
15 ! Z \° ~ 6 (n is the index of refraction in the optical re-
z@% 78 '*\ gion). Here, as for quartz, the curve II is probably
v ?_3.\ %b ,\\° a more accurate approximation (see Refs. 1 and
A ".}':\ - 1 \ 3). The molecular attraction of these samples is
o \\:\a.k g2

approximately five times that of quartz.

The large forces of interaction and the simplicity
FIG. 2 FIG. 3 of calculation make metals an interesting object for
study; however, we must necessarily use a substan-
tially more complicated method for measuring the gap. We had measured the gap H from the diameters
of the Newton’s rings seen through the upper of the studied objects. The case of a metal-transparent di-
electric pair is simpler, from the point of view of procedure, since the optical method for measuring the
gap can be retained. In contrast to the case of two dielectrics, it is necessary in the calculation of the

gap H between the quartz and metal surfaces (from the diameters of

J
g ar a2 4 a4 45 46 47 a8 49 H(u) IMWZlﬂiﬂfdﬂlogH(u)

10°U (erg/ cm®) Newton’s rings ) to take into account the phase shift on the reflection
1 from the metal. In the corresponding experiments we have used a
w . quartz-glass lens and a quartz plate coated with chromium by evapo-
P rating in vacuum. The choice of chromium was dictated by its com-
v paratively small coefficient of reflection of light. This makes pos-
p i'f. sible the observation of sufficiently contrasty interference rings in
”i Y the gap between the metal and quartz surfaces. Figs. 3 and 4 give
o graphically the measurements for chromium.
U o] According to the Lifshitz theory, the estimated interaction force f
w N\ between a metal and a dielectric at sufficiently large separations is
v .‘3:&::- s f..j‘i_"ie_“:iw (50) (2
TU QT n G0 r i E G HE 20+ 0T )
FIG. 4 where ¢ (¢¢) is the function tabulated in Ref. 3 and the remaining

symbols are the same as in Eq. (1). Considering, as in the past,

the transparency of quartz for wavelengths of the order of H, we
have used for our calculations, the results of which are shown dashed in Figs. 3 and 4, the values ¢,
which also equal the squre of the index of refraction in the optical region. In the present case the meas-
ured attraction is approximately four times the interaction of quartz surfaces.
We find the agreement between experiment and theory fully satisfactory, considering the inaccuracy of
the theoretical estimates and the experimental errors.

It is interesting to note that in the experiments of Prosser and Kitchener? precisely the same results
were obtained using a method different from ours.
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THE matrix element of the R-matrix for the transition corresponding to the photoproduction of a meson
on a nucleon can be written in the form!

4
i (2m)* 1
Vi 3 (1 4—p—H) 2 CeaAl +50AP+ 3 [5, 5] AP) 7, (1)

i=1

(r|R|1>=

Here k, q, p, and p; are the momenta of the photon, meson, and nucleon in the initial and final state
respectively; mj are the spin operators which in the center of mass system have the form (e —polari-
zation vector of the photon)

M =1i(oe); Ny =klqg7"(oq)(alkxel);n; = ik7lq7I (ok) (qe); 7. = iq2(aq)(qe)

and A?“ = A(IM(W, x), where W is the total energy of the system, x =cos6 (6 —scattering angle).

! The quantities A(?) as functions of W obey the dispersion relations!

© 4
Re AM(W, x)= }iﬁ“(w, X) +-fr—P S aw’ 3 2w, w, x)Im AP (W, x'), (2)

m+p i'—1
0
where A(ik) and fi(ih') are known functions, and x’, the cosine of the primed angle, is connected with x,

W, and W' by the relation
k(w—qx)=Fk (o' — q'x').

It follows from this expression that in the c.m.s., i.e., where p + p; = 0, the unobservable energy range
corresponds to the unobservable range of the primed angles, i.e., the range where —» < x’ < —1. One
therefore has to know the analytical properties of A(lx) as a function of x.

By means of a phase-shift analysis one can obtain expressions for the A; in terms of Legendre poly-
nomials; for example

(-]
Ay = 2 {UMry + EulP (9 + [+ 1) M+ Ei1P_, (9} ete
—o .
(£ —angular momentum of the meson; the subscript + refers to the total angular momentum £ + 1/2 re-
spectively; My, corresponds to magnetic and Ey to electric multipoles). Let us assume that these
infinite series can be terminated [for this to be true the integrals in (2) have to be sufficiently strongly
convergent ]. Then the Al will be analytic functions of x. Further one can in (2) eliminate the angles
and write down dispersion relations for M(i), EM. We shall give these limiting ourselves to S and P
w'aves’and including recoil corrections up fo the order 1/m. Introducing new variables € =W —m;

€ =W —m we have



