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s" = (b — Beos 0)/ V(1 — Bpy cost)® — (1 —B?) (1 —2) < 1.

Here cpB; = ck/K is the speed of the motion of the
particle in the original coordinate system.

As is well known, in the decay of a stationary
T meson into a y meson and a neutrino the spin
of the pu meson must be directed exactly along the
momentum of the y meson (s =1). But in the
laboratory system, relative to which the 7 meson
may be in motion, we have s’ <1, and therefore
there must be a transverse component of the spin
of the pu meson, lying in the plane of the momenta
of the m and p mesons.

We note that for particles with zero rest mass
(kg = 0) the speed is always given by B; =1. In
this case 6% = Gi{, and therefore the quantity s’
is unchanged (s’ =s =1). This fact was used by
one of us, following the ideas of Lee and Yang, in
constructing a theory of the neutrino with oriented
spin,®7 in which neutrino and antineutrino are char-
acterized by different values of s (s =1 and s =
-1).

*Analogous expressions for the average value of the spin
vector with only positive energies taken into account can be
obtained from the work of Tolhoek,4 and also from that of
Alikhanov et al.5 But the expression for o § introduced in
reference 5 (see note on page 789),

0" = (Kpy@ + pa [kIX G ])/ky= G + i pok/kq,
R ips{@k), ko = 04— p2K/k,

will satisfy neither the law of conservation of total angular
momentum nor the law of conservation of the longitudinal com-
ponent of the spin. For K > 0 the results agree, since the
average value of p, is zero.

tThis is due to the fact that the momentum four-vector is
timelike: k,k, = — kj, and the spin is spacelike: ¢ wlu =K,
with the two vectors orthogonal to each other: ¢, k, =0.
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THE free precession of magnetic moments of
atomic nuclei in an external magnetic field H; is
usually observed by measuring the voltage and the
frequency wj=7yH,; at the terminals of a receiv-
ing coil which contains a sample initially magne-
tized perpendicularly to H,. In a sufficiently
homogeneous field H;, the phenomenon is observed
as long as the signal which decays with the time
constant T) exceeds the noise in the system.

After the signal has decayed the voltage at the
terminals of the receiver coil is of a fluctuating
nature and is determined on the one hand by the
thermal noise in the receiver circuit, and on the
other hand by the fluctuations in the magnetization
of the sample.

The spectral density of the mean square of the
voltage across the load resistor R, of the receiver
circuit due to thermal noise in the receiver system
is given by Nyquist”s formula, which in the case
under consideration is of the form:!

o

(V%‘)w:ﬂco Fo RRe

th 2k Z )T

(1)
where Z (w) is the impedance, while R is the
effective resistance of the whole receiver circuit.
The presence in the receiver coil of a sample con-
taining atomic nuclei with a magnetic moment dif-
ferent from zero and situated in an external field
Hy, leads to the appearance of an additional voltage
due to the fluctuations of the component of the mag-
netization of the sample in the direction perpendic-
ular to H,. The spectral density of the mean square
of the component of the magnetization in this direc-

tion is given by the expression
(M?), = (ky"[2%) coth (hw/2kT), (2)

where

le mTl

[/ l (3)
L=k <1+ (YHo+ @PT%. O e )

is the imaginary part of the complex nucleus sus-
ceptibility, while T, is the transverse relaxation
time.

The spectral density of the mean square of the
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fluctuations in the corresponding voltage is of the
form:

(V%{)m — 1672 S2N2 (202 R? | Z (@) |72 (M?)a, 4)

where N is the number of turns, S is the cross
section of the coil placed perpendicular to the field
H,.

By utilizing (2) we obtain:

(V3o = 8ry” S2N2w? c 2k R3| Z (0) |2 coth (kw/2kT). (5)

As may be seen from (5) the voltage fluctuations
have a resonance character, and as a result of the
large value of the relaxation time T, attaina
sharp maximum in the field Hy=xw/7y.

If one takes for water v = 2.8 x 10* gauss-sec,
Xo=3.3x107" and T, =3 sec, then the ratio of
the spectral densities (5) and (1) for H; = w/y has

the form:
n = (Vi) H/(VE)yH. = 6.3-1078S2N2H}/R, (6)

where R is the effective resistance of the re-

659

ceiver circuit in ohms. In the case N = 10° turns,
S =100 cm? in the earth’s magnetic field H;=0.6
gauss, n = 220/R.

Thus, in this case under appropriate conditions
one may separate from the spectrum of thermal
noise the signal due to the random free precession
of magnetic moments of atomic nuclei. The ratio
1 in the case of resonance is proportional to
('yHo)z. This last consideration may be used as the
basis of the theory of self excitation of a spin gen-
erator.?

11, D. Landau and E. M. Lifshitz, JexTpogusammuka
craounbix cpes, (Electrodynamics of Continuous Me-
dia), Gostekhizdat, 1957.

28, S. Kurochkin, Pagmorexs. u saextpon. (Radio
Engineering and Electronics) 2, 198 (1958).
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IN references 1 — 3, the statistical theory of mul-

tiple production of strange particles was considered.

In the case of 7-N collisions, this theory describes
the experiments satisfactorily, if the energy of the
colliding particles is sufficiently high.%® Compari-
son between theoretical calculations and experi-
ments can now also be carried out for p-p colli-
sions.

If we assume that the effective inelastic cross
section for 3-Bev p-p collisions is equal to 26
mbn,® then the cross section for production of Kt-
particles in p-p collisions calculated according
to references 1 —3 is ¢t = 1.0 mbn for the vari-
ant V=V, (the K mesons being produced in a
volume of radius rp = H/mkc =0.4x 1078 cm;
all other particles in a volume of radius
r, = h/m c=1.4x 1078 ¢m), and 0% =
0.05 mbn for the variant V =Vj3 (all strange
particles produced in a volume of radius ry;

all other particles, in a volume of radius rg).
The calculated cross section for production of all
strange particles ogt = 1.5 mbn for V=YV, and
ogt = 0.07 mbn for V =Vj.

Baumel et al.” obtained the value Oexp =
(4.5 £0.9) X 10732 ecm?/sterad-Mev for the cross
section for the production of K particles of mo-
mentum 1.9mg (mzg =140 Mev) at 6 = 180°
(center-of-mass-system) in 3 Bev p-p collisions.
In order to integrate the cross section over all mo-
menta, we calculated the momentum distribution of
the K mesons produced. Assuming an isotropic
angular distribution in the c.m.s., for V = Vj,
ot =0.33 mbn.* An analogous calculation for the
variant V = V; gives nearly the same value. How-
ever, this quantity is an order different from the
cross section calculated for V = V3 from only the
statistical weights without use of oexp and the
momentum distribution. Thus, as in the case of
m-N collisions, the variant V = V; leads to con-
tradictions. For the variant V =V,, the value of
ot calculated taking into account the momentum
distribution is three times smaller than that cal-
culated only on the basis of statistical weights with-
out employing Oexp and the momentum distribution.
This difference can be explained by the fact that at
low energies E = 3 Bev, the energy of the strange
particles produced in N-N collisions is near to
threshold, and the number of them is not appre-
ciable. Hence, statistical methods can give only



