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powers of the uniformly precessing part of the mag-
netization. Thus they modulate the dc field Land hence
the natural frequency cp(k) of the spin wave of wave
number k''7, terms of rsth order in the uniform pre-
cession giving a modulation rate e times the signal
frequency ar. Thus the motion of the kth spin wave is
not unlike that of a pendulum subject to a periodic
vertical force: if the modulation is deep enough, in-
stability can occur, most readily when one of the
modulation frequencies equals twice the natural fre-
quency of the pendulum. Thus the spin wave k is
potentially unstable whenever 2cp(k)=npp. The case
previously discussed' is e=2. The driving terms,
being quadratic in the uniform precession, are then too
small to give instability in the presence of losses, except
when the dc field is approximately adjusted for reso-
nance, rd=rp(0). The condition rp(k) =rd =co(0) then gives
the range of k for which instability may occur. '

The instability responsible for the subsidiary peak is
rs=1, that is 2o&(k) =re. It, too, is most readily excited
at resonance rp=rp(0); however, the modulation, now
linear in the uniform precession, can be as large remote
from resonance as the quadratic modulation is at
resonance, and so instability will occur at comparable
signal levels.

Detailed analysis now gives the following results:
spin waves unstable for the least signal powers are so
long that exchange effects are negligible. cp(k) then
depends on k only through the angle, 8, between k and
the magnetization direction. The dc field Hl, also in-
volved in rp(k), is found in terms of 8 from 2rp(k) =re.
Spin waves along 0 will begin to grow when the signal
field exceeds

or —cp(0)
h= AH P,

where Mo is the saturation magnetization, p the gyro-
magnetic ratio, rd(0) the resonance frequency in the
Geld Hi=Br(8), DII=1/TTi the line width obtained
from the relaxation time Tl, ' and Ii a numerical factor
depending on 8, sample shape, and cp/4rryMp. F= oo at
8=0 and rr/2, and achieves a minimum of order unity

TABLE I. Ratio of Geld P1 at subsidiary absorption to the
field Hp required for resonance at 9000 Mc/sec, and the corre-
sponding theoretical threshold Gelds.

H1/Ho from
Theory Experimenta

MnZn ferrite disk {IJJ disk) 0.72 0.72
4rrMp 3880 oe (H ~I

disk) 0.78 0.66

Idol'lt

hH
{theory)

0./32
0.230

Ni-ferrite sphere
47r3SIo 3320 oe

0.83 0.73 0.232

a See reference f.
b Circular polarization of the uniform precession has been assumed here

as elsewhere. This is not correct for H (( disk, but can hardly change H1(Ho

between these two limits. h can be minimized with
respect to 0, yielding the least signal fieM A,„;t above
which instability will occur, and a corresponding value
of the dc field H&, at which the subsidiary absorption
will erst be noticed. The results are shown in Fig. 1.
If conditions are such that 2cp(k)=&p=cp(0) can be
satisfied, cp —cp(0) in (1) should be replaced by yhII,
yielding a particularly small critical field.

In Table I the theoretical locations of the subsidiary
peak are compared with the observations of Bloem-
bergen and Wang. Agreement is better than 20'%%u~

throughout. The corresponding theoretical values of
h„;~ are also stated.

The state of the medium at signal levels above
critical has also been investigated and will be discussed
in a future publication.

The author acknowledges many helpful discussions
with A. M. Clogston, L. R. Walker, and particularly
P. VV. Anderson, who suggested the pendulum analog
as an illustration of the processes discussed here.

' N. 1Iloembergen and S. Wang, Phys. Rev. 93, 72 (1954).
s R. W. Damon, Revs. Modern Phys. 25, 239 (1953).' An expression for &p(k) suitable for the present purpose is given

in reference 4.
4 Clogston, Suhl, Walker, and Anderson, Phys. Rev. 101, 903

(1956).' P. W. Anderson and H. Suhl, Phys. Rev. 100, 1789 (1955).
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FIG. 1. Minimum critical signal Geld, and the location of the sub-
sidiary peak for commonly found experimental conditions.

C 4 NOMALOUS" V'-particle events (decay proc-
esses which do not fit either of the schemes

AP-+P+rr +37 Mev or 8P——+rr++s. +212 Mev) have by
now been observed in many cloud-chamber experi-
ments. In terms of other known E-meson de-

cay schemes, four possible interpretations suggest
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Fn. i. "Phase space" energy distribution of the neutral pion
in the E 3 ~m++~ +x' decay scheme as compared with ex-
perimental data.

FiG. 2. "Phase space" energy distribution of the neutrino in
the E„30~@+++ +v decay scheme as compared with experi-
mental data.

themselves:

(a) K oo—+n.++m. +~o+80 Mev,

(b) K.oo—+n.++m. +y+ 212 Mev,

(c) II.„qo~p++~"+v+249 Mev,

(d) K.oo~e++vr +v+354 Mev.

The indicated Q-values are based on the assumption
that all the X mesons have mass 494 Mev. Schemes (c)
and (d) are suggested as neutral counterparts of E„o+
and E,o+. Scheme (b) has been suggested by Gell-Mann
and Pais. '

From a knowledge of the laboratory momenta and
included angle of the charged decay products, it is
possible to calculate the kinetic energy To of the
neutral decay product in the rest system of the un-
stable particle. One finds

&o= P(M—~o)' —(m~+mo+Q')'7/2M,

where 3f, mo, m&, and m& are, respectively, the masses of
the primary particle, the neutral decay product, and
the charged decay products; Q' is the Q-value calculated
in the usual way from the measurements on the charged
secondaries on the assumption of two-body decay.

We have extracted from published data' some 27
"anomalous" V'-events which are consistent with at
least one of the above decay schemes. The identities
of the charged secondaries are not experimentally
established for any of these events; but if decay schemes
(a) or (b) are assumed, the energy of the neutral decay
product can be calculated without ambiguity. If
scheme (c) is assumed, two values of To are obtained—
depending on which charged secondary is assumed to
be the p, meson. The two values do not in general diRer
appreciably, however, and the selection has been a
random one in each case. The same general procedure
was used with scheme (d).

Of these 27 events 15 are kinematically consistent
with scheme (a). In Fig. 1 the distribution in kinetic
energy of the neutral particle for these events fall
analyzed on the basis of scheme (a) for this purpose7
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FIG. 3. "Phase space" energy distribution of the p ray in the
E'

2 ~m.++w +y decay scheme as compared with experimental
data.

is compared with the phase space distribution. The
latter is particularly relevant for scheme (a) if we
assume it to be the neutral counterpart of the charged
~-meson decay, since the charged 7- meson is now
believed to have zero spin'; because of the fairly low
Q-value one would expect the lowest orbital angular
momentum state to dominate the distribution. The
fit of the data to the predicted distribution suggests that
not all the 15 events may be explained by scheme (a).

In Figs. 2 and 3, respectively, we plot the distribu-
tions obtained from all 27 events, analyzed in turn
on the basis of schemes (b) and (c) together with the
predicted phase space distributions. We have also
compared the data with scheme (d) with essentially the
same result as for scheme (c), except that the curve
extends to higher energies. In this case there is more
serious bias with respect to distinguishing these events
from the ordinary 0' decays. We therefore do not plot
these data.

There is of course some bias against seeing events
in which Q' is very small, since in these cases the charged
secondaries will often appear with a narrow included
angle in the laboratory system. Events with very
high Q -values would be experimentally indistinguish-
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able from ordinary 0' decay. However, we can think
of no serious bias which operates against observation
of those events where Q' has intermediate values (the
major portion of the phase space distribution). All the
theoretical curves are normalized to the area under the
experimental curves.

It can be seen that the experimental distributions
are in reasonable agreement with the phase space
distributions, for either of the two schemes (b) and (c).
We tentatively suggest that "anomalous" V'-events
can be largely explained in terms of these schemes
along with an admixture of scheme (d). The latter
could account for the occasional events involving
large Q'-values )212 Mev.

It would of course be very useful to determine the
lifetime of "anomalous" V'-particles, since a com-

parison here with the normal 0 -particle lifetime would
serve to clarify the question of how many distinct
E-particles are required to explain all the presently
known decay processes. At the present time the data
are too meager for a reliable lifetime determination.

We wish to thank Professor Thompson and Professor
Deutschmann for advance copies of their papers.
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