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then Vi+ V" give the usual five operators for the S-interaction.

We have previously taken as interaction hamiltonian a linear
combination!

V=G 2 CUVit Vi), @
k=1

in which the constants C, must be real in order that V be hermi-
tian.23 Trigg and Feenberg* have given the generalization to the
(hermitian) linear combinations using complex constants Cx

V=G 2 (CoVit-Ci*Vit). ©)
k=1

Using the conventional transformations of the wave functions
in the Dirac equation,’ it is easily verified that the interactions
according to Eqs. (2) and (3) are invariant for (continuous)
lorentz transformations, reflection of space, and reversal of time.

We now give two types of symmetries that can be imposed on
the interaction.

1. First condition of symmetry.—The interaction energy must
be invariant, if we transform all four particles to the anti-particles.
(This is done by taking charge-conjugated solutions.3) In this way
a transformed interaction

V'=G é (Ce*Viet+CiVih), @
k=1

is obtained from Eq. (3). Biedenharn and Rose have obtained this
result by employing Wigner’s time-reversal operator, a procedure
equivalent to the use of charge conjugation here. In order that
Egs. (3) and (4) have the same meaning, the coefficients Cx must
be real, so that Eq. (3) reduces to Eq. (2). This is especially clear
if we consider the lower sign expressions (5) occurring in the formu-
las, taking the polarization into account (see below). These
expressions would change their sign, when taking everywhere the
““anti-particles.”8

I1. Second condition of symmetry.—We give two alternative
formulations @ and b of a second condition of symmetry, proposed
earlier. (a) The processes of negatron and positron emission must
be symmetrical in such a way that if coulomb interaction is neg—
lected, the expressions for the interaction energy Hg~ and Hg* are
equal (possibly with the exception of a phase factor ¢%) if the
following conditions are satisfied: the wave functions of the
emitted (positive and negative) electrons and neutrinos must be
physically equivalent, and ¢y(p) and yi(n) for negatron emission
must be respectively the same as yy(n) and ¥;(p) for positron emis-
sion (¢ initial; f final; » neutron; p proton). (b) The interaction
energy must be invariant (or differ only by a phase factor ¢'?),
when we take positions as real particles, negatrons as holes, and
perform a corresponding change for the neutrinos, but not for
the nucleons (see formulas (65), (70), and (75) of reference 1).

The consequences of symmetry principle I7 are as follows:
1. Using (2), we have either combinations of S, 4, and P only,

or combinations of V and T only.
2. Using (3), one obtains,* with ei=es=¢;=

Ce*Ci=CrCr* =0, if

_1, and 62=63=1,
(ky1=1,--+,35). (5)

We have also calculated the transition probabilities for 8-emis-
sion taking into account the orientation of the nucleus, the polar-
ization of the emitted electron, and the e—v angular correlation
(for allowed transitions).” We then get cross terms that differ in
sign for 8+ and B~ emission, with coefficients (5), but for 2,I=1, 2,
3, 4 only. The pseudoscalar (k=35) gives no cross terms with the
other invariants for allowed transitions, as the selection rule for
the parity of its matrix element is different from that for the other
invariants.

If we now compare these results with the consequences (5) of
the symmetry principle, we come to the following conclusion:
the condition, that the transition probability for allowed transi-
tions (taking the polarization of the electron into account) has
no terms that differ in sign for 8* and 8~ emission, is already

erer=F1
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equivalent to the symmetry principle 7/ (except for a possible
admixture of the pseudoscalar interaction).

(We may remark here that a common change in the phases of
the Cy, viz., Ci' =¢€'"Cy, is a purely formal change for which the
expressions |Ck|?, Re(CiCi*), and Im(CxCi*), which occur as
coefficients in the final formulas, are invariant.)
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The Natural Radioactivity of Rubidium
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(Received August 15, 1951)

UNCERTAINTY regarding the decay process! of Rb37 and
its rather unique position in regard to B-theory seemed
good reasons for investigating the radiation with a large propor-
tional tube spectrometer.? The internal diameter was 5.5 in. and
the fully effective length® 10 in. The operating pressure was 5
atmospheres of argon +20 cm of methane. The tube was shielded
with 2 in. of lead and an array of Geiger tubes could be put in
anticoincidence for protection from cosmic radiation. The source,
RbCl spread uniformly over the inner surface of a cylinder of
aluminum acting as cathode, covered an area of between 800 and
900 cm?. Two thicknesses were employed, 1.5 mg/cm? above 40
kev and 0.128 mg/cm? for lower energies.

The B-spectrum observed is shown by the full curve in Fig. 1,
constructed from three sets of observations which overlapped each
other, two with the thicker source and one with the inner (indi-
cated by triangles). Extra detail near the end point is shown in
the inset figure. A Kurie plot is given in Fig. 2 where, as in Fig. 1,
the limiting energy E, is found to be 275 kev, considerably higher
than the generally accepted value! of about 130 kev. However the
very unusual shape of the spectrum no doubt contributed to the
failure of the rather tentative earlier attempt to analyze it cor-
rectly. No maximum is observed on the curve, Fig. 1, and the
intensity increases rapidly with decreasing energy down to at least
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10 kev, below which point we have not pursued our observations.
The average energy is only 44 kev. The known spins of both ground
states involve a spin change AI=3(3/2—59/2) and the ft value
(logft=17.6 for Eq=275 kev, half-life 7=6.15X10'" yr) indicates
a definitely third-forbidden transition. The very remarkable de-
parture of the Kurie plot from the straight line qualitatively agrees
with expectations for the case AI=3, yes. Calculation* of the re-
quired correction factor Csz has not been attempted, although the
adjustment might well prove successful.
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Fi16G. 2. Fermi plot of Rb8" beta-spectrum.

The absence of conversion electron peaks implies simple decay,
but to verify this a search for K or L x-rays was carried out with
the same equipment. Careful examination of counting rate as the
discriminator level was varied through 1.8 kev failed to produce
any evidence of L x-rays, while the spectrum observed with
aluminum (58 mg/cm?) covering the source to absorb B-rays
showed that the intensity of K x-radiation corresponded to about
one quantum per 500 B-particles. Unambiguous allocation to
Rb or Sr was not possible. A scintillation spectrometer gave an
upper limit of the y-quantum per 5X10° B-rays.® Both of these

TaBLE I. Decay data for natural g-emitters.

Half-life

Source Eo(Mev) 7(1010 yr) logft

Rb8? 0.275 6.15 17.6
K10 1.36 0.11 18.05
. 0.215 18.02
Lus or 0.4 24 or 18.91
Re!87 0.043 400 17.73
Ndts0 0.011 5 13.73

low intensity radiations could be due to bombardment of the source
by B-particles, and we conclude that the process Rb8—Sr874-8~
is a simple ground to ground-state transition, contradicting some
previous findings. The conversion peaks described by Ollano®
would appear to be statistical -fluctuations, and previously ob-
served 8—e coincidences’ perhaps had their origin in reflection.

With the thin source we found that 0.10075 g of RbCl gave 1477
counts per min. Applying corrections for reflection® at the sup-
port (+7.5 percent) and self-absorption (—4.5 percent), the half-
life is

7=(6.1540.3) X 10" yr,

in good agreement with the latest value measured directly” and
that deduced from the uranium-lead method.®
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Our new value for E, increases logff to 17.6 and shows, when
tabulated with recent datal® for the other natural sources (Z <80),
a notable grouping of logft values near 18 (see Table I). Nd!s
seems exceptional, but preliminary work!! shows Libby’s data!?
are probably wrong and E, may greatly exceed 11 kev. Further
examination is necessary but Nd!%® may prove consistent in f2,
and a considerable gap will exist between ft for these elements
and that for the nearest neighbor, Be!? at logft=13.65.

We should like to thank Professor P. I. Dee for his interest and
encouragement in this work. A fuller account will be published
elsewhere.
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Angular Momentum*
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N this note we derive a quantity related to the rate at which
angular momentum is transferred from an acoustic wave to a
lossy medium; as Eckart! has recently pointed out, this transfer of
angular momentum generates time-independent vorticity. In
the interest of simplicity inviscid diabatic flow will be considered,
although it is necessary to take into account viscous forces if the
streaming velocity is to be calculated from the transfer of angular
momentum. The artifice of attributing acoustic losses (including
those due to shear viscosity) to the diabatic character of the flow
simplifies the argument without altering its validity.
Euler’s equation of motion may be written!

(3pu/3t)+p(u-V)u+uv-pu=—Vvp. (1)

Equation (1) may also be written in terms of the flux of momen-
tum density dyadic puu

(8pu/dt)+V-puu=—Vp, 2)

We now assume, with Eckart, that the solution to Eq. (2) is the
sum of a first- and a second-order term, u; and us, respectively,
where u; is irrotational and has a simple harmonic time de-
pendence. Upon taking the curl of Eq. (2), there results

VX poduz/dt=—(8/3t)(u1XVp1) —VX V- pouuy, 3)

where we denote the equilibrium density by pe, and in which p,;
represents the density associated with the solution u; to the first-
order equations of motion. The time average of the right-hand
side of Eq. (3) is equal to

— VXV {pourus)a, 4)

which is related to the average rate at which angular momentum
is communicated from the wave to the medium. In the steady
state, conservation of angular momentum requires that (4) be
balanced by stresses arising from the streaming of the fluid. It is
pertinent to note that (4) is the curl of the divergence of the
average value of Brillouin’s? radiation stress tensor. Should the
fluid be homogeneous, po may be taken outside the differential
operators. For a homogeneous medium with VXu,=0, we have

VXV (pourt)a=po[V(V-t1) Xy Jay. (5)



