
LETTE RS TO TH E E D I TOR 107i

g' is a constant to be evaluated from experiment. Q is QiQ2, an
operator which changes two neutrons into two protons. 0, and Qg
are both linear combinations of the 6ve operators occurring in
beta-theory; 0, operates on the electron wave functions while Q~
operates on the nuclear wave functions. Q~ is to be interpreted as
!&~j+0~2. 5 is a matrix making M * a spinor. Writing

+=&m &mmmm

and using the Jordan-signer anticommutation relation

d'm +n +@n ~m

one obtains, as the perturbing hamiltonian for the creation of one
electron into state m and another into state n,

2 ~g'f Q m~@&QN —f~~~.&Pm*) ~xQ I .
For the tensor and pseudovector interactions,

Pmtn, SP„*—y„~n,SP„'=0
while for the scalar, vector, and pseudoscalar interactions,

$ ~0,5$„~—Q„tQ,Bfm*=2$ t0,8$„*.

For these last three interactions, in the "allowed" approximation
for plane wave electrons, the transition probabilities are:

Scalar: ~8(e, e)ds de

a cose
=(e c +1) 1— p.

&m&n+ 1

Vector: mi,.(~, 8)de de

=(e s„+1) 1+ F.
&moors+ 1

Pseudoscalar: mpq(em 8)de

0. cos8=( „—1)
&me~ —1
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TIIEORETICAL calculaAoes. —The half-life of nuclear iso-
meric states as a function of gamma-ray energy, nuclear

radius, and type and multipole order of radiation has been calcu-
lated. As a simple model, it is assumed that the radiation is due to
a single proton moving in the potential well of the rest of the
nucleus. Radial integrals which appear are replaced by the proper
power of the nuclear radius R. Because of cancellation of nuclear
wave functions, this is expected to give a considerable overestimate
of the values of the radial integrals and thus an underestimate of
the half-life.

The half-life r~ for change of nuclear spin I from L+ ~ to ~2 is
calculated to be

2(L+ 1) gR ~ 2L -I

I.(1 3 5 2L+1)2' c

for electric 2L-pole radiation (EI.) (1)

.VL r EL h L
mcR L+1

for magnetic 2L-pole radiation (3fL}. (2)

This is the theoretical half-life for gamma-emission' not including
the effect of internal conversion. Here p, denotes magnetic moment
due to intrinsic spin. The angular frequency of the radiation is ~.
The mass of the proton is m. Equations (1} and (2) are nearly
unchanged for any other transition for which the nuclear spin de-
creases by L; if the spin increases by I., the above half-lives are
multiplied by the factor (2I j~ jt js1+1)/(2I f jgtsi+1) Figure 1
shows both the theoretical estimates and the experimental values
of the half-life of odd-A nuclei, the latter corrected for internal

c'It' (1+ )(1+ „)
0'= (sm' —1} (~~' —1), e.= ep —em.

is the energy of an electron in the state m, and ~p is the nuclear
mass diRerence, both in units of mc2. 8 is the angle between the
electrons.

Integrating over e and assuming that co=5,
~
EP~ =1, and the

half-life=102' years, one 6nds that

G'=—g'(1 jm~') (m&/a)'= 10 ".
It is interesting that the Fermi G is 10 "for the lightest mirror
nuclei; it may not be inconsistent to say that G' is G2.

A fair approximation for the half-life as a function of ep for
wp+3 is

r =2&10'4 yearS jgcp2(ep2 —4) (ep —2}j.
The term considered here will also make possible the emission

of two electrons followed by the absorption of one of these elec-
trons with the emission of a neutrino —that is, a second-order
contribution to single beta-decay. However, in the integration
over the momentum of the virtual electron, the integrand goes
to zero rapidly when the wavelength of the electron becomes of
the order of the nuclear diameter. It can then be seen that this
contribution to single beta-decay is perhaps 10 "as large as the
first-order process.

I should like to acknowledge very helpful discussions with
Professors I . Kolfenstein and J. Ashkin.
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Fio. 1. Corrected half-life of odd-A isomeric transitions as function of
energy. The points show experimental values of half-lives corrected for
internal conversion (using theoretical values), and to A =100. The lines
indicate theoretical predictions from the single-proton model, according to
Eqs. (1) and (2), for A =100. (Nuclear radius, R =1.5 X10 'sA& cm, )
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conversion (using theoretical values~') and to A ~ 100. There are
two lines for each magnetic multipole order. For the line labeled
"no spin, " only the contribution of orbital proton motion to
transitions has been considered (p=0). The other line, indicated

by "with spin, " has been calculated on the assumption that in

addition to orbital motion all of the magnetic moment due to
intrinsic proton spin contributes to the interaction responsible for
the transition (tt, =2.79).

Inta prdatiom of Data.—There is a very well-defined group of
transitions with half-lives and internal conversion data corre-
sponding to magnetic 24-pole radiation, also called l 5, involving
a spin change of 4 and change of parity (BI=&4, yes). These
transitions occur for odd nucleon numbers 39 to 49 and for 67 to
81, as predicted by the shell model. o Most of the transitions have
half-lives which, when corrected for internal conversion, A =100,
and energy, lie within a factor of 10 of each other. When the spins
of initial and final state are considered, this agreement is improved
to within a factor of 3. The half-lives fall near the "no spin" line
and are larger by a factor of the order of 100 than for the "with
spin" line. This is probably not due to the absence of a spin effect
but happens because the spin effect is counterbalanced by cancel-
lation of wave functions in the radial integral.

There is another not so well-defined group of shorter half-lives,
also called /=4. The interpretation of experimental conversion
coeScients and E/I ratios for the Kr" and Ag'o7 transitions&3 &7

favors an assignment of electric 2'-pole radiation (dI= +3, yes)
for both cases. It is bkely that many of the other transitions in this

group are also electric 2'-pole. Figure 2 shows decay schemes for
these cases. The single particle shell model is modified in that one
postulates the existence of levels whose spins are determined by
coupling spins of several odd, nucleons. Thus 3, 5, or 7 nucleons in a
gg. orbit couple to give a state of 7/2 even, in addition to the ex-
pected state of 9/2 even. The electric 2'-pole transitions occur for
43, 45, or 47 odd nucleons exactly where there are 3, 5, or 7 g@2

particles according to the shell model. They are not found for 39,
41, or 49 odd nucleons where there is one particle or one hole in the

got& shell. A magnetic dipole gamma-ray should follow these transi-
tions wherever the ground state is 9/2 even, as happens for Kr~
and Tc".The half-lives of these electric 2 -pole transitions are 1000
or more times larger than the theoretical formula. For a many-
particle transition to or from a (go~9)37t2 level, the effect of cancel-
lation in the radial integral is probably large enough to account for
a factor as large as this.

In regard to very short-lived states, a few transitions are well

established as electric quadrupole (AI =+2, no). It is probably
significant that those transitions with half-lives shorter than the
theoretical predictions occur in the region of neutron and proton
numbers where large quadrupole moments are prevalent. '

The half-life of only one magnetic dipole transition (AI=+},
no), that of Li', has been measured. ' It agrees well with theory
when the full value of proton magnetic moment is considered. No
cancellation is expected for this case because the initial and final
state probably have very similar radial wave functions.

Many of these conclusions have been reached independently by
Goldhaber and Sunyar. 'o The author v ishes to thank Dr. Maria G.

Mayer for suggesting this problem and for valuable guidance
throughout the course of the work.
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Crystals with Pressure

SUMNER MAYBURC

TVcstinghousc Atom& Power Division, Pittsburgh, Pennsylvania.
{Received July 11, 1951)

ECENTI.Y, Rao' has disagreed with certain calculated re-
sults in my paper on the effect of pressure on the low

frequency dielectric constant of ionic crystals. ' In addition, Rao
presents a Born-Madelung type theory by which he obtains good
agreement with my experimental values.

It is the purpose of this letter to point out that the disagreement
between Rao and myself can be completely explained by a differ-
ence in our definitions of compressibility. I define the compressi-
bility of a material by

g= —8 lnV/Dp. (1)

The results of Rao's calculations indicate that he defines the
compressibility as

g= —(1/Vo) a V/a p. (2)

In {1)and (2), V is the volume at the pressure p and Vo is the
volume at zero pressure. The difference between (1) and (2) be-
comes important when one wants to determine the change of
compressibility with pressure, 8g/8p, from the data of Bridgman
which are in the form

(Vo—V)/V o ——ap —bp2, (3)

where a and b are constants for a given material. Then, Eq. (1)
leads to

(~x/op), o= —2b+a2,

while Eq. (2) yields

(~x/~ p) p-o= —2b (2a)

The difference between (1a) and (2a) is by no means negligible and
may be as much as 25 percent.

Using the compressibility as defined by Eq. (1), I have recalcu-
lated the quantity 8 1nE/Bp from the Born-Madelung equation
used by Rao; the equation is

K—Ko= constant p'~'x (4)

—ppi.—1/2 odd
m=3 (yes)"
(g9&&)~ 5, or7 7/2 even
dJ'= 1 {no)—"(got.)' ' o"—9/2 even

(—(gog2)3 ~ "'—9/2 even)

(g9/2) ~ ~ "—7/2 even
I.T.E3 M=3 (yes)—"pit..—1./2 odd

—8 lnK/Bp
[from (4) 1

—8 lnK/8p
)observed)

TABLE I. Calculated and observed values of -8 1nK/8p.

Example: KrL' Example: Ag"'

Frc. 2, Decay schemes of electric 2'-pole isomeric transitions for nuclei with
43, 45, or 47 odd nucleons.

LiF
NaCI
KCl
KBr
MgO

0.29 X10 & bars '
0.72
0.59
0.66
0.13

0.448&0.028 X10 ' bars '
0.98 &0.06
1.05 &0.08
1.17 +0.09
0.320 +0.019


