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TABLE I. Isotopic composition of xenon extracted from 371 g of a 1.5 )(109
year old mineral containing 70 percent BizTea. Tlie total xenon content was
2.6X10 7 cc S.T.P.

Mass BizTe No. 4 Normal
Difference
normalized

124
126
128
'I 29
130
131
132
134
136

&0.004
&0.005
&0.014
=—1.000

0.0652
0.4088
0.1566
0.0651
0.0562

0.0005
0.0005
0.011
0.1525
0.0236
0.1235

=—0.1566
0.0611
0.0519

&0.0035
&0.0045
&0.003

0.8475
0.0416
0.2853=—0.0000
0.0040
0.0043

&0.29
&0.38
&0.25
71.66 &0.7
3.52 %0.17

24.12 &0.3=—0.00
0.34 &0.25
0.36 %0.16

The Effect of the Compressibility of the Earth
on Its Magnetic Field

C. TRUESDELL

Applied Mathematics Branch, Mechanics Division,
.Vaval Research Laboratory, Washington, D. C.

April 25, 1950

"N his recent review of geomagnetism associated with the earth' s
- - interior Elsasser' has noted that the equation for the magnetic
induction B in a fluid moving with velocity v reduces to

DB/Dt =B.gradv —B divv,

provided displacement currents and decay may be neglected. He
remarks that "we may safely drop the last term, considering the
fluid as incompressible, " so that (1}reduces to a form "analogous
to the well-known Helmholtz equations for the conservation of
vorticity. . . ,

" whence results analogous to the Helmholtz
theorems follow.

xenon has been given in the last row of the table. These per-
centages were calculated by assuming that all of the XeI~ present
was normal (atmospheric), and by subtracting corresponding
amounts at the other mass positions. It is evident from the table
that, aside from the somewhat questionable excess xenon at mass
134 and 136 (possibly due to uranium fission), the excess xenon is
distributed among the isotopes Xe"', XeI~, and Xe'".

The excess Xe"' and Xe'" is probably caused by (n, y) reac-
tions on Te'2' and Te"~. To account for the neutron "flux" re-
quired to produce this much xenon in 1.5X10p years, it is neces-
sary to assume that there was considerable uranium in the
immediate neighborhood of the tellurium mineral. Dr. Grip
informs us that unusually large amounts of the uranium mineral
thucholite have been found in the stope from which the Bi2Te3
was taken. Thus we ascribe the excess Xe"' and Xe'" to the
proximity of such a deposit.

An interesting discrepancy appears in the ratio of Xe'2' to Xe'"
found in the sample. The present measurements show this to be
3.0, whereas one would expect a ratio of 0.6 from Seren's values'
for the tellurium cross sections. One possible explanation is that
Xe"' was also produced by the decay of small amounts of
II2p(~3X10~ yr. ) present in the mineral. This nuclide, as yet
undetected in nature, may have been formed originally in amounts
comparable to that of II2'.

The excess XeI~ is attributed to double beta-decay of Tei~.
There appears to be no other explanation for its formation.
Assuming an age of 1.5X10"years for the Bi2Te3, the excess Xer~
present corresponds to double beta-decay of Tei~ with a half-life
of 1.gX10' years. This result is to be compared with theoretical
half-lives of 6X10" years and 10" years. the former computed
from the Majorana theory of the neutrino, and the latter from
the Dirac theory. Both calculations are for allowed transitions
with 1.6 Mev of available energy.

' M. G. Inghram and J. H. Reynolds, Phys. Rev. 76, 1265 (1949).
'-' Seren, Friedlander, and Turkel, Phys. Rev. 72, 888 (1947).

While the neglect of volume changes is doubtless justified for
motions at uniform depth, the great pressure gradients con-
jectured to exist in the earth s interior make it rather unlikely
that Elsasser's approximation is justified if there be any con-
siderable vertical motion. In some of the models suggested by
Bullard' a part of the flow is nearly vertical. The neglect of com-
pressibility eRects is quite unnecessary, however, to obtain the
conservation theorems. Equation (1) as it stands is a youthful dis-
covery of Lagrange, 3 and Nanson4 observed that by using Euler's
continuity equation

divv = —D logp/Dt,

where p is the density, one can reduce it to the form

D(B/p)/Dt = (B/p) gradv.

Hence the analogs of the Helmholtz theorems for t.he present.
instance may be stated in the following form: (a) the lines of
induction are material lines, (b) the Aux of induction, s JqB dS,
is constant in time for a material surface 5.

Among the finest proofs of these results are those of KirchhoR, '
who derived them directly from Cauchy's formula'

B/p= Bp/pp'GRAD r, (4)

where Bp and pp are the values of B and p at some arbitrary initial
instant t= 0, and GRAD r is the gradient of the present position
field r with respect to the initial position field R. It is easy to see
that (4) is the general solution of (3).

In fact, however, Zorawskis showed directly that a condition of
the form (a) is both necessary and sufficient for the validity of
theorerns of the Helmholtzian type for the field B, irrespective of
its physical significance.

Equivalent to (b) is the conservation of the circulation of the
magnetic vector potential around a material circuit.

For motions in the earth's interior the case when the flow is
rotationally symmetric and the field B is perpendicular to the
axial planes might be relevant for part of the motion. Equation
(4) then reduces to a result analogous to the vorticity convection
theorem of Svanberg

B/r p = const.

for each particle, r being the distance from the axis of symmetry.
In motions of this type the effect of density changes appears in a
particularly lucid way, tending to counteract the increase in 8
incident upon approaching the axis of symmetry.

' W. M. Elsasser, Rev. Mod. Phys. 22, 1 (1950). See p. 30.
-' E. C. Bullard, Proc. Roy. Soc. A197, 433 (1949'1. See Section 8.
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A SIMPLE methodi has recently been developed for measuring
the diRerent. ial production cross sections of positive an(1

negative m-mesons when various nuclei are struck by high energy
charged particles from the 184-in. synchrocyclotron. In this


