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W HILE studying the magnetic properties of a number of
magnesium ferrites, and related spinels, evidence was

obtained in a few cases of a resonance with su%ciently small
damping to produce a peak in the curve of permeability versus
frequency for unmagnetized samples. Figure 1 shows the results
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an average would seem to be largely valid for distributions if not
for end-point energies.

In view of the great difhculty of measuring the beta-spectrum
of H3, the concordance of adjusted data is remarkable. In terms of
average deviations from the mean, it appears that the shape of the
distribution function is now known to a precision of about 3
percent from 0.5 to 5.5 kev, about 1 percent from 6 to 11 kev,
about 5 percent from 11.5 to 17.5 kev, and about 25 percent on up
to within 2 percent of the end-point energy. Equally remarkable
is the fact that the deviations of the composite from the theoretical
spectrum are generally comparable with (in most cases less than)
the corresponding average deviations of the measurements, except
at the very lowest and highest energies where the measurements
are very uncertain. A Fermi plot of the points in Figs. 1 and 2 is
extremely satisfying from 2.5 to 18 kev; although the point at
0,9 kev is somewhat low, the points at 1.8 kev and above 18 kev
are high (this last one about 100 percent, ).
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deduced from Kittel's formula,

X. o'+ X'po+y~X

xo ~o'+ P 'po —~'+ j~P (1+» o)

that the real part of x, Re(x), can only be become negative if X &0pp
but that it can exceed its static value yp only if A&coo/po. Now,
in fact, it has been found that all ferrites which are appreciably
ferromagnetic show negative values of Re(g) over some part of
the range 1000 Mc/sec. to 10,000 Mc/sec. , but hitherto none has
been found with the positive peak in Re(g). Where the positive
peak has occurred in our results it has been superimposed upon
a basic curve of falling x, as seen from Fig. 1. The complete sus-
ceptibility can thus be regarded to a second approximation as the
sum of two parts, each part represented by an equation of the
above form. In the example given, the basic part contributes
about three-fourths of the total low frequency susceptibility, has
a resonance frequency, cop/2m. , of about 140 Mc/sec. , and a
damping ratio X/cop of about 0.5; the remaining one-fourth of the
LF susceptibility has a resonance frequency of about 1500 Mc/sec.
and a damping ratio of about 0.1. The observed shape of this
resonance, however, appears to be much less sharp than that
required by the formula; the addition of a third component enables
a better fit to be obtained.

If Frenkel's form' of the absorption is used in place of Kittel's,
the general frequency behavior is similar, but Re(y) is then
negative for co&cop for all values of the relaxation time r, while
Re(x)/yp exceeds unity at some frequency only if T)%/cop. A
slightly better fit to the observed points is obtainable with two
components of Frenkel's form than of Kit tel's, and the relaxation
time for both components is near 10 sec.

At low frequencies the formula gives a loss component which
varies with frequency in the same way as an eddy current loss, and
it has been found that the measured apparent eddy current loss of
several ferrites is of the order of magnitude predicted by the for-
mula from high frequency measurements.

It has also been observed that the application of a sufIiciently
strong transverse static magnetic field restores the 10,000 Mc/sec.
susceptibility to about one-fourth the LF value. This suggests
that the first term (which is dominant at low frequencies) is
insensitive to external fields, whereas the second term behaves as
implied in Kittel s analysis, i.e., cup increases with increase of the
static field.

The interpretation of the two resonance frequencies in terms of
internal fields would seem to imply rather smaller fields than have
hitherto been suggested but the precise magnitudes involved would
seem to depend considerably on the geometry assumed for them.

Acknowledgment is made to the Chief Scientist of the Ministry
of Supply and to the Engineer-in-Chief of the General Post 0%ce
for permission to make use of the information contained in this
letter.
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0'5

-0 5
i00 200 2OOO 5000 ioPOO

r RE i3UE4CY iN M c/st Beta-Spectrum and Decay Scheme of 6&Tb'"

FIc. 1. Natural ferromagnetic resonance. Q Q Q are points measured on
Mg ferrite sample.

found for a particular magnesium ferrite. In the region where the
resonance occurred, the measurements were carried out in terms
of standing-wave observations in a coaxial line containing the
sample adjacent to the short-circuited end. Care was taken that
higher modes, which might propagate within the sample, were not
excited. The results may be interpreted in terms of an extension
of the Landau-Lifshitz theory' as amended by Kittel. ' It may be
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'HE P-spectrum of Tb'" has been investigated in the Argonne
180' spectrometer. The purified sample of Tb40~ from Oak

Ridge was bombarded in the Argonne heavy water pile for about
90 days and allowed to cool for about one month. The activity of
a portion of the sample was then followed for 3 months indi-
cating a half-life of 71&1 day.

The source of 0.1 mg/cm2 was prepared on a Nylon backing
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TABLE I. Internal conversion electrons in Tb~~.

Line assignment y-energy

)60
Tb

65

31.0+0.35 kev
76.0&0.7
83.8 &0.7

144.5 &1.5
192.3 &1.6
246.1 &1.8
832 &4.5
877 +4 5
920 &4.7
962 &5.0

z(»)
L(vi)

K(y2)
L(VS)

Z(y4)
L(~ )
I)'(v )
L(Vs)

84.9 kev
85.1
85.3

198.4
201.4
300.0
886
886
964
971

0.

I60
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5
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0.970 Mev y5
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Fic. 3. Proposed decay scheme for as Tb'6'.
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Frc. 1. Momentum distribution for Tb~& beta-radiation.

of ~0.1 mg/cm~. The counter window was of several layers of
Nylon totaling 0.08 mg jcm'. A spectrometer resolution of 2

percent in Hp was used.
The momentum plot of the spectrum is shown in Fig. 1. The

lines in this plot may be assigned to conversion electrons from
several gamma-rays of Dy as given in Table I.

The gamma-ray energies of 85, 200, and 300 kev agree well with
those previously reported by Cork, ShrefBer, and Fowler. ' The
gamma-ray of 212 kev reported by these authors was not observed.

The peaks on the momentum plot at approximately 640 and
690 gauss-cm corresponding to energies of 34.8%0.8 and 39.8&1.0
have been assigned to Auger electrons.

The Kurie plot of the Fermi theory is shown in Fig. 2. The plot
appears to consist of three linear portions down to an energy of
~230 kev below which there is an upward trend. Extrapolations
of the linear portions of the plot give p-end points of 860+10,
521&10, and 396+10kev.

A search for positive radiation yielded no evidence for a positron
decay. In view of this and the above energy values of the p's and
y's the decay scheme of Fig. 3 is proposed.

Values from the extrapolated linear portions of the Kurie plot
were replotted on the momentum diagram {the dashed lines) with
corrections being made at the extreme low energy end for the
window absorption. Comparison of the areas under the curves
corresponding to the three betas indicated the relative intensities
of the three to be ps60..p52j. p395. .1.00:0.96:0.39.

' J.M. Cork, R. G. ShreNer and C. M. Fowler, Phys. Rev. 74, 240 (1948),
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The Beta-Spectrum of He' *
V. PEREZ-MENDEZ AND H. BROWN
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December 19, 1949

'HE beta-ray spectrum of He' has been investigated in a
beta-spectrometer for gaseous emitters. '

This spectrum was first investigated by BjergeP ' using a cloud
chamber. Subsequent absorption measurements by Sommers and
Sherr4 gave an energy end point of (3.5&0.6) Mev. Rustad' found
an end point of (3.2&0.2) Mev, and a half-life of (0.84&0.02) sec.
Holmess gives a half-life of (0.823&0.013) sec. The spectrum is of
considerable theoretical interest because of the low ft value and
the high maximum energy.

The Hes is produced by a (n,e) reaction by bombarding finely
divided beryllium powder with fast neutrons from the cyclotron.
In order to obtain high specific activity of He', it was necessary
in this experiment to employ a modification of the internal probe
technique used previously with gaseous targets. By placing the


