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T occurred to one of us (G.M.T.) that the anisotropy of
J. radiation from radioactive nuclei observed recently' 4 might
be used with advantage for a precise determination of the nuclear
gyromagnetic ratio of radioactive isotopes. An experiment is
proposed where the minimum number of nuclei necessary to
detect magnetic resonance is not determined by the signal-to-noise
ratio of radiofrequency equipment, but solely by the statistics of
the counters monitoring the radioactive decay. Thus, only
minute amounts of the radioactive isotope are needed. '

Suppose that in some way a certain alignment of radioactive
nuclei in a crystal has been established. When this crystal is
subjected to a radiofrequency field of the proper frequency, so
that it will induce transitions to levels with other spatial quant-
ization of the radioactive nuclei, the observed radioactive ani-
sotropy will drop or disappear. This effect will occur regardless of
the order of magnitude of the spin-spin relaxation time T2 and
the spin-lattice relaxation time' TI. If both TI and T2 are large
compared to the inverse of the "nutation frequency" 1/&H, f, the
nuclear spins will oscillate as free spins between the connected spin
levels. ' If Ts«1/yP„f, but y'Zg'I'ques»1, the nuclear spins will
lose their coherence. They will be distributed evenly over the
connected spin levels. If finally y'E/, pTIT~&&1, the power. absorbed
by the radioactive nuclear spins will serve to heat the other
degrees of freedom in the crystal. Since a radiofrequency field of
a few gauss amplitude will induce transitions at a rate of 104 or
10' per second, the absorption would be sufhcient to increase the
entropy of all spins in the crystal in a few seconds, even if the
radioactive nuclei occur only in a relative concentration of one
part in ten thousand. Spin levels with a much larger splittings,
which would require more energy to increase their entropy, need
not be considered, since the nuclear alignment will disappear at
temperatures, where the contribution to the specific heat of these
larger splittings is still negligible. There is absolutely no limitation
on the concentration of the radioactive nuclei if y II,PTyT2»1.

Under all circumstances the radioactive anisotropy will be
drastically reduced within a few seconds, after the application of
a radiofrequency field of sufFicient amplitude, at the resonance
frequency of the radioactive nuclei. This frequency can thus be
determined with the usual precision of the nuclear magnetic
resonance in solids. The proposed method, which requires no
refined high frequency techniques, is based upon a heating effect,
as in Gorter's original proposal of magnetic resonance. The
crystal at very low temperatures constitutes a very sensitive
calorimeter, the radioactive anisotropy serving as the appropriate
thermometer.

If nuclear polarization is obtained for nuclei in nonmagnetic
ions, the experiment can be carried out in a known external
magnetic field and the nuclear magnetic moment can be measured
directly, provided quadrupolar eR'ects can be neglected. So far,
nuclear alignment has been obtained only for nuclei in magnetic
ions, ' ' oriented by the strong field from the electron spins. In
this case, with zero external field, the magnetic moment can be
compared with that of another stable isotope, or the internal
field must be calculated from theoretical considerations. 9 The
magnetic moment of Co" can be compared with that of Co" in
the same salt."The resonance of the Co" nuclei could, of course,
also be detected by the heating of the crystal and the disappear-
ance of the radioactive anisotropy of Co". Bleaney' and Gorter'
have obtained a value of 3.2~0.3 nuclear magnetons for Co"

.from the observed magnitude of the anisotropy at a known
temperature. This approximate value would facilitate the search
for the precise magnetic resonance of Co". A rough calculation
indicates that our proposed experiment could be carried out on
the samples used by Bleaney and Gorter.

A complication may arise in magnetic salts from nonresonant
electronic spin-spin absorption. During the search for the nuclear
resonance, the crystal may be warmed up by this spurious absorp-
tion. It is true that nuclear alignment is achieved in crystals
which are magneticalIy dilute, so that the nuclear resonance
frequency is high compared to the spin-spin frequency. In other
words, the hyperfine structure is well resolved. Nevertheless, the
absorption in the tail of the spin-spin interaction might still be
prohibitively large. If we assume with Broer" a Gaussian shape
for the spin-spin relaxation, the absorption in the tail will be
negligible. It would be interesting in its own right to investigate
the nonresonant high frequency absorption in dilute magnetic
crystals at very low temperatures. Any of the low temperature
thermometers' including the radioactive anisotropy could be
used for this purpose.

The experiment is being initiated by the Cryogenics Section of
the National Bureau of Standards.

+ First reported at the meeting of the American Association for the
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&HE measured magnetic moments of H' and He' show that
there is an exchange contribution to the magnetic moments

of nuclei. Do the measured magnetic moments of heavier nuclei
support the same conclusion? Several papers' seem to give an
afhrmative answer. Ross' implies that more research is needed
before the question can be answered. A detailed study of a few
nuclei seems to confirm Ross.

According to the individual-particle model, some nuclei have
closed shells of nucleons. Nuclei which have one nucleon outside
closed shells or one nucleon missing from a closed shell may be
called "closed shell (+1) nuclei. " If the individual particle model
were exact and exchange effects contributed nothing, the magnetic
moments of closed shell (&1) nuclei would lie on the Schmidt
curves. Feenberg' has noted that the measured magnetic moments
of closed shell (&1) nuclei seem to lie nearer to the Schmidt
curves than those of other nuclei.

Osborne and Foldy' have suggested several operators for the
exchange magnetic moment. Some of the operators may be
eliminated because they do not have equal and opposite values in
H' and He'. An argument about time reversal, ~ which is not
conclusive, eliminates other operators. The Osborne-Foldy
operators M~, (c), and (d) remain. The writer has omitted (d)
and assumed that the exchange magnetic moment operator is

M. =M~+ C Z f(r„„)(g.X~.).(o'.Xe.)

=M)+M .
The constant C was adjusted to fit the measured magnetic
moments of H' and He'.


