No. 6
June 1957

171

ALIGNING ATOMIC NUCLEI

THE alignment of atomic nuclei is of great
importance in many areas of research in
nuclear physics. Nuclei have only very small
magnetic moments, however, and it at first
appeared that extremely high magnetic fields
or extremely low temperatures would be re-
guired to produce any appreciable nuclear
orientation.

A means of escape from this situation was
indicated by Overhauser who showed 1n 1933
that under certain conditions electromic para-
magnetic resonance absorption can be employed
to enhance the degree of nuclear polarization.
George Feher of Bell Telephone Laboratories
has recently made another significant advance
in this field of research by his development of
a powerful new technigue which employs both
electronic and nuclear paramagnetic resonance
absorption.

Interaction of the electronic and nuclear
magnetic moments in an atom leads to split-
ting of its electronic energy levels. The result-
ing hyperfine levels are further split by an ex-
ternal magnetic field, but this field splitiing is
not the same for two adjacent hyperfine levels,
and this is fundamental to Feher’s novel pro-
cess of nuclear alignment.

Because of the unequal field splitting, nuclear
transitions in only one of the two resulting sets
of hyperfine levels can be produced by absorp-
tion of selected radio freguency quanta. Such
fransitions involve a change of nuclear spins,
or a spatial reorientation of nuclear magnetic
moments, and this leads to nuclear alignment.

The new scheme of nuclear polarization Is
unique in that it places no requirements on the
relaxation mechanism for either nuclei or elec-
trons except that the relaxation times be quite
long. It is only necessary to sweep through a
fraction of the apphed magnetic field in a time
short compared to either relaxation time. The

combined action of this swept field and a micro-
wave magnetic field 1mnduces allowed electronic
Spin resonance transitions between the two sets
of hyperfine levels. These transitions produce
changes in level population such that each set
of hyperfine levels exhibits a nuclear polariza-
tion. However, the alighment in one set is
opposite to that in the second, so that the sam-~
Ple as a whole is not yet polarized.

With the sample in this state, the nuclear
polarization of just one of these sets is reversed
by nuclear resonance absorption in a radio fre-
quency magnetiec field of the proper frequency.
This results 1in nuclear alignment which is the
same in both sets, so that nuclei in the sample
as a whole are similarly polarised and the spe-
cimen possesses a microscopic nuclear magnetic
moment.

Under certain conditions the changes in
population of hyperfine levels produced by this
nuclear resonance absorption result in pro-
nounced changes i the electron resonance ab-
sorption intensities. Observation of the electron
spin resonance line thus provides a very sensl-
tive means of studying nuclear resonance
phenomena.

This new double frequency resonance tech-
nique not only facilitates study of nuclear
transitions but also permuts determination of
hyperfine interaction constants and nuclear
gyromagnetic ratios. It 18 applicable in those
cases where the hyperfine interaction is small
compared to the electron line width so that
hyperfine structure cannot be resolved by the
usual single frequency spln resconance tech-
nique. Through its use new information s being
obtalned on 1mpurities in semiconductors, on
F centres in alkali halides, and on values of
the electron wave function at various lattice
points in solids.

JENA REVIEW

ESSRS. VEB CARL. ZEISS, Jena, one of the
world's leading manufacturers of scientitie
instruments, well known for their fine quality,
accurate functioning and high precision, have
just started the publication of “Jena Review",
a bi-monthly.

The Review, the first number of which is ir
our hands, contains articles from heads of sec-
tions degling with the scientific and technicnl
problems occurring during the use of their in-

3

struments by their customers, their future prc.
grammes of work and other activities of the
Firm,

The Review is excellently got up and wo
heartily welcome the publication which will
serve as a gulde to all the users of Zeiss in-
struments in the world.

The Review is distributed free, gnd those in-

terested can apply to: The Lit. Dept., Veb Carl
Zeiss, Jena, Germany.




