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tn this short lecture, 1 will Lry to pive a brief survey of the present
status of the maclear mapnetic resonance (NMR) study on hiﬂh-Tc superconductors.
1 will start with the introduction to the tundamental coucepts of NMR (81 and
§23. First I shall explain the basic principles of the magnetic resonanece
phenomena (§1), which itself is a heautiful reallzation of the coherence ol the
guantom spin system. [ hope this will help the audience te become familiav with
this experimental technigque.

The resonance phenamena, although being interesting by itself, would have
been useless in condensed matter physics if the nuclear spins were isalated from
surrounding electrons. It is the hyperfine interaction -- the magnetic
interaction between nuclear spins and the electronic spin or orbital magnetic
mements -- which makes NMR such a useful probe for the electronic propertics of
solids. In §2, 1 shall review the basic aspects of the hyperfine interaction
and show how the various quantities which characterize the resonance, such as
the shift of resonance frequency, line shape, nuclear spin lattice relaxation
rate etc., reflect the magnetic properties of the electronic system. The
thoruph knowlepgde of the hyperfine interaction is crucial for thé interpretation
of any NMR data. 1 will not discuss the electric hyperfine interaction which is
important te analize the quadrupole splitting of the NMR spectra and the NOR
(nuclear quadripole resonance) spectra. The typical behavior of the frequency
shift (Ringht shift) and the nuclear relaxation rate in cenventional metals and
superconductors will be also discussed.

The rest of the lecture will be devoted to the recent cxperimental progress
in the NM¥ study of highATcsupecunducLors. 1 shall focus on the results in
YBHZCUEQ? 5 since this system has been studied by Far mosr extensively and has
provided a wide varicty of phenomena. There are two major issues Lo he

discuced. The first issue is concerned with the electronic structure and the

static mapnetic properties of this system. The second issue is the dynamical
hehavior of the electron spins and the nature of magnetic excitations.

1t is by now widely recognized that the two dimensiocnal Cuﬂ? plancs are the
most fundamental consituent of the high-Tc materials and the spin and charpe
excitations are associated with the Cu-3d and oxygen 2p states. However, the
nature of these excitaions in the normal state is not well understeod. An
important problem is wherther the electron spins on the Cu-3d states and Lhe
oxygen 2p states have independent degrees of freedom or they are so strongly
hybridized to form a single spin system. 1t is also important to know whether
these electron spins have the character close to the localized moments such as
the Cu2+ moments in the antiferromagnetic insulator YBaZCu]OG or these are more
like itinerant electron system which can be veiwd as a Fermi liquid.

The static NMR properties i.e. the Knight shift, which 1 discuss in §3,
give useful information about the first problem. The Knight shift measuremant
in the superconducting state also gives some insight abnut the nature of the
pairing states (s or d-wave, magnitude of the superconducting gap). The
measurement of the nuclear relaxation relaxatioen rate which will be discussed in
§4 is related to the second problem. There has been substantial theoretical
progress in the understanding of rhe spin dynamics in the normal states. |
would like to emphasize the importance of antiferromagnetic short raupe
correlations among Cu spins which is the key concept to understand the ouclear
relaxation bebavior in this system. Another important feature of the relxation
data is the absence of the so called Hebel-Slichter peak (cohwrence peak) in

this system which is not fully understood yet.
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