


Ladies and Gentlemen,

It is a great honor for me to be awarded the Latsis Prize. I would

like to er(press my sincere gratitude to the family Latsis and their

foundation. It is my pleasure to introduce my working field, the theo-

retical study of superconductiuity, to you.

Superconductivity is one of the most intriguing phenomena in

solid state physics. A large number of metals undergo a transition to

this peculiar state at a low enough temperature. The commonly

known signs of superconductivity are vanishing electrical resistan-

ce and the complete expulsion of the magnetic field, the Meissner-

Ochsenfeld effect. The former serves for loss-free transport of elec-

trical power, while the latter provides the basis for the technology of

levitation trains. These two phenomena do not, however, by any

means exhaust the spectrum of phenomena in the superconducting

state. A variety of other properties, no less intriguing, make super-

conductivity one of the most active research fields in physics.

In the past 20 years we have seen the discovery of several new

classes of superconductors which distinguish themselves strikingly

from the previously known ones. There are superconductors among

the low-dimensional organic compounds, the mostly uranium-based

heavy fermion systems, but probably the best-known are the high-

temperature (copper-oxide) superconductors discovered in

Switzerland in 1986 by G. Bednorz and K.A. Mtiller. Although these

superconductors are in many respects different from each other,

most of them have the common feature that they belong to the class

of so-called unconventional superconductors. In this context uncon-

ventional refers to the symmetry of the superconducting state as I

will explain below [1].





about four years ago, is based on the Josephson effect. This effect

occurs if two superconductors are weakly connected with each

other. Then the condensates in the two superconductors are no lon-

ger independent, but show macroscopic quantum coherence via

mutual exchange of Cooper pairs. It is the geometrical aspect of the

Josephson contacts which allows us to probe the superconducting

state selectively in certain directions of the crystal lattice l3].

The coherence in the Josephson effect is most obvious in interfe-
rence patterns of the maximal current which can pass through the

contact when a magnetic field is applied. The aim is to create a
device which probes simultaneously various directions of the super-
conductor and would via distinctive interference feature reveal the
internal symmetry of the superconductor. For high-temperature
superconductors such devices were proposed to compare the super-
conducting state in two orthogonal directions [4,5]. The experimen-
tal result shows that in contrast to standard superconductors, the

Cooper pair wave function has an internal structure which alters the
interference pattern drastically and in an unambiguous way [6].
This symmetry is called "d-wave" in connection with the internal
angular momentum of Cooper pair.

Another aspect of the low pairing symmetry is the possibility of
"frustration" effects in superconducting loops. This is another cohe-
rence effect which can give rise to spontaneous currents and a
resulting magnetic moment of the loop [4]. It is a general feature of
superconducting loops that the threading magnetic flux - the total
amount of the magnetic field - is quantized in a universal way. In
standard superconductors the flux is quantized in units of Q0 =

hcl2e and the smallest flux in a loop is zero. On the other hand, in
high-temperature superconductors, we find special conditions
under which the smallest flux is finite, more precisely A gl2 W].
This theoretical prediction was verified in one of the most beautiful
experiments in this field l7l. In particular, it was found that a loop
consisting of several superconducting pieces can generale a sponta-
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