Making Light Work

indows or eyeglasses that darken in bright light are examples of nonlinear op-
tical materials, in which the response of the medium, in this case the refractive
index, changes dramatically with the light intensity. However, the response
time, typically seconds, of these materials is too slow to be of practical use for
electro-optic or all-optical switching processes. The combination of intense co-
herent radiation available from lasers together with newly developed photo-
refractive materials is providing nonlinear optical response times on ultrafast time scales. Such systems
allow photons to be added, subtracted, mixed, and manipulated in ways impossible in our familiar low-
light—intensity environment. The Reviews in this special issue of Science look at some of those devel-
opments in the field of nonlinear optics and the applications they are finding.

To study the dynamics of an event too fast for our eyes to see, snapshots of the event are taken,
pieced together, and then played back in slow motion. Cameras equipped with fast mechanical shut-
ters allow us to view microsecond snippets of time. The detailed dynamics of chemical reactions or
of electronic transitions in crystalline materials can be revealed in a similar manner by following
processes with laser pulses on time scales of picoseconds (10-'? s) or femtoseconds (10~ s). Stein-
meyer et al. (p.1507) review the role of nonlinear optics in the generation of ultrafast laser pulses

and focus on the role being played by direct laser oscillators.

It is necessary in spectroscopy to tune in to the energy scale that is relevant to the particular system
under study. However, lasers generally emit light at very precise and fixed wavelengths. Dunn and

Ebrahimzadeh (p. 1513) describe how high-quality monochromatic light
can be generated with optical parametric oscillators in which the interaction

(p.1523) review the techniques required to implement processing of the opti-
cal signals at transfer rates in excess of 100 gigabits per second.
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scopes undo the effects of atmospheric turbulence.
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