one of the others. Two beams “pump” the medium from
exactly opposite planar directions (Figure 2). The third beam
(the probe) is the beam to be conjugated; it enters the medium
at the required angle, interacts with it and then pumps so that
its conjugate beam is produced. In DFWM, the power of the
pumps and the probe determines the power of the output
conjugate beam so that it is possible with the combination of
high-power pumps and low-power probe to achieve a “re-
flected” conjugate of greater power than the probe. So far,
conjugates have been produced with powers 100-fold greater
than their probes.

Applications

Optical phase conjugation can be used for any laser ap-
plication that requires long-distance transmission through
inhomogeneous media, e.g., lasercommunications with sub-
marines, or directed energy weapons. In an application de-
signed by the Fusion Energy Foundation (Figure 3), the at-
tack sequence against a ballistic missile in its boost phase is
initiated by a small laser aboard an orbiting mirror spacecraft:

1) The spacecraft directs its beam downward
through the atmosphere to the earth-bound conjugator
and amplifier.

2) On the ground, the arriving pulse passes through
a laser amplifier enroute to the conjugator. The pulse
is conjugated and amplified on its second pass to mis-
sile-kill intensities.

3) The pulse travels upwards to deflect off the
orbiting mirror at the appropriate angle to intercept
the target.

There are other characteristics of optical phase conju-
gation useful for directed-energy weapons and other sys-
tems. For example, since the output conjugate beam follows
the probe beam exactly, the conjugate beam can remain
locked on target (e.g., an orbiting mirror) without the use
of complicated pointing and tracking mechanisms.

Finally, we note that optical phase conjugation is based
on the existence of a harmonic relationship between energy
transitions in different materials and the spectrum of wave-
lengths of electromagnetic radiation. Fisher (see reference
2) presents a table of over 300 materials appropriate as
conjugators across a spectrum of wavelengths from 10.67
to 0.25 microns. Materials vary from water to crystals to
gaseous mercury.
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