
On the other hand, the thermal effect is a primaxy mechanism for laser-induced mJ ury.
The extent of the injuries induced depends upon the wavelength and energy ofthe
incident mdiation, duration of exposure, and the natule ofthe exposed tissue and its
absorption characteristics. Generally, this mechanism predominites in the visible and the
near-infrared (.760 to 1.4 microns) portions ofthe electromagnetic spectrum and for
almost all CW and pulsed exposures between 0.1 milliseconds and I to 5 seconds.

The third injury mechanism associated with exposure to laser radiation is the mechanical
or acoustical-mechanical effect. The radiant energy is absorbed into the tissue and, as a
result ofrapid thermal expansion following a short (l nanosecond to 0.1 millisecond)
laser radiation pulse, a pressure wave is generated that may result in explosive tissue
injury.

Generally, all three mechanisms operate concunently in an iradiated animal. Thermar
effects currently predominate for continuous wave (CW) lasers, while mechanical effects
are ofincreased sigrificance for pulsed-mode lasers. With even higher power, one must
also consider nonlinear phenomena such as multiphoton absorption and electromagnetic
field effects.

The organs most susceptible to extemal laser radiation are the skin and eyes. The severity
ofinjury is affected by the nature of the target, the energy density delivered to the mrger,
the fiequency and power ofthe laser, atmospheric attenuation ofthe beam, and the use of
filtering or ampliflng optics by the target, etc.

The primary effect on the skin is thermal darnage (bums). The severity varies ftom slight
er],'thema or reddening to severe blistering or charring, depending on such factors as total
energy deposition, skin pigmentation, and the tissue,s ability to dissipate heat.

The eye is particularly susceptible to intense pulse oflaser radiation because ofits unique
sensitivity to light. The focusing effect is similar to that ofa magnifying lens, which
focuses tbe energy on a particular spot. Since the comea and lens ofthe eye amplify the
intensity ofthe light incident upon the retina, the retina is extremely sensitive to visible
and near-inftared light, and damage to the retina may result in temporary or permanent
loss ofvisual acuity. Laser eye injuries vary according to incident power, spot size, beam
angle, temporal mode (CW or pulsed), and pulse repetition frequency. Reported effects
include comeal lesions, bums, cataracts, and retinal lesions.

Some high-power lasers can cause antipersonnel effects by the deposition of themal
energy. These lasers must operate at a wavelength that is readily absorbed by the skin or
the comea. These generally include the far- and mid-IR regioru (10 to 12 microns and 3
to 5 microns) as well as the ultraviolet region (<0.4 microns). However. ultraviolet
wavelengths generally do not propagate well in the atmosphere, so the primary threat
wavelengths to be considered are between 3 and l2 microns. Although relatively modest
amounts of far-IR laser power are required to produce superficial bums on the skin at
short ranges, and efforts to design rheostatically lethal laser weapons are on going.
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