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INTRODUCTION

(See Reference 1) In recent years, an increasing number of pilots have been exposed to laser radiation
while piloting aircraft. These exposures have typically resulted in glare or flashblindness, creating an
unsafe condition, especially during takeoffs and landings. In Las Vegas, Nevada there have been over
fifty reported incidents of pilot laser illumination. Because McCarran Airport borders the Las Vegas strip,
the Food and Drug Administration (FDA) imposed a moratorium on outdoor laser light shows in Las
Vegas to prevent further incidents. Prior to further operation, the Federal Aviation Administration (FAA),
FDA, McCarran Airport, and the Las Vegas Police Department required that the light shows
demonstrate proof of operation without the possibility of eye or flight hazards from laser exposures near
the airport.
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1. SCOPE:
This document sets forth several acceptable methods of laser beam divergence measurement
technigues.

1.1  Purpose:

The FAA has published FAA order 7400.2D as interim guidance on laser exposure levels near
airports. The exposures in Las Vegas and the resulting moratorium on outdoor laser light shows led
to a request from the International Laser Display Association for several measurement teams to go
to Las Vegas to perform divergence measurements on a number of light show lasers. The purpose
of these measurements was to find the most practical methods to determine beam divergence for
laser safety calculations for a typical laser light show installation.

A comparison of divergence measurement techniques for laser light shows was conducted in Las
Vegas, Nevada in March of 1996 (see Reference 1). Techniques compared included the long focal
length lens and small aperture method, the two-point aperture method, the knife-edge measurement
method, and use of a beam profiler. All methods were found to be accurate for most cases of field
laser beam divergence measurements, although each was found to have certain limitations,
depending upon the application. The two-point aperture method was considered by most
participants to be the simplest, quickest, and most practical technique for laser safety measurement
of laser light show beam divergence.

1.2 Background:

The word “laser” is an acronym for light amplification by stimulated emission of radiation. Lasers are
finding ever-increasing applications including: communications, laser radars (LIDAR), landing
systems, laser pointers, scanners, metal working, holography, medicine, and military applications
such as target designation and range-finding.

1.2.1 Laser Theory and Operation: Electromagnetic radiation is emitted whenever a charged particle
gives up energy. This happens every time an electron drops from a higher energy state to a lower
energy state in an atom or ion as occurs in a fluorescent light. This also happens from changes in
the vibrational or rotational state of molecules.

The color of light is determined by its frequency or wavelength. The shorter wavelengths are the
ultraviolet and the longer wavelengths are the infrared. The smallest particle of light energy is
described by quantum mechanics as a photon. The energy of a photon is inversely proportional to
its wavelength.

The difference in energy levels across which an excited electron drops determines the wavelength
of the emitted light.
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1.2.1 (Continued):

The color or wavelength of light being emitted depends on the type of lasing material being used.
For example, if a Neodymium: Yttrium Aluminum Garnet (Nd:YAG) crystal is used as the lasing
material, light with a wavelength of 1064 nm will be emitted. Certain materials and gases are
capable of emitting more than one wavelength. The wavelength of the light emitted in this case is
dependent on the optical configuration of the laser.

1.2.2 Irradiance/Radiant Exposure: A Continuous Wave (CW) laser will normally have the light energy
expressed in watts, and a pulsed laser will have its output expressed in joules or average power.
Since energy cannot be created or destroyed, the amount of energy available in a vacuum at the
output of the laser will be the same amount of energy contained within the beam at some point
downrange. Figure 1 illustrates a typical laser beam. The amount of energy available within the
sampling area will be considerably less than the amount of energy available within the beam. With
pulsed lasers, this is called radiant exposure and with CW lasers, it is called irradiance. For
example, a 0.1-W laser output might have 0.04-W measured within 1-cm? sample area. The
irradiance in this example is 0.04 Wicm?.

SAMPLING AREA

FIGURE 1 - lllustration of Irradiance

1.2.3 Beam Divergence: Light from a conventional light source diverges or spreads rapidly as illustrated
in Figure 2. The power or energy per unit area may be large at the source, but it decreases rapidly
as an observer moves away from the source. In contrast, the output of the laser shown in Figure 3
has a very small divergence and the beam irradiance at the observer is almost the same as the
intensity at the source within relatively short distances. Thus, lasers are able to maintain a higher
irradiance or radiant exposure than much more powerful conventional light sources.
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