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GA/EE/62-4
high angular resolution.

For the system under consideration the general scheme of
operation is to transmit a burst of light energy and observe the
time delay incurred by the signal in traversing the distance ffom
the transmitter to the target and back. Contrary to the case of a
conventional microwave radar, the energy output of the LASER used
in the system is not concentrated in a single pulse but rather the
output consists of a long train of randomly spaced pulses of random
amplitude. Figure 1 shows the appearance of the power waveform

using two different oscilloscope sweep speeds. Figure la shows the
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entire burst of energy. The output begins on the right hand side
of the scale and continues for something over 500 microseconds.
Figure 1b is an expanded portion of the output burst. The discrete
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GA/EE/62-4
Appendix A

Derivation o_f Formula for Performance

Without Attenuation or Interference

Figure 30 shows the geometry of the derivation. The
transmitter beamwidth is y and the receiving field of view is w.
If the transmitted power is P; and the reflectance of the target
is p, then assuming that the target intercepts the entire trans-

mitted beam, the to’al reflected power is

P; p (14)

7E
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CGeo.:cb@y of the Derivascion of the r'or.:ula ior
reriroriiance ~ithout sttenuation or interierance

This total power is also the integral over the 27 steradians in front
of the target of the radiant intensity (power per steradian) of the
reflection. If the target is a diffuse reflector behaving according
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Appendix B

Derivation of Formula for Sunlight

Reflected from the Target

Figure 31 shows the geometry of the derivation. Let the

spectral irradiance of the sun at the target be Hg watts per unit

Fe:

PECE IV ER
A LPERT URLE
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) Fig. 31
Ceoietry of the Derivation ol the For:mlc for Sunlipht

Acllected ~rou the Target

area per X. Since the target is inclined with respect to the direction
of the sun, the spectral irradiation (power per unit area per .2 fal-
ling on the target) of the target is Hg cos 6. If the target has a
reflectance p and an area A, the total reflected power per X is:

Hg A pcOs ¢ (20)
This total power may also be expressed as the integral over a
hemisphere of the radiant intensity of the reflected energy. 1f the
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Appendix C

Derivation of Formula for Sunlight

Scattered into Receiver by Atmosphere

SUNLIGHT7

e 0 s
l
i

N_ Pecsmw e

V)RR L
ige o2
eoietry orf the Derivation of the sor:wmla for Sunlignt
Scattered Into thie secelver L the it..ocphere

The elemental volume shown in Figure 32 has a volume

m (wr)2 dr (30)

Let Hg be the spectral irradiance of the sun and B' the volume
scattering coefficient. The volume scattering coefficient is the
power per steradian scattered in a given direction per unit volume
of the atmosphere per unit incident power per unit area, Assume

that the scattering of sunlight by the atmosphere is isotropic. Then
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Appendix D

Derivation of Formula for Backscattering

of Laser Power into Receiver by Atmosphere

(Based on Reference 3)
Assume: (1) absorption by the atmosphere is negligible
(2) atmosphere is uniform

(3) intensity of LASER beam is constant over its crossection

1
LAASER
{ TRANEM 7TER . -1
/ //
= . e —
IA ’r
Fige &5
Ueo:ietry of the Lerivation of tie Jorimla ior
sackscattering of LASHR Power into the recelver

If P; is the transmitted power, then the power incident on the
infinitesimal volume shown in Figure 33 is

P(r) = Py e ~be

(35)

where b = constant of attenuation due to atmospheric scattering -
(total scattered power per unit incident power per unit
length of the beam).
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