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ABSTRACY

The effect of target surface and shape, on the power
reflected from it, as a function of aspect angle e, has
been investigated at .48y, .63y, and 10.6u in a laboratory
environment. In particular, the experimental results as a
function of wavelength correlated very well with accepted
roughness scale approximations %o specular scatterina theory.
In addition, at .48u the reflected wave amplitude was
measured relative to a standard cross-section target, a
Lambertian Reflector, This enabled the determination of

actual Laser Radar Cross Section (LRCS) values for these

targets,

iii

sk g!\n’;g o

o
)




TN e s -

TABLE OF CONTENTS

CHAPTER

PAGE ;
1. INTRODUCTION .
‘ 11.  EXPERIMENTAL SETUP 2 '
111. EXPERIMENTAL PROCEDURE 6
IV.  ANALYTICAL RELATIONSHIPS 17
V. RESULTS 22
vi.  CONCLUSION 33 f
REFERENCES 36




LIST OF FIGURES

FIGURE TITLE PAGE

1 SCHEMATIC DIAGRAM OF REFLECTED POWER 4
MEASURING SYSTEM

2 PHOTOGRAPH OF REFLECTED POWER 5 ,
MEASURING SYSTEM

T 3 PHOTOGRAPH OF THE REFLECTED A#PLITUDE 11
FROM A FLAT GOLD MIRROR (LEFT) AND
THE AMPLITUDE FROM A 10 CM GOLD MIRROR

4 PHOTOGRAPH OF BACKGROUND REFERENCE 12
LEVELS FOR A FLAT MIRROR (LEFT) AND A
10 CM MIRROR (RIGHT)

5 PHOTOGRAPH OF THE REFLECTED AMPLITUDE 14
FROM A FLAT GOLD MIRROR (LEFT) AND
THE AMPLITUDF FROM A 20 CM GOLD MIRROR

H ‘
% 6 PHOTOGRAPH OF THE REFLECTED AMPLITUDE 15 i
E FROM A 20 CM GOLD MIRROR (LEFT) AND A ’]
10 CM GOLD MIRROR ) !
7 PHOTOGRAPH OF THE REFLECTED AMPLITUDE 16
FROM END ON INCIDENCE OF A CYLINDER
(LEFT) AND BROAD SIDE INCIDENCE

8 DIAGRAM FOR THE ANALYSIS OF THE 18
GEOMETRICAL OPTICS THEORY

9 REFLECTED POWER PATTERN OF TWO CYLINDERS 28
USING .48 MICRON RADIATION

10 REFLECTED POWER PATTERN OF TKO CYLINDERS 29
USING .63 MICRON RADIATION

11 REFLECTED POWER PATTERN OF TWO CYLINDERS 30 )
USING 10 MICRON RADIATION

!z T
i




= N—

TABLE
1
2

f

g
4

IR

LIST OF TABLES

TITLE

EXPERIMENTAL AND THEORETICAL VALUES
FOR EFPR USING BOTH 10 CM and 20 CM

RADII OF CURVATURE GOLD MIRRORS

EXPERIMENTAL ARD THEORETICAL RATIOS
OF THE REFLECTED POWER FROM A FLAT

AND TWO CONVEX GOLD MIRRORS

EXPERIMENTAL AND THEORETICAL VALUES
OF THE END-ON VS BROADSIDE RATIO OF
THE REFLECTED POWER FROM A CYLINDER

LRCS VALUES OBTAINED BY DIRECT

CALIBRATION FROM A STANDARD LAMBERTIAN

REFLECTOR uSING 0,48y

vii

RADIATION

PAGE

23

25

27

32

{
f
:

3
\ W T . .
it Sma—— ool




T T BT —

ATTNA T o 1 on

N

et
e,

IR RRRE

wo e
;g
ot

»

5 By

I. INTRODUCTION
An Optical Radar (OR) possessing a high precision angle
- tracking and discrimination capability, can be a unique

diagnostic sensor for interrogating and identifying airtraft
and space vehicles at long ranges, However, in order to
provide an OR with discrimination/identification capability,
information is required about a number of target character-
istics, sucn as the variation of Laser Radar Cross Section
(LRCS) with aspect angle 6, As an OR tracks a moving vehicle
through a range of aspect angles, the amplitude of the tracking
signal will vary in accordance with the change of target

cross section with aspect angle, If this amplitude variation
could be identified with 2 previously found correlation
between a known target's surface/shape and its measured varia-
tion of LRCS with angle, it could lead to a partial solution
of the target discrimination problem, Thus, if LRCS vs ©
information is provided by an OR, and is properiy combined
with other information characteristic of the target such as

T a target signature will result and

its doppler spectrum,

. can be utilized as a discriminant.
In order to investigaté the effect of a target's
surface and shape on the power reflected from it as a

function of 6, a laboratory measureme.c program was initiated.
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Various curved and flat shapes werge utilized with different

surface finishes., Also, the reflected power measurements

were made at different wavelengtns far comprehensive purposes

and to enable a comparison with analytical estimates indepen- -
dent of wavelength, This report presents some unique lab-
oratory measurements which are to be regarded as preliminary,
pending additional measurements uti]j;ing new equipments
whose need was uncovered'byffh?sfpresght_1nvestig§§jon.

These additional meqsureﬁeﬁ%g will Qé‘ma&ezét an outdoor
model range in close prbkimfty'fﬁ a:iOh‘OR. This will pro~

vide in-depth data on target characteristics of importance

to the radar while being in the same physical environment,

11, EXPERIMENTAL SETUP ‘ B §

it

This section discusses the experimental arrangements

that were utilized to investigate the power reflected from

various shaped and finished targets, as a function of aspect

angle, at a number of wavelengths,

The specific targets used were a fiat gold coated mirror,

two convex gold coated mirrors 3.81 cm in diameter with 10 cm
and 20 cm radii of curvature, and two cylinders 2 c¢cm by 2 cm,
one nickel plated and the sther silver foiled. In addition, the h

wavelengths used to illuminate these targets were .48y (Argon), -




.63u (Helie), and 10.6u (COp), A schematic¢ diagram of the

reflected pbwer;measuring system is shown in Figure 1 and a

photograph of the actual %etup apéearé in Figure 2. ‘Because
P various wavelengths wér; u;ilized; the individual setups
differed in the choice of laser and detector and their
separation. Howéver, Figure§ 1 and 2 are typical of the

‘experimental setups used.

- A Thompson Ramo Woolridge Model 71A Argoq laser, pro-;
_viHing 6 me of average power.atvﬁﬂ.ppﬁ. was used as the 'source
"~ of cqherent raqia%fon at .48y, The beam was collimated to
a diameter:of 5.4 cm utiiizing the mirror combination (see

Figure 1) My, Mp, M3 and had a uniform amplitude to within

e NP

+ 1 dbs The mirrq} system also served to direct the collimated
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beam to the appropriate target. The target is placed either

on a stdtionary mirror mount:or a Platform!capab1e Pf measur-
ing ésngct'angles to + 1/2 -degree. The aspéct angae,was_
défined_as'thé éng}e between the nprmai of .the target svurface -
and the bisector of tpe'angle {~3°) between transmit and
re;eive line of sight, The photodetgctor-uti]{zeg was an RCA
Model 7]62 photomu3fip!ien, wfth a sﬁectra} filter centered

" at .48u, biased at.-lioolvolts dc and wfth a 1.1 cm aperture, -

r ' L The output of the photodetector was displayed on & Tektronix '’

585 oscilloscope using a 1A7 pre-amplifier,
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DETECTOR {_ RECEIVER LINE OF SIGHT

3
rT TARGET
M
2 TRANSMITTER LINE OF SIGHT
M y < . LASER
k = BISECTOR OF TRANSMITTER AND RECEIVER LINE OF SIGHT
n o= NORMAL TO TARGET SURFACE

FIGURE 1
' SCHEMATIC DIAGRAM OF REFLECTED POWER MEASURING SYSTEM
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FIGURE 2
PHOTOGRAPH OF REFLECTED POWER MEASURING SYSTEM
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A Spectra-Physics Model 120 HeNe laser, providing 5 mw
cw power, was utilized as the coherent source for .63u. To
conveniently measure the reflected power and utilize the ac
response of the detector to discriminate against noise, the
.63u beam was chopped at a rate of 4 kHz. Also, the beam
was collimated to a diameter of 5 cm and was measured to be
uniform to within *+ 1 db over the 5 cm. The photodetector
was the RCA 7102, with a spectral filter centered at .63u,
biased at 1300Y dc and with a .95 cm aperture, A Tektronix
585 with the 1A7 was again utilized for measurements,

At 10u, a Sylvania model 948 COy laser, providing 5
watts cw, was used as the source. It also was chopped at
4 kHz in order to facilitate measuring the reflected signal
amplitude, The beam was collimated to be uniform to within
+ 1 db over 2,5 cm, The detector used, a Santa Barbara
Au:Ge photoéonductor. with an Irtran IV window and biased at
10V, had an effective aperture of .3 cm, The Tektronix 585
with the 1A7 was again utilized Tor data taking.

ITI. EXPERIMENTAL PROCEDURE

The experimental procedures followed in making the
reflected power measurements wili be discussed in this

section, In addition, the data extraction process will be
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presented, To a large extent what is said pertains to all
wavelengths used.

As was presented earlier, both flat and spherical gold
mirrors were utilized as targets. The choices were made

because of their known radii of curvature, high degree of

flatness, and approximately equal refleciive properties at
the three wavelengths. In additicn, the 10 and 20 cm radii
of curvature were chosen because of their resemblance to
typical size spheras and other sharply convexed targets.
The parameter which was measured in order to determine the
relative reflective properties of these gold mirrors was
simply the ratio of their respective reflected power, That
is, the ratio of the response of a flat to both a 10 cm and E

a 20 cm mirror and the response of a 20 and a 10 cm mirror

to each other were measured,

Another parameter dependent on the nature of a curved
surface's power reflective capability is its Equivalent Flat
Plate Radius (EFPR), EFPR is the radius of that circular
area of a spherical surface which when illuminated by a plane
wavefront is responsible for all of the reflected amplitude

measured along the direction of the incident wavefront.

The EFPR for both the 10 and 20 cm gold mirrars was measured

simply by placing an aperture closely in front of the target,

. e mrnn
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of such a dimension that it decreased the measured reflected
amplitude by 10%. The 10% was used to insure that the
aperture indeed was superimposed on the circular area of the
spherical surface responsible for the reflected amplitude.

In addition to the gold mirrors, two cylinders were
also utiiized as targets. This type of geometry was chosen
because cf its obvious resemblaace to certain target vehicles.
Each c¢ylinder had a different finish in order to determine
this effect on reflective characteristics. One cylinder was
fabricated by simply wrapping silver foil around a2 cylindrical
moid, This resulted in poor surface flatness and non-
parallelism of the ends. The other cylinder was nicte?
plated, polished aluminum and fabricated to machine tolerances.
In order to determine the effect of the target's cylindrical
shape, finish, and form on itsreflective properties, two
characteristics were measured. The first was simply the
ratio of reflected power for end-on and broadside incidences.
The second was the reflected power pattern of amplitude
varsus aspect angle 6 for a range of o including end-on and
broadside. The end-on and broadside returns were chosen
for measurement because they yieid data directly due to the

differances in the radii of curvature between the cylinder’'s
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flat and curved surfaces. In addition, the power pattern
measurement should reveal any surface finish effects through
departures from the expected specular peaked patterns.

To convert the refiected power characteristics of
varicus surfaces to a LRCS value, it is necessary to compare
it to the amplitude of the return from a standard target of
known cross section., At optical wavelengths, a target's
backscatter cross section is defined as that area of a
Lambertian re.tector which reflects as much power to the
detector as the unknown surface.?2 A flame sprayed alumjinum
target, 30 cm X 30 cm X .32 cm was used as a standard,3
It is the closest surface to a perfect Lambertian (cos o
reflected power distribution) reflector available at 10y,
However, the only experimental arrangement which allowed
detection of the reflected radiation from this standard
target was the .48y system, This was due to the inherently
diffuse character of the target which reflected radiation
to the detectors smaller than the minimum discernible signal
(mds) except for .d45u, Therefore, the only target reflected
power data which car be converted directly to cross section
values is that at .48u. The experimental data showed that
substantial correlation does exist at 211 three wavelengths

and is presented in Section V., Therefore, if it is assumed
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that LRCS is not wavelength dependent from ,48 - 10.6u, we
can determine a target's LRCS at .63 and 10,6y by measure-
ments at .48uy. Future experiments at the outdoor model
range wiil corroborate this assumption by direct measurement
of LRCS at ,63 and 10,.6u.

The procedure used to determine experimental parameters
such as the ratio of power returned from 20 cm versus 10 cm
mirrors and the end-on versus broadside return from a
cylinder will now be discussed., Essentially, the measure-
ments at all wavelengths were made with the same display and
recording equipment, a 585 Tektronix oscilloscope with a
1A7 pre-amplifier, The display was then recorded on film
using a scope mounted camera. The data extraction will be
for just .48y with experimental results for the other wave-
lengths presented in Section V., The two amplitudes measured
for various ratios were displayed on one oscilloscope
picture by exposing one-half of the photographic film at a
time. Since all the lasers used had some output variation
in time, a number of trial runs were made for each amplitude
comparison and averaged., An example of a trial run is dis-
played in Figure 3, This shows the reflected amplitude from
a2 flat geld mirror on the left and the amplitude from a 10 cm

gold mirror on the right, Figure 4 shows a trial run used

10
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LEFT: Smv/div vert, RIGHT: 10 uv/div vert, ‘
5ms/div hor. 5 ms/div hor. 31
F2:

FIGURE 3

PHOTOGRAPH OF THE REFLECTED AMPLITUDE FROM A FLAT GOLD
MIRROR (LEFT) AND THE AMPLITUDE FROM A 10 cm GOLD MIRROR

il

I
/

f

.
e
"
-

i




B

e -

DETECTOR BIAS LASER BACKGROUND
NOISE ,/\ REFERENCE

NOT REPRODUCIBLE

LEFT: 5mv/div vert, RIGHT: 10y4v/div vert,
5ms/div hor, b5ms/div her.

FIGURE 4

PHOTOGRAPH OF BACKGROUND REFERENCE LEVELS FOR A FLAT
MIRROR (LEFT) AND A 10cm MIRROR (RIGHT)
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as a background reference level (target is removed from
measurement setup ) against which the amplitudes from various
targets as in Figure } are comparad. In Figure 4 the
amplitude scale on the left is appropriate for flat surfaces
and that on the right for curved ones. The trace on the

right contains not only laser background reflections but also
detector noise due to the bias supply which is readily dis-
cernable at thase high gain pre-ampiifier settings. Comparing
the amplitude on the right in Figure 3 to its laser background
reference in Fiqure 4, yields approximately 1 division,
Further, comparing the amplitude on the left in Figure 3 to
its background in Figqure 4, yields approximately 2 divisions
of amplitude, Taking into account the vertical scales in

both traces (5mV/div on left, 10uV/div on the right), the
ratio of left to right or flat to 10 cm mirror is 870,
Succeeding photographs, Figures 5 and 6, show flat versus 20 cm
and 20 c¢m versus 10 cm, respectively. These result in ratios
of flat:20 cm and 20 cm:15cm of 230 and 3.9 respectively.
Figure 7 shows the end-on incidence reflected amplitude on

the left and broadside on the riyht for a cylinder, and
resulted in a ratio of 390, As mantioned earlier, these
traces are but a few among the many trials utilized to

obtain an average amplitude value over a period of time

large compared to iny laser fluctuation period.
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NOT REPRODUCIBLE

LEFT: 5mv/div vert, RIGHT: 20yv/div vert.
Sms/div hor, Sms/div hor.

B Yy (i

FIGURE 5

PHOTOGRAPH OF THE REFLECTED AMPLITUDE FROM A FLAT GOLD
MIRROR (LEFT) AND THE AMPLITUDE FROM A 20cm GOLD MIRROR
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NOT REPROPUCIBLE

LEFT: 20yv/diy vert, RIGHT: 10uv/div vert, -
Sms/div hor, 5ms/div hor. t )

‘ ’ ‘ FIGURE 6. '

PHOTOGRAPH OF THE REFLECTED AMPLITUBE FROM:A 20cm
GOLD 'MIRROR (LEFT) AND A 10cm GOLD MIRROR
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LEFT: 5mv/div vert., RIGHT: 10uv/div vert,
5ms/div hor, 5ms/div hor.

FIGURE 7

PHOTOGRAPH OF THE REFLECTED AMPLITUDE FROM END ON
INCIDENCE OF A CYLINDER (LEFT) AND BROAD SIDE
INCIDENCE
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IV, ANALYTICAL RELATIONSHIPS

Analytical expressions, to predict and verify experi-
mental results, were empirically derived, The development
of these expressions are discussed in this Section, Since
we are only pursuing analytical estimates of various para-

meters, a rigorous thecretical treatise of LRCS phenomena

would be beyond the scope of this report.

The first parameter to be measured was the ratio of
reflected power from gold surfaces having various radii of
curvature., The reflected power measured is directly pro-
portional to the product of the power density incident on
the gold surface and the area on the surface which reradiates

power to the detector. Therefore, since the same uniform

wavefront was used to illuminate all gold surfaces at a
particular wavelength, the problem is reduced to the follow-
ing. The ratio of reflected power from surfaces having two
different radii of curvature is completely determined by

computing the area on each gold mirror responsible for the

radiation impinging on the detector. This area can be

called an effective area (Ag). Figure 8 is a scattering
diagram depicting the analytical terms and the important
constraint that Y + y = Rg. This says the maximum value

the radius of the reflected beam can have and stiil be
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le— 5 \¢—=2— SPHERICAL
Ry SURFACE

-
0 = CENTER OF RADIUS OF CURVATURE g;
L = DIRECTION OF LASER LIGHT P
n = NORMAL TO SPHERICAL SURFACE
R = RADIUS OF CURVATURE OF SPHERICAL SURFACE i
Ry= RANGE FROM TARGET TO DETECTOR
Rp= RADIUS OF DETECTOR APERTURE
y = MAXIMUM RADIUS OF INCIDENT BEAM WHICH IS REFLECTED

TO THE OUTER EDGE OF Rp.
Y+y= RADIUS OF REFLECTED BEAM AT DETECTOR

FIGUKE 8
DIAGRAM FOR THE ANALYSIS OF THE GEOMETRICAL OPTICS THEORY
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detected by the receiving area of the detector is simply
the radius of the detector aperture. From this we can work
backwards to the spherical surface to determine Ae' Two
assumptions are used in this derivation. The first is planar
wavefront incidence on the target, and the second is that the i
theory of geometrical optics holds for the highly reflective
metallic surface.

Since Y + y is the radius of the reflected beam at

the detector, ve need to know its value in terms of the

experimental parameters R, Rp, and Ry which describe the

reflective surface, the detectior medium, and the separation

between the two, respectively. Therefore, let sin¢ = ﬁz%;; H

for small ¢, sin ¢ ~ ) ~ %.

Also, tan 2¢ = ﬁ%‘ and

again for small ¢

tan 2¢ % 2 ¥ Y _ .,

Ry
Therefore, 2 % = K%_
or Y = 2 %l Y.

However, Y = RD~y.

R
Therefore, we have y + 2y ﬁl = Rp

19
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or y = RDR . (])

Equation {1) is the key expression, which is common ts all
further analytical estimates of reflected power ratios and
EFPR., Again, it represents that dimension of a spherical
surface of radius of curvature R responsible for the power
impinging on a detector, at a distance Ry away, with an ;
aperture of radius RD. It may be compared to another
expression which describes that portion of a sphere which
is responsible for refiected power in the direction of

incident radiation., According to Barton,? a circular disc

of radius aj = %; is that area of a sphere of radius a
] which is responsible for back scattered electromagnetic energy
of wavelength A in the direction of an incident plane wave-
front, This expression does have a wavelangth dependence
and it will be interesting to compare its predictions for
EFPR with those of Equation (1). 1o use Equation (1) and
the effective area concept in determining the ratio of
retlected power for curved surfaces of ditferent radii, we
proceed as follows. The power received at the detector is
the product of the power density incident on the gold surface

p;j and the surface's effective area A,. A, for a spherical

LA 4

20
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surface is just w=y% or n ( )<,
R+ 2Ry

RpR
Therefore, the product (p;) (Ag) = = (.R_T_.g_.k.]_)2 p; e
For surfaces of different radii i and j, illuminated by the

same plane wavefront, the reflected power ratio Rp as

measured by a common detector_is simply:

Rp = Aei/Aej = r;z [.hl—?-k—l} . (2)

1

For example, to find the ratio of a flat to 10 cm mirror,

let Ry = =, Ry = 10 cm, and Ry>>2Ry,

~ ZR]_l 2 >
Therefore, R, becomes Ry = |1 + T . (2a)

Similarly for a flat to 20 cm mirror Rp becomes R, =

2R, 2
5 . (2b)

1 +

Lastly, for 20 to 10 cm mirrors Rp becomes Rp =

i B (2¢)
Yol

Equation (1) can also be used to determine the Ag of

a cylinder at broadside when illuminated by a plane wave.
The shape of A is an ellipse when the cylinder is viewed

broadside as in Figure 8, with y as one semi-axis. In the

21
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direction normal to y and the plane of Figure 8, the
cylindrical surface is flat and, therefore, the maximum
dimension which can be projected onto the detector is 2Rp.
Thus, RD becomes the semi-axis perpendicular to y in a
direction rormal to the plane of Figure 8., Therefore, the
broadside effective area Ap is simply nyRp. At end on
incidence, Ag is just the flat area projected onto the
detector or nRDZ. Therefore, the ratio of end-on A to
broadside for a cylindrical shape results in a reflected

power ratio Rp given by:

_"RpZ - Ry o Ry = 1+ 2
TRp ¥ RpR R
R + 2R

V. RESULTS

This section prezsents the data resulting from the experi-

mental and analytical efforts discussed in previous sections,

Table 1 presents the results of the experimental

measurements of the EFPR of 10 and 20 cm radii gold mirrors.

Also included are analytical estimates based on Equation (1)

and Barton's expression for waveiength dependent EFPR, It

is obvious from Table 1 that the geometrical optics expression

agrees more readily with experimental data at the shorter

wavelengths (.48u and .63u) while the wavelength dependent
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expression of Barton finds more agreement with the long
wavelength (10.6u) measurements, In addition, at a given
wavelength, experimental measurements and both analytical
expressions agree that the EFPR increases with increasing
radii of curavature as it obviously should., Aiso, the
experimental data and Barton's expression have E"PR increas-
ing for a given mirror as the wavelength increases, in
agreement with the concept that a given surface, in general,
appears flatter at longer wavelengths. That is, a surface's
roughness scale, which is the ratio of surface height
fluctuation to wavelength (2/1), decreases for increasing
wavelength,

Table 2 shows the results of ti:c measurements of the
ratio of reflected power from flat and spherical gold
mirrors at .48y, .63y, and 10.6u., The experimental numbers
were arrived at by the method outlined in Section III,
while the analytically determined ratio was calculated using
Equation (2). The data shows substantial agreement between
experimental and analytical values. In addition, within
each wavelength, the 20 vs 10 cm experimental value obtazined
by direct measurement is substantially the same value which
can be inferred when these mirrors are compared to a third.
Further, the variation in the ratic of a given mirror con-

figuration, as a function of wavelength, can be accounted
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fr- y the use of different ranges for these wavelengths
rather than any wavelength dependent phenomena.

In Table 3, an analytical estimate of reflected power,
based on an assumption of specular scattering at end-on and
broadside incidence, is compared to experimental data on a
nickel plated 2 c¢m by 2 cm machined cylinder. While this
same measurement was performed on a silver foiled, poorly
formed cylinder for comparison, a reflected power pattern
was measured for both cylinders with the aspect angle varied
from end-on (0°) to broadside (90°). This pattern is plotted
in Figures 9, 10, and 11 for .48, .63, and 10.6u wavelengths,
respectively., As is evident from these figures, the nickel
plated cylinder pattern is always characterized by two spiked
maxima. These so-called "speculars," have been shaded in to
emphasize their being smalier than the angular width of the
silver cylinder's maxima. Exactly how much smaller is not
known because the aspect angle could only be measured to
+ .5 degrees. However, the angle measurement was sufficient
to indicate the width of the silver cylinder's maxima, and
this is what distinguished the behavior of the two cylinders
at all three wavelengths. Again, the major feature in each
of these plots is the existence of a lobe width, about the
end-on {0°) and broadside (90°) points for the poorly formed

cylinder, greater than that of the nickel plated one,
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Waveliength : Experimental Theoretical
i i Ratio Ratio
Microns {DB) (03)
48 . ' 24,06 124,77
63 ° ' " 20.68 28,77
10.6 . ) . 25.02 24.77
{
.TABLE 3

EXPERIMENTAL AND THEORETICAL VALUES OF THE END-ON '

VS BROADSIDE RATIO OF THE REFLECTED POWER FROM A CYLINDER
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In addition, the lobe widths appear to decrease as the
illuminating wavelength increases, If the lohe width is
indeed due to a roughness effect (2/r), it also would follow
that as the illuminating wavelength becomes lonaer, this b
effect would decrease as shown in the experimental plots.

As stated in Section III, to convert the reflective
characteristics of the various surfaces to LRCS values, it
iz necessary to calibrate the amplitude of the return against
the return from a standard target of known cross section.
A portion of the standard Lambertian target, equal in area
to the incident beam {5.4 cm diameter) used in the reflective
power measurements at ,48:, was illuminated in place of the
metallic surfaces. The measured reflected amplitude was 6uv.

This then calibrated the .48u experimental set-up with a

value of 6uv corresponding to & target cross section of 23
cmz. the area of the illuminated standard target. Therefore,
the cross section of any target in the .48u set-up can now

be determined by simply measuring its reflected amplitude and

multiplying it by _Eé_%ﬂg_. This was done for various
surfaces at .48y and ihe results are shown in Table 4. UWhen
the target was illuminated by the other wavelengths (.63
and 10u) no signal was detected at the receivers due to

the minimum discernible signal of the detection system being
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Target Reflected LRCS
Amplitude (cm)2 .
Flat Au Mirror 10 mv 1.7 X 108

10 e¢m radius of
curvature 12 Vv 46
Au Mirror

20 cm radius of
curvature 47 uV 180
Au Mirror

[Ni Cylinder

viewed from 10 my 1.7 X 103
rend on
i Cylinder
jawed from 30 uV 115
roadside

TABLE 4

LRCS VALUES OBTAINED BY DIRECT CALIBRATION FROM '
A STANDARD LAMBERTIAN REFLECTOR USING 0.48u RADIATION

%
at A ae o
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greater than the small amount of scattered radiation from
the Lambertian Scatterer, Therefore, cross-section values
for the various surfaces at .63 and 10.6u cannot be deter-
mined as yet by direct calibration from the standard
Lambertian target. In future experiments at the Coherent
Optical Radar Laboratory (CORAL) outdoor model range, LRCS
wavelength dependence will be investigated by direct
calibration of targets at .63 and 10u by using the standard
target and higher power sources to increase S/N at the
receiver, In addition, an antenna pedestal positioner/
recorder will be used for reflected power pattern measure-

ments to improve angle resolution and read out.

VI. CONCLUSION

The effect of target surface and shape on the power
reflected from it, as a function of aspect angle & has been
investigated at .48y, .63u, and 10.6u, in a labaratory
environment. In particular, at .48y the rveflected wave
amplitude was measured relative to a standard cross-section
target, a Lambertian Reflector., This enabled the deter-

mination of actual LRCS values for these targets at this

wavelength. Based on a close examination of the experimental
data resulting from three different wavelengths illuminating

a common set of targets, any wavelength dependence correlated
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very well with accepted simple roughness scale apprcximations
to specular scattering theory, These approximations become
important if it is necessary to extrapolate LRCS values from
one wavelength to another. Further, to eliminate the
necessity of extrapolating LRCS values from one wavelength
to another, experiments are being implemented at the CORAL
model range to calibrate simple and complex targets as a
function of wavelength., Any subsequent thecretical attempt
to predict and explain the LRCS of complex targets will
require a more vigorous approach to explaining wavelength
dependence than the above simple roughness scale approxima-
tions,

The measurement of the ratios of the reflected power
from flat, 10 cm, and 20 cm radii gold mirrors resulted in
quantitative information on the relative divergence of these
surfaces, For example, a 10 cm radius mirror was from 28.4 -
30.4 db more divergent than a flat, while a 20 cm mirror was
from 22.7 - 25.2 db more divergent than the same flat.

The importance of target finish and quality upon an
optical radar’s return was demonstrated vididly by the
comparison of the reflected power patterns of Ni and Ag
cylinders at the three wavelenaths., A& definite distinction

between the two cylinders in quality of fabrication became
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all the more evident when certain features of the power
patterns were definitely attributable to the roughness of
the cylinder's appearance., In addition, the variation in
amplitude (~25 d4b) which can be expected from a cylindrical
shape as a function of 0 was also evident from these plots,

The EFPR measurements of 10 c¢m and 20 cm radii Au
surfaces showed that the effective reflective area is quite
small (=50 db) compared to a fully illuminated spherical
surface in a detection system measuring reflected pewer from
that spherical surface.

This report concludes the laboratorvy LRCS measurements,
However, it has furnished the background and experimental
approach for‘an outdoor model measurements program at RADC's
104 CORAL. This program will provide data on targets in the
physical, illumination, and detection environment of the

radar,
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