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FOREWORD

%his Final Report was prepered by Dr. H.A. Ecker and Mr. R.A. Mcore
of Georgia Institute of Technology, Engineering Experiment Station,
Atlants, Georgia, under Contract AF 30(602)-4269, with the Rome Air Devel-
opment Center, Air Force Systems Commend, Griffiss Air Force Base, New
York. Researcn described in this report was performed during the period
July 1967 to April 1968. The contract was initiated under Project 4506,

Task 450604, with Mr. Martin Jaeger (EMATA), Rome Air Development Center
8s the Project Engineer.

The results of this program were made possible because of the
combined efforts of several persons at Georgia Tech and Rome Air Devel-
opment Center. Special thanks go to Or. R.C. Johnson of Georgia Tech
for his suggestions and interect in the program. Special thanks also

go to Mr. Jaeger of RADC for his interest in the development of the
Compact PR-nges.

This Technical Report has been reviewed and is approved.

Approved: a
MARTIN JAEQER
Project Engineer
Antenna & Coherent Cptical Section

ing Chief
urveillance § Control Division

FOR THE COMMANDER)

IRVING " GABELMAN
Chief, Advancad Studies Group
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ABSTRACT

The purvose of the work described in this revort was to investigste
the possibility of epplying the concepts employed in the compact antenna
ranges to the operation of compact reflectivity ranges. This work was
conducted at X-band frequencies (8.2 to 12.0 GHz). A continuous wave
(CW) breadboard rader was fabricated using common lsboratory components
and ejquipment. This CW breadboard rader comprises the transmitter end
receiver equipnents usad with the compact range reflectors.

Selected test targets, whose theoreticel backscetter vattarns were
calculable, were used in thz investigation. The backscatter patterns
of these test targets as a function of azimuth angle were measured using
the point-source and line-source CW reflectivity ranges. Comparisons
were made of the measured backscatter patterns and the calculated theo-
retical backscatter petterns., The test targets varied in physical area
from a L square-inch flat plate to a 100 square-inch flat plate. A
2.5 inch diameter conducting sphere was used as the celibration target.

A study of target support structures for use on reflect1v1ty ranges
led to the fabrication of a cellular plastic (Styrofoem FR ) right
conical column with a serrated surfaze. The serrated surface was de-
signed to produce diffuse rather than specular scattering from the
support structurz.

The sensitivity level of the devsloped compact CW reflectivity
ranges is limited by vibration to -50 dBsm for the line-source range
and -40 dBsm for the point-source range. This sensitivity or null
level limits the measurement of redar cross section to values greater
than -40 dBsm and -30 dBsm, on the compact line-source and the compact
point-source reflectivity ranges, respectively. The collimeted beam
illuminetion chsracteristics of the compact ranges limift the measure-
ment of radar crss section to vargets approxiuately 36 inches in
diameter or smalizr. Meassured backscatter patierns obtained on both
compact reflectisity ranges compare very favorably to those calculated.

LA registered trade name of the Dow Chemical Company
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EVALUATION

1. This continuation effort consisted of a study and investigation to
improve the measurement accuracies cf existing X-band breadboard model
compact antenrna ranges and to extend the operating frequencies to the

C and S-band regions. The effort also included an investigation of the
application of compact range techniques to radar reflectivity measurements.

2. The compact range technique utilizes incident plane waves prcduced

by a reflector and special feed system in the near field of the test
antenna to obtain far-zone measurement results. The two configurations
investigated consist of a point source range snd a line source range.

A parabclic reflector with a horn feed is used in the point source range
and a parabolic cylinder reflector with a hog horn feed is used in the
line source range. Under prior contract AF30(602)3594, it was demonstrated
that X-band antenna pattern and gain measurements could be conducted on
each of these ranges in a 4 ft. square indoor test area, and the results
compared favorably with those obtained from measurements made on a
conventional 70C ft. test range. This work was discussed in RADC-TR-66-15,
Final Report, entitled, "Compact Antenna Range Techniques', dated Apr 66.

3. In the continuation effort, both ranges were modified by providing
range reflectors having a more accurate surface contour and by shielding
the point source reflector edge and its feed witk absorbing material. In
addition, C and S-band feeds were designed and fabricated for the point
source range. The measured stray radiation levéls (relative to collimated
energy) on the modified ranges at X-band are about -44 to -59 db for the
point source range and -40 to -58 db for the iine source range. Compared
to previousiy constructed compact ranges, stray radiation on the modified
poin: source range was reduced approximately 10 db, and stray radiation on
the iine source range was reduced about 2 db. The above improvements
increased the accuracy of antenna pattern measurements. The side lobe
measurement accuracy at the -30 db level is + 1 db, C and S-band antenna
patterns measured on the point source range compared well with those
measured on the conventional 700 ft. range. Work on the modified compact

antenna ranges is reported in RADC-TR-67-12, dated Mar 67 and RADC-TR-67-
473, dated Oct 67.

4. This report describes the results of investigations which applied
existing compact antenna range techniques to radar reflectivity ranges at
X-band. Both the point source and the line source compact antenna ranges
were converted to reflectivity ranges. This was accomplished by using the
same range illuminators with breadboard C¥ radar equipment, existing
receiving and recording equipment and a styrofoam target support structure

xi
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mounted on the existing azimuth-over-elevation positioner. Range
investigations at frequencies from 8.2 to 12 GHz included stray radiation
measurements; the effect of target position xelative to the range illumin-
ator; range sensitivity; and comparisons between measured and theoretical
radar cross-section of standard targets such as spheres, flat plates and
corner reflectors. Results of the sbove effort demonstrated that the
X-band CN compact reflectivity ranges can measure with an accuracy of

+ 1 db the backscatter patterns of radar targets as a function of aspect
angle. The sensitivity level of the point source and line source
reflectivity ranges is -40 db sm and -50 db sm, respectively. The largest
physical dimension of targets that can be measured is approximately 3 ft.
Larger targets would have to bz scaled in size.

5. Requirements of specifications have been met and the program has been
brought to a successful conclusion. The design information provided as a
result of study efforts accomplished on both the compact antenna ranges and
compact radar reflectivity ranges have been useful to Go.ernment RGD
agencies in conducting laboratory experiments. This is evidenced by the
number of inquiries made for past and future reports. Advantages of the
compact range techniques include reduced range requirements, reduction in

operating personnel, lower RF transmitter power and freedom from adverse
weather conditions.

Minten

{
MARTIN JAEGER
Project Engineer
RADC, GAFB, NY
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SECTION I

INTRODUCTION

One of the primary recuirements for a valid measurement of an
antenna far-field pattern or the radsr reflectivity of a target is that
the test antenna or radar target be illuminated by & uniform plane wave.
In outdoor ranges this condition is approximated by separating the trans-
mitter end receiver sufficiently such that a spherical wave approximates
a uniform plane wave in the neighborhood of the test antenna or target.
An elternate method that requires much less space is to use a collimating
device such as a lens or reflector to produce a uaiform plane wave.

Georgia Tech has demonstrated that a reflector and special feed
system can be used to produce incident plane waves for the measurement
of far-zone antenna petterns in the near field of the test antenna.l’2
These compact antenna ranges have produced results which compare favor-
ably with better than average outdoor antenns ranges. Two compact range
configurations were studied: a point-source range and a line-source
range. A paraboloidal reflector with a horn feed is used in the point-
source range wherees a parabolic cylinder reflector with a hog-horn
feed is used in the line-source range.

The previous success at Georgia Tech with compact antenna ranges

led to speculation on the applicability of these techniques to radar

reflectivity ranges. The research program described in this report




is an investigation of applying compact range techniques to radar re-
flectivity ranges at X-band A CW X-band rada> was built, snd both
the point-source and line-source compact antenns ranges were converted
to reflectivity ranges.

In addition to stray radiation measurements described in previous
Georgia Tech reports,l’2 the primary evaluation of the reflectivity
ranges consisted of comparisons between measured and theoretical radar
cross-section patterns of standard targets, such as spheres, flat plates,
dihedral corners, end trihedral corners. The effect of the position of
the target relative to the reflector, the sensitivity of the ranges,
and the dynamic range over which valid measurements could be made were
all investigated. Descriptions of the operation of the two compact
reflectivity ranges, measurement procedures, and the results of refiec-
tivity measurements on test targets are included in this report. Also,
brief discussions on frequency sce..ng and the use of short-pulse radar

with the compact ranges are presented.
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SECTION II

DESCRIPTION OF ( OMPACT REFLECTIVITY RANGES

A. Radar Cross Section

When a radar target is il.luminated by a linearly polarized wave,

the radar cross section or echo area, 0, is defined as

2
(£
o = lim ’-;ITR2————2-X (1)
1
R—©® E |

where R is the distance between the radar target and the measurement

antenns, Ex1 is the incident electric field at the target, and Exs is
the x component of the scattered field at the antenna. It follows from
this definition that the incident wave must behave as a uniform plane
wave in the neighborhood of the target; that i1s, the emplitude and phase
of the incidert field must be essentially uniform over the physical area
of the target. The basic feature of the Georgia Tech compact ranges is

the generation of the required uniform plane wave with large collimating

reflectors thus eliminating the -1eed for long ranges.

B. Reflectors

The reflector systems for the point-source and the line-scurce com-
pact reflectivity ranges are located in & basement room of the Electronics

Reseerch Building at Georgia Tech. No special provisions were incorporated
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into the construction of the room to reduce refleations or interference.

A plan view of the locations of the various components of the reflectivity
renges is shown in Figure 1. The reflectors for the two compact ranges
are positioned to permit the same X-bard CW radar system and target sup-
port structure and pedectal to be used with both refliector systems.

The characteristies of the two reflector systemc heve been described
previously.l’2 The point-source rsnge employs a ten-foot paraboloidal
disp with an F/D ratic of 0.25. The feed is oriented to produce the peak
of the feedhorn radiation pattern at the center of the top half of the
reflector as shown in Figure 2. This orientation was chosen to reduce
reflection and defraction from the feed and its supporis and to give
spproximately uriform illumination in the central portion of the upper
half of the reflector. The size of target that can be measured is re-
duced by tuls feed orientation; however, a more nearly uniform plane
wave is generated in the test area than would be possible with the feed
aimed toward the center of the dish.

A spzcially constructed hog~horn forms a tapered illumination line-
source to feed a parsbolic cylinder in the line-source range. The
collimating reflector is a section of a parabolic cylinder approximetely
9 feet wide and 6 feet high. The parabolic barrier in the hcg-horn feed
is estimated to conform to a true parsboiic contour within % 0.00% inch.
Mea 'urements indicate that the surface of the parabolic cylinder conforms

to a true parabolic cylinder within about £ 0.010 inch. Figure 3 shows
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4 TEST ANTENNA

RANGE REFLECTOR

Figure 2. Schematic drawing of the point-sourc: compact antenna
range showing the available fest region
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Photograph of the Compact Reflectivity Renges and the Styrofoam target

support structure
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& photograph of the two reflector systems with a dihedral corner mounted

on the Styrofcam support structure.

C. Stray Radiation

The locations of the point-source and line-source reflectors in the
compact reflectivity ranges were different from those used in previous
studies of compact antenna ranges. Measuvrements of stray radiation level
viere mad2 in these new locatiocits to insure that additional stray radia-
tion had not been introduced by the changes in reflector positions. The
maximum stray radiation level as a function of azimuth angle off the re-
flector axis was measured by the same procedure described previously in
Georgia Tech reports on compact antenna ranges.l’2 For these measurements
the ranges were set up as compact antenna ranges with a 30-inch paraboloidal
dish used as the test antenna, The measurement procedure can be summarized
as follows*

1. The test antenna was rotated in the azimuth direction to
receive power on a perticular side lobe,

2. The test antemna was then moved in the direction of propa-
gation of the uniform plane wave from the reflector; i.e.,
parallel to the axis of the reflector,.

3. The change in the apparent level of the side lobe due to the
change of relative phase between the collimated radiation
and the stray radiation with position of the test antenna

was recorded.




4., The peak-to-peak variation with position of the test antenna
of a particuiar side lobe was used to nalculate vhe magni-
tude of the maximum stray radiation.

5. The same procedure was repeeted for other side lobes, and
the stray radiation level wes generated as & function of

azimuth angle with respect to the reflector axis.

Figure 4 shows a photograph of the compact ranges with the 30-inch
test antenna mounted to make stray radiation measurements. The maxinum
stray radiation level was measured for both the point-source and the line-
source compact ranges. Figures 5 2ad 6 show the results of these measure-
ments for three frequencies in X-band. The stray radiation levels are
comparable to those measured with the reflectors in their previous

locations.

D. CW X-band Radar

For simplicity of construction and compatibility with pattern re-
cording equipment, a CW radar design was chosen for the compact reflectivity
rangns; a block diagram of the X-band CW radar is given in ¥igure 7. The
system was built with standard laboratory equipment, and the receiver and
pattern recorder are Scientific-Atlanta equipment normelly used in antenna
ranges.

In a CW reflectivity range oi any type, a very stable frequency

source is a prime requirement. A tunable synchronizer used to phase-lock
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Figure 5. Maximum stray radiation levels as a function of azimuth
angle of the 30 inch diameter test antenna as measured
on the point-source compact antenna range




STRAY RADIATION LEVEL RELATIVE TO COLLIMATED ENERGY

..0
o~-~--9.0 GHz
<10 - 06--10.0 GHz
0--12.0 GHz
‘.23C).-
30
~40 |- o
o
(R A °
6B 2 o b O O
-50f o o o -
00 o ° A A
o G
-680 | | | | 1
30 20 10 0 10 20 30
AZIMUTH DEGREES OFF REFLECTOR AXIS
Figure 6. Maximum stray radiation levels as a function of azimuth

angle of the 30 inch diameter test antenna as measured
on the line-source compact antenna range

12



IBPBI MO pueqQ-¥ ay3 Jo urexdeip yooTg - sam3t g -

[ HOLvOIaNI
x ¥OL9313a
Y3AI303Y TVLSAYD .
4304003y
FONVY 3aIm
NY3LIVd )
VLN V1V .
VANVLY OI41LNI10S
OIAILN3I0S
NIV " ¥3AQY003Y
NY¥ALIVd ¥O4 LNIW3NINDIY
NOILVINGOW 2H 000; B .
6754
478v9 67 TYNIIS ¥OLYT1T9S0 TY00T
S3MddNS ¥IAI3034 ITON %
433N
avon y3idvav o
AON2n0IYd I0IN9IAVM -
HIXIN 0.1 VIXv09 318V0 6/94
IVLSAND h
HaNnl HOIVNANI LY -
MIYDS-3aIS ¥37dNoo gp ¢ Y3ZIMONHONAS
NOHLSATH

QINBAH
331 OloVK— |
eI - HOLY 0S| I €1 | {x1ddns uamo
HOLVI0SI —-— p | NouLskw |

NOISIOHYS —-——

NV4 9NIT00D o
SA334 30HN0S LNIOd /3NIT oL




Y e e D T T R P o

an X13 reflex kiystron is the stabilized freguency source for the com-
pact reflectivity ranges. The fretuency of the klystron is tunable from
8.2 GHz to 12.4 GHz, and short-term stability of one part in lO8 per
second is made possible with the synchronizer. A nominal 15 mw of out-
put power is availsble from this source,

Az shown in the block disgrem in Figure 7, & small portion of the
transmitted signal is coupled into a channel for frequency measurement
end for input into the klystron synchronizer. The semple of the trans-
mitted signel is compared with the frequency reference in the syncnronizer.
An error signal is generated which continually controls the repeller
voltage on the reflex klystron to meintain frequency stability.

A magic-tee hybrid junction is used as a duplexer for the CW radar.
After passing through an isoletor, the input signal from the transmitter
is divided equally to provide a transmitting signal to the antenna sys-
tem and a signal as input to g slide-screw tuner. A return signal from
the antenna or from the arm containing the slide-screw tuner is equally
divided to provide output signals in the trans.itter arm and the re-
ceiver arm of the magic-tee. The isolators in these two arms of the tee
permit the signal to pass to the receiver but do not allow the signal
to pass to the transmitter.

Several wide-band, Scientific-Atlanta receivers, including the new
1750 series phase amplitude receiver, are available for use in the X-band

CW radar. With the Scientific-Atlanta 1750 receiver in the system, both
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phase and eamplitudes of the scattered wave can be measured simultaneously.
A standard Scientific-Atlanta pattern recorder is used to recora the radar
reflectivity patterns.

After the frequency of operation has been selected, the synchronizer
is adjusted to achieve a phase-lock condition. Then with only the sup-
port structure in the range, the slide-screw tuner is edjusted to produce
a minimum signal at the receiver. The slide-screw tuner adjustment
produces a reflected signal in that arm that cancels the reflected signel
from background and support structure. Thus, when a target is introduced

into the rarge, the signal to the receiver represents only the reflected

energy from the target.

E. Range Performance Charscteristics

In & CW reflectivity range the lowest vilue of rader cross section
that can be measured is determined by the depth ot the null for background
cancellation. Implied in this statement is that the receiver in the re-
flectivity range equipment has sufficient sensitivity not to be a
limiting factor. Two factors which control the depth of the null ere
the frequency stability and any vibrational movement of the background
or collimating reflector systems. When the synchronizer was used to main-
tain high frequency stability for the transmitter, vibrations appeared to
be the limiting factor on the null level. The null levels for the point-
source and line-source ranges were measured to be equivalent to redar crcss

section values of -40 and -50 dB below one square meter, respectively.
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No special provisions were made to shock-mount the collimating re-
Tflectors or to reduce any vibrations in the background structure. though
the entire system of the reflectivity ranges is located on & concrete slab
in a basement room, when the slide-screw tuner was adjusted to obtain the
best null, vibrations resulting from a person walking across the concrete
floor would cause variations in the null level. The difference in the
vibration level for the two ranges is caused by the difference in weight
of the two reflector systems and the different mounting techniques. The
point-source reflector is lighter than the line-source reflector and also
is mounted with a cantilever structure; thus the point-source range has a
higher vibration level than does the line-source range.

Previous measurements of the nature of the wave from the collimating
reflectors from the point-source and line-source ranges indicated that a
uniform plane wave was generated in a region approximately 30 inches
square. This area is much smaller than the reflector apertures because
tapered illumination was used to reduce edge defraction, a major contributer
to the stray radiation level. It would be possible in many applicatioms
to use targets that were somewhat larger than the 30" X 30" ares men-
tioned above. It has been found that reasonable accuracy in the measure-
ment of radar reflectivity patterns is possible if the maximum variation
in phase does not exceed m/8 radians and the maximum amplitude variation

3

does not exceed 1 dB at the target aperture. The geometrical configura-

tion of the target determines the phase and amplitude variastions across

16




the aperture that can be tolerated. Phaese and amplitude variations of
n/16 and 0.2 dB, respectively, are required for precise measurements of
targets with surfaces which are essentially flat. However, if large
targets with a number of nearly independent scattering centers are being
measured, the phase variation may exceed w with amplitude verietions of
3 dB.

Dynemic range is no problem with the CW reflectivity range as de-
picted in Figure 7. The large dynamic range of the Scientific-Atlanta
wide-band receiver and the use of precision attenuators in the sysiem
.ause the dynamic range to be limited only by the vibration level on
the low end and the largest radar cross section target that can be cb-

- tained ir the 30" X 30" area on the high end.

17

.




T ot g e bt

SECTION III

TARGET SUPPORT STRUCTURE FOR USE ON REFLECTIVITY RANGES

One of the major problems associated with the design of any reflec-
tivity range to measure the backscatter patterns of radar targets as
functions of aspect angles is to support the target with a structure
whose backscatter does not affect the return of the test target. Several
of the more common methods used to support the target to be measured are
cellular plastic columns, air inflated columns, thin dielectric lines,
and spin dropping the target through the incident field. For many eppli-
cations, cellular plastic columns have distinet adventages over the other
methods. These advantages are (1) ease of fabrication, (2) rigidity of
support, (3) symmetry about an axis of rotation, and (4) low radar cross
section.

Supports of the plastic column type may be constructed in various
shapes., The cellulsr plastic columns may have s constant diameter that
is determined by the frequency of operation. With proper choice of the
oolumn diameter, the backscatter of a column with low r: 'ar cross section
can be further reduced. Target supports designed in this manner are re-
ferred to as "tuned columns." A more general shape for tr: cellular
plastic column is that of a truncated right conical column. With this
design shape and proper cone angle, the main specular reflection from
the column can be directed awey from the receiver. The backscatter from

the right conical column 2an be reduced further by serrating or by using
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other types of symmetrical shaping of the surface of the column to make
the column & diffuse rather than a specular scatterer.

Because of the many types of manufactures of cellular plasties, the
Radiation Laboratory, University of Michigan, analyzed the reflectivity
characteristics of a variety of cellular plestic materials when used as
target support structures.l+ This study indicated that Styrofoam FR, a
product of Dow Chemical Company, is one of the better cellular plastics
used as target support structures on reflectivity ranges. Both theoretical
arnd measured data were the basis for the choice of this material. Styro-
foam FR is a polystyrene material composed of uniform cells approximately
0.01 inch in diameter. A distinguishing characteristic of Styrofoam FR
is 1ts light blue color.

The target support structure design requirements for the compact
reflectivity ranges were the following:

1) symmetry about a vertical axis of rotation,

2) minimm radar cross section over the frequency band 8.2 to
12.8 GHz,

3) varisble height to be compatible with the point-source and
the line-source ranges, and

4) easy target placement and removal.

Figure 8 is a photograph of the Styrofoam target support structure.
This right conicasl column with a base diameter of 16 inches and a cone

half angle of 3.6 degrees was fabricated from Styrofoam FR material.
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Figure 8.

Photograph of Styrofoam FR target support structure
20



The column was built with L4 inch thick discs of Styrofoem ¥R material;
each disc progressively was decreased in diameter and was beveled at the
2dges to produce a serrseted column when the discs were assembled. The
conical column vas truncated at a height of 60 inches thus providing a
6.5 inch platform. Another right conical section with a 6.5 inch base
diameter and a cone half angle of 12.5 degrees was attachad to the top
of the main serrated column. This conical section also was fabricated
of I inch discs of Styrofoam FR and designed to be truncated at 8 and
12 inch heights. This small conical section atop the main column was
added to eliminate the possibility of interaction between the smaller
test targets and the support structure.

In the fabrication of the discs which make up the support column,
a 3/8-inch centering hole was necessary. These holes correspond tc the
vertical axis of the column., Three-eighths inch Styrofoam dowels were
used to align the adjacent discs of the column and assured symmetry sbout
this axis of rotation. The centering hole in the top of the support
column provides a convenient and accurate means for target placement.
A Styrofosm dowel adhiered tc the back of the flat plate target and placed
in the centering hole assured rotation of the target on the vertical
axis of the column and also aligned the normal of the flat surface of
the target to be perpendicular to this vertical axis.

The column was mounted on the antenna positioner normally used
with the compact antenna ranges. This positioner provides azimuth-over-

elevation rotation; thus for the azimuth rotation of the mount, the
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cclumn always will rotate about its axis of symmetry. The positioner is
mounted on a movable table which travels on two sets of orthogonally
oriented tracks. This arrengement allows movement of the test target to
eny position inside a 4-fcot square floor area.

Adjustment of the target support structure in height was necessary
so that the same structure could be utiiized on both the point-source and
the line-source reflectivity ranges. This requirement exists due to g
12-inch difference in height between the centers of the two collimated
beams. Three removaeble bottom Styrofoam discs in the support column
meke it compatible for use on both the compact reflectivity ranges. The
remeinder of the discs comprising the target support column were tack
glued with white glue to add rigidity to the column and to assure that
the discs did not shift in position after the initial elignment.

It is relatively difficult to make measurements to determine the
backscatter level of the target support column. This difficulty is
due to the nature of operation of the CW reflectivity range, which re-
quires that the background be nuiled and then the target, in this case
the target suoport coiumn, be placed in position and the backscatter
signal recorded. The backscatter signal level of the target is then
compared to the backscatter signal from a standard or reference target
of' known radar cross section. Since in this case the target is the sup-
port column, no means are provided to support the reference target. With

this in mind, measurements were taken of the backscatter returned by the
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Styrofoam FR support column, with the null level used as the reference
signal. These measurements were conducted on the line-source reflec-
tivity range, which haes a sensitivity or null level of approximately
-50 stﬁ% The greatest sigrat level received by placing the support
colum in position was 5 dB above this null; thus the radar cross sec-
tion of the column is assumed to be approximately -45 dBsm.

A significant evaluation of the support structure is to determine
the effect movement of the support column has on the null level. With
the Styrofoem target support column in position on the pedestal and e
null achieved, the column position was moved from side to side and varied
in range. No noticeable variation was observed in the null level for
this movement of the support column. The gbove check was conducted at

each operating trequency; i.e., 8.2; 9.0, 9.4, 10.0, and 12.0 GHz.

* .
dBsm is dB relative to one square meter of radar cross section




SECTION IV

TARGETS

A. Calibration Target

The measurement of radar cross section or backscatter patterns
usually is not an absolute measurement; i.e., the measurements must be
referenced to some standard target of known radar cross section before
numerical velues may be assigned to the measured date. It is desirable
that the radar cross section of the standard target be independent of
aspect angle and frequency. The conducting sphere can approach these
requirements and therefore is a common reference target for radar re-
flectivity measurements.

If care is used in construction, a conducting sphere can be made to
have radar cross section essentially independent of aspect angles, but
only spheres having radii much greater than the wavelength at the test
frequency have a redar cross section independent of frequency. Beyond
the Rayleigh region, the radar cross section of a conducting sphere oscil-
lates as a function of wavelength a“»out the geometrical cross section
value as shown in Figure 9. A 2.500 inch diameter steel ball bearing was
chosen as the standard target for calibration on the compact reflectivity
ranges because of its precise construction and reasonable cost. The geomet-

rical cross-sesction value for this size sphere is -25 dBsm. The theoretical

radar cross section of the 2.500 inch sphere in the frequency band of
interest, 8.2 to 12.0 GHz, is shown by the curve in Figure 10. A photo-

graph of the sphere is shown in Figure 11l.
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Flgure 9. Ratio of theoretical cross-section to geometrical

cross-section as a function of radius normalized
to wavelength for a perfectly conducting sphere
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Figure 10. Radar cross-section as a function of frequency
for a 2.5 inch diameter perfectly conducting sphere
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B. Test Targets

To evaluate the quality of the compact reflectivity ranges, the back-

scatter patterns of a series of test targets were measured. One requirement

of these test targets was that they have calculaeble backscatter patterns.

It was also desirable that the backscatter patterns have specific distin-

guishing charecteristics that would aid in comparing the theoretical

backscatter patterns to the measured backscatter patterns. Flat plate type

targets of both rectangular and circular gperture were selected as test

targets since they satisfy the corditions described above and can be built

easily.

The theoretical backscatter pattern of a flat plate is a function of

many variables, each contributing scme characteristic feature to the over-

all backscatter pattern. The more important of these variebles are the

following:
1)
2)
3)
k)
5)

amplitude and phase illumination across the aperture,
target size and shape,

frequency of operation,

edge diffreaction, and

transmitted polarization dependence.

For the calculations of the theoretical backscatter pattern to be

compared with the measured backscatter pattern, a uniform plane wave

across the target aperture was considered to be the illumineting function.

Thus, for a given target size, aperture shepe, and frequency of operation,
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the following specific characteristics of the theoretical backscatter
pattern as a function of aspect angle are known:

1) half-power beamwidth,

2) peek radar cross section,

3) engular displacement and depth cf nulls, and

4) side-lobe angular displacement and amplitude,

Geometrical diffraction theory5 may be used to obtain the theoretical
backscatter pattern of a flat plate as a function of aspect angle and can
account for the effects of multiple edge diffraction and polarization
dependence. Although the geometrical diffraction method provides an
accurate representation of the backscatter pattern fram normal incidence
to aspect angles approaching 90 degrees, the computations can be very
tedious.

Another method for calculating the theoretical backscatter pattern
as a function of aspect angle is based on the theory of physical optics.
In this method the effects of edge diffraction and polarization dependence
are neglected. Neglecting these parameters does not significantly sffect
the theoretical backscatter pattern for aspect angles in the region # 20
degrees about normel incidence? Since this * 20 degree range of aspect
angles provides a theoretical bacxkscatter pattern of sufficient detail
for comparison with the measured pattern data, the physical optics method
was used to calculate the theoretical backscetter patterns. For a given
target size and operating frequency the mathematics of the physical optics
method is straight forward and readily adapteble to programming on s

digital computer.
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The pesk radar cross section of a flat plate is the same for targets
having the same physical area, but the backscatter pattern as a function
of aspect angle is dependent upon the shape of the target aperture; e.g.,
square, rectanguler, or circulsr apertures have different backscatter
patterns. The test targets were designed in three groups of sizes to
provide a wide dynamic range of radar cross-section measurements. Each
test target in a group has the same physical area but differs in aperture
shape. The gperture shape, aperture dimensions, and calculated pesk
radar cross section (at X-band frequency) of the six test targets used

in the evaluation are shown below.

Square aperture targets: Calculeted RCS @ X-band
5.1% cm by 5.1% cm -10 dBsm
G.13 cm by 9.13 cm 0 dBsm
25.3 em by 25.3 cm 17 dBsm

Circular aperture targets:
5.1% em radius 0 dBsn
14.3 cm radius 17 dBsm
Rectangular aperture target:

70 cm by 9.13 cm 17 dBsm

The test targets were fabricated from flat aluminum sheet; the three

smaller targets were made of 3/32 inch thick material and the three larger
targets of 1/8 inch thick meterial. A photograph of the six targets is

shown in Figure 12.
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C. Selected Military Targets

One of the prime advantages cf a compact reflectivity range is the
ease and speed in which complete reflectivity patterns of complex targets
can be determined. To demonstrate this capability, radar reflectivity
patterns of & smell Ciaymore mine (MI8BA1l) and a 50 caliber projectile
were measured on the compact reflectivity ranges. Photographs of these
two military targets are shown in Figure 13.

A Claymore anti-personnel mine with aree approximetely 8 inches by
4 inches was used for these measurements. The lethal radius for this
mine is approximately 150 feet over an azimuthal dispersion angle of
spproximetely 60 degrees. As can be seen in Figure 13, the small

spherical projectiles in the mine produce the primery radar backscatter

from this target.

31




aAOWS
P X JIBA0D 3OBQ Y3TM ‘sutwr

axoufe
O 243 pus 3T130300ad 19q1Te2 0g oy3 Jo udeaBoqouy €T oxms
Ta

[ S P W W R I T R S R (Y T
Pt od ot beodentos Bt bedadinelany Pradieda Yool
‘
QY]
o
L 4
—
.

D s T T T S T e e o,




TRy

ey

SECTION V

EVALUATION OF REFLECTIVITY MEASUREMENTS ON THE COMPACT RANGES

A. Introduction

The backscatter patterns as a function of azimuth angle were measured
for each of the six flat plate test targets described in Section IV,

These dats were messured on the line-source and the point-source compact
reflectivity ranges at frequencies of 8.2, 9.0, 9.4, 10.0, and 12.0 GHz.

Backscatter patterns also were recorded for several targets commonly
used with radar systems; e.g., & trihedral corner, a dihedral corner, and
a cylinder. These backscatter data were compared with their maximum
theoretical values of radar cross section computed from the gecmetrical
aperture areas and frequencies of operstion. No attempt was made to
compare these data to tr ~oretical backscatter patterns as a function of
aspect angle,

Several military targets, including a Cleymore mine and a 50 calibver
projectile, were measured to investigate their backscatter characteristics.
These data were taken to demonstrate the practicality and usefulness of
the ranges since the computation of accurate thecretical values for these

targets is impractical, if not impossible.

B. Theoretical Backscatter Pattern Calculation

Theoretical backscatter patterns as a function of azimuth angle were

calculated for the six flat plate test targets described in Section IV,
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These calculations were performed on a Burroughs B-5500 digital computer
with a program in ALGOL language. Separate computer programs were writ-
ten for rectangular or square aperture targets and for circular aperture
targets. The programs provide for variastion of target sizz, frequency
of operation, and azimuth angle relative to normel incidence.

The progreammed equation ror celculating ihe flat plate backscatter

values for a rectanguler or square aperture flat plate is

6hna2b é[s1n(2ka sin é)]g
(ke sin &) |

where k = 2/, 2a is width of target, 2b is height of target, ¢ is the
azimuth angle of rotation, and A is the wavelength.

The equation used for the flat plate with a circular aperture is

2
= [/F Arcot & J,(n r sin @)]

where )\ and ¢ are as defined abeve, r is the gperture radius, and J1 is
the first order Bess2l function.

Data roints of target radar cross section were obteined for 60 degrees
of azimuth rotation, in 1/3 degree increments, for each of the six test
targets and test frequencies of 8.2, 9.0, 9.4, 10.0, and 12.0 GHz. These

data were plotted on the standard pattern recorder paper to provide the

theoretical curves of the backscatter from these targets as a fuaction
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of azimuth angle. The measured backscatter patterns vwere compered to

é these theoreticel backscatter curves.
: C. Measured Backscatter Patterns

Typical measured backscatter patterns of several flat plate test
é targets are presented in Figures 1k through 19. Figures 1% and 15 are

backscatter patterns for £ 30 degrees of szimuth rotation of the 70 cm

by 9.13 cm rectengular flat plate, measured on the line-source and the

WFINOTRTT

point-source compact reflectivity ranges at a measurement frequency of

10 GHz. Included in each figure is the calculated theoretical backscatter
pattern for comperison. For the same set of conditions, Figures 16, 17,
18, and 19 are patterns of the 1.3 cm radius circular flat plate and

25.3 cm square flat plate measured on both ranges.

The measured backscatter patterns for 360 degrees of azimuth rotation

& cataabii i

of a dihedral corner are shown in Figure 20. This figure compares the
backscatter pattern of the dihedral corner measured on the line-source
and point-source compact reflectivity ranges at a measurement frequency
of 10 GHz. This dihedral corner is fabricated from two rectangular flat
plates having dimensions of 30.5 cm by 15.25 cm and oriented such that
1 the intersection of the long sides forms an angle of 90 degrees. This
target has a much broader main beamwidth in the azimuth directiocn than
do the flat plate targets.

Figure 21 shows the measured backscatter patterns for 360 degrees

of azimuth rotation of a Claymore mine and a 50 caliber projectile.
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(b) Measured backscatter pattern .

Figure 14. Theoretical and measured backscatter patterns of a 70 cm by -
1 9.13 cm flat plate. Measured pattern obtained on the compact
line-source range at 10 GHz.
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(b) Measured backscatter pattern

Figure 15, Theoretical and measured backscatter patterns of a 70 cm by
9.13 cm flat plate. Measured pattern obteined on the compact
point-source range at 10 GHz.
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(b) Measured backscatter pattern

Figure 16. Theoretical and measured bac“scatter patterns of a 14.3 cm
radius circular flat plate. Measured pattern obtained on
the compact line-source range at 10 GHz.
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(2) Theoret

ical backscatter pattern
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(b) Measured backscatter pattern

Figure 17.

Theoretical: and measured backscatter patterns of a 14.3 cm
radius circular flat plate. Measured pattern obtained on
the compact point-source range at 10 GHz.
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(a) Theoretical backscatter pattern
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(b) Measured backscatter pattern

Figure 18. Theoretical and measured backscatter patterns of a 25.3 en
by 25.3 cm flat plate. Measured pattern obtained on the
compact linc-source range at 10 GHz,
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(b) Measured backscatter pattern

Figure 19. Theoretical and measured backscatter patterns of a 25.3 cm
by 25.3 cm flat piate. Measured pattern obtained on the ,
compact point-source range at 10 GHz.
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(t) Measured on point-source range

Figure 20. Bacliscatter patterns of a dihedral corner obtained on the
compact line-source and compact noint-source rangss at 10 GHz.
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(b) 50 caliber projectile

Figure 21, F
b
1

: =scatter patterns of a Claymore mine and a 50 caliber
1..pectile, obtained on the compact line-source range at
0 GHz. Indicated RCS of sphere reference is -26.1 dBsm.




These measured date were obtained at a frequency of 10 GHz on the line-
source compact reflectivity range. The backscatter pattern of the
Clieymore mine, Figure 2l-g, has a 5 dB of attenuation relative to O dB
attenuation for the indicated sphere reference; thus the measured peek
radar cross section (RCS) of this Claymore mine is -5 dBsm. For the
backscatter pattern of the 50 caliber projectile, Figure 21-b, the projec-
tile was positioned with its longitudinal axis horizontal. The signal
levels for the projectile and reference sphere may be compared directly.
As indicated, the measured peak RCS*of the projectile occurs for a

broadside orientation of the projectile and has a value of -25 dBsm.

D. Comparison of Results

The measured backscatter patterns as a function of azimuth angle
were compared to the calculated backscatter patterns in detail at the
following points:

1) peak radar cross section (RCS),

2) half-power beamwidth,

3) azimuth displacement of 15% gng 2™ nulls,

4) depth of 15% gna o™ mills, relative to maximum RCS, and

5) amplitude of 15% ana 2% side-1obes relative to maximum RCS.

This method of data analysis provides an indication of the phase
and amplitude illumination across the target aperture. For example, if

the phase distribution across the flat plate aperture is not uniform,

*In this report RCS is used for radar cross section.
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broadening of the main lobe and filling in of the null regions cccur.
This effect becomes evident for phase errors exceeding n/l6 radians.

If the amplitude distributica across the flat plate aperture is not
constant, the effect is to produce an error in the measurement of pesk
radar cross section, a reduction of the side-lobe amplitude relative to
the main lobe, and a shift in anguwlar position of the nulls,

The data presented in tabular form in Tables I thro&gh XTI are a
comparison of the measured and calculated values of peak RCS, half-power
beamwidth, null and side-lobe 1evel§t and null angular displacemeat. It
may be noted that data for the 5.1% cm square aperture flat plate is
not presented for the 2nd mill and an side-lobe points. Thase dats
occurred at azimuth angles greater than 30 degrees and therefore do not
allow a valid comparison of theoretical and measured data using the
phycical optics method of analysis., Also, several data points for the
measured data obtained on the point-source range are omitted. Equip-
ment failures during measurements invalidated these portions of the data
measured on the point-source range.

Analysis of the data shows very good agreement between the measure-
ments of backscatter patterns taken on both the line-source and point-
source compact reflectivity ranges and the theoretically calculated
backscatter patterns. The main deviation of the measured data from the

theoretical values occurs in the comparison of peak radar cross section

for the large targefs. For the smaller test targets, the measured value

*

Null levels presented in data are the worst case; side-lobe levels
relative to the peak RCS are an average of the symmetrical lobes,
with + 1 dB the worst case of asymmetry.
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PARIE T

COMPARISCI OF MSASURED AlD THEORSTICAL RCS DATA
Ol THE 70 ¢z BY 9.13 cm FIAT PLATE
FPOR THE COMPACT LINE-SOURCE REFIECTIVITY RANGE

e
FREQ~GHz
8.2 9.0 9.4 100 2.0
ITEM
SPHERE REF. CAL. I -26.2 |-2b0 |-2k.6 ) -26.1 | -26.0
(dBSM)
PEAK RCS MEAS. 15.0 bk 15.Lk 26.0 15.7
{dBSM) CAL. 16.1 16.8 17.0 17.5 18.9
~3dB BW. MEAS. 1.33° 1.30° 1.30° 1.10° 1.00°
(DEGREESQ CAL. 1.50° 1.20° 1.15° 1.15° 1.00°
BauLL MEAS. 1.50°| 1.0°] 1.38°] 1.33°| 1.33°
{(DECREES CAL. 1.60°) 1.33°| 1.32°| 1.25°f 1.10°
StNuLL LeveL | MEAS. | 240 | -2%.0 ] -23.0 | -2k.0 | -23.0
i¢8 CAL. [k-40.0 K-k0.6 K-%0.0 |<-40.0 |<-k0.0
Msi LeveL | Meas. | -1.8 | -15.5 | -15.0 | -15.5 | -15.3
(dB) CAL. -13.2 -13.2 -13.2 -13.2 -13.2
2MNULL MEAS. 3.00°F 2.80°| 2.67°| 2.70°] 2.67°
(DEGREES) CAL. 3.00°] 2.67°| =2.60°f 2.33°] 2.10°
2oL LEVEL | Meas. | -30.0 k-36.0 [<-38.0 [<-36.0 [<-35.0
{dB) CAL. lIk-40.0 |<-40.0 |<-40.0 |[<-40.0 [<-40.0O
2nds | LEVEL | MEAS. §| -19.5 | -19.5 | -20.0 | -21.0 | -20.2
(B CAL. -17.6 -17.6 -17.6 ~17.6 -17.6

L6




TABI® IT

COMPARTSON OF MEASURED AMD THEORETICAL RCS DATA

ON THE 25.3 cm BY 25.3 cm FLAT PIATS

FCR THE COMPACT LINE-SOURCE REFLECTIVITY RANGE
FREQ~GHz 8.2 9.0 3.4 100 12,0
ITEM
SPHERE REF.
B SH) CAL. E 26,2 | -2s.0 |-2%.6 | -26.1 | -26.0
PEAK RCS MEAS. | 14.3 k.7 5.4 16.4 i7.1
(dBSM) CAL. 15.8 16.6 6.7 17.4 15.0
-3dB BW. MEAS. 3.67°| 3.33°| 3.20°] 3.10°| 2.&0°
{DEGREESR CAL. 3.90° 3.60°| 3.50°| 3.20°| 2.50°
PinuLL MEAS. E.20°] 3.70°| 3.60°| 3.50°] 2.67°
(DEGREES) CAL. 5.15°|  3.67°| 3.60°| 3.33°] 2.80°
**NULL LEvEL | MEAS. | -26.0 | -27.0 | -26.0 | -24.0 | -2k.0
d B CAL. [<-40.0 [<-L0.0 |[<-%0.0 |[<-40.0 |<-k0.0
stg Lever | meas. | -13.8 | -2 | -13.5 | -1k.0 | -1k
(dB} GAL. ! -13.2 | -13.2 | -13.2 | -13.2 | -13.2
2rdNULL MEAS. 8.50°| 7.50°| 7.20° 6.80°| 5.80°
(DEGREES) CAL. 8.33°| 7.67°| 7.33°| 6.8° 5.67°
2"NULL LEVEL | MEAS. | -27.0 | -27.5 | -22.0 | -32.0 |<-35.0
cB) CAL. [<-40.0 |<-40.0 |<-40.0 |<-40.0 |<-40.9
2Mds | LEVEL | MEAS. { -19.5 | -18.0 | -18.0 [ -18.5 | -18.2
(dg) caL. f -17.6 | -17.6 | -17.6 | -17.6 | -17.6
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TABLE 71X

CCMPARIEQN OF MEASURED AND TAEORETICAL RCS DATA

O THE 1L.3 cm RADIUS FLAT PLATE

FOR THE COMPACT LINE-SOURCE REFLECTIVITY RANGE

FREQ~GHz 8.2 9.0 9.4 100 12.0
ITEM
SPHERE REF.
dBSK) CAL. -2€.2 -2k.0 24,6 | -26.1 | -25.0
PEAK RCS MEAS. 15.3 13.5 15.2 5.k 17.0
(d8 SM) CAL. 15.8 16.5 16.7 17.3 18.9
-3dB B.W. MEAS. 3.85°1  3.60°| 3.50° 3.10° 2.50°
{DEGREES) GAL. 5.00°| 3.50°| 3.%0°| 3.10°| 2.8¢°
PtyuLL MEAS. .50°| k.20°| k.00°|  3.70°|  3.10°
(DEGREES) CAL. L.u0%l  h.as°| k.00  3.60°  3.10°
PTRULL LEVEL | MEAS. [<-34.0 [<-36.0 |<-3k.0 [<-36.0 | -35.0
gl CAL. }<-L0.0 |[<-b0.0 |[<-%0.0 |<-k0.0 |<-k0.0
™si LEVEL | MEAS. § -18.5 | -19.0 | -18.0 | -18.5 ; -18.2
{4B) CAL. -17.6 -17.€ -17.5 -17.6 -17.6
2MNuLL MEAS. 8.50°| 7.50°f 7.33°] 6.80° 5.57°
(DEGREES) CAL. 8.15°| 7.50°| 7.33°| 6.60°] 5.60°
2"SNULL LEVEL | MEAS. | -31.0 [<-20.0 [<-b0.0 [<-40.0 [<-b0.0
d8) CAL. f<-40.0 |<-40.0 |<-bk0.0 |<-k0.0 |<-Lk0.0
25 | LEVEL | MEAS. | -25.5 | -22.3 | -24.5 | -2k.5 [ -2k.0
(d® CAL. 24,0 | -24.0 | -24.0 | -2k.0 | -2k.0
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TABLE IV

COMPARTISON OF MEASURED A¥D THEORETICATL RCS DATA
Oif THE 9.13 cm BY 9.13 cm FLAT PIATE
FOR THE COMPACT LINE-SOURCE REFIECTIVITY RANGE

-
FREQ~GHz 8.2 c.0 9.4 100 120
ITEM
SPHERE REF.
1dBSN) CAL. -26.2 -2k.0 | -24.6 -26.1 | -26.0
PEAK RCS MEAS. { -12 | -2.0 ;-0.6 |-0.6 0.0
(éB SM) GAL. § -219 1 -11 |-09 |-02 | +1.4%
~3dB BW. MEAS. [ 10.40°| 9.50°| 8.80°| 8.70°| 7.00°
(DEGREES) CAL. || 20.30°f{ 9.50°] 9.20°] 8.30°] 6.90°
fauLe MEAS. | 11.30°| 30.67°| 10.33°] 9.33°! 7.80°
(DEGREES) CAL. { 11.67°[ 10.50°| 10.33°| 9.50°f 8.00°
I*'NULL LEVEL | MEAS. | -22.0 | -23.0 | -20.0 | -2k.0 | -25.0
)0 CAL. [l<-40.¢ |<-40.0 |<-40.0 <-40.0 |<-40.0
*'sy LeveL | MEAS. | -13.5 | -13.2 | -ak.0 | -12.8 | -13.1
(@8) CAL. | -13.2 | -13.2 | -13.2 | -13.2 | -13.2
2MNuLL MEAS, | 23.00°] 21.30°| 20.00°| 19.30°| 15.80°
(DESREES) CAL. 23.80°] 21.30°| 20.80° 19.20°| 16.00°
2hdNULL LEVEL | MEAS. § -26.0 | -22.0 | -28.0 | -22.0 | -25.5
dg) CAL. I<-b0.0 |<-k0.0 |<-b0.0 |<-b0.0 |<-Lo.C
2Mdg.L LEVEL | MEAS. | -17.5 | -17.8 | -17.0 | -18.0 | -17.9
(dB) CAL. -17.6 -17.6 -17.6 -17.6 | -17.6
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TARIE V

COMPARISOI OF MRASURED AND THEORETICAL RCS DATA
ON THE 5.1% cm RADIUS FLAT PLATE

FOR THE COMPACT LINE-SOURCE REFIECTIVITY RANGE
FREQ~GH2
8.2 9.0 S.4 100 12.0
ITEN
SPHERE REF. caL | -26.2 | 240 | 246 | -26.1 | -26.0
1dBSM)

PEAK RCS MEAS. | - 1.7 - 2.0 - 0.6 - 0.8 + 0.2
(dB s CAL. - 1.9 - 1.1 - 0.9 - 0.2 +1.4
-3d8 V. MEAS, 10.90° 9.80° 9.33° 8.50° 7.00°
(DEGREESR GAL. 10.50° 9.67° 9.20° 8.75° 7.20°

SthuLL MEAS. || 13.00°| 11.50°| 10.80°| 10.80°] 8.50°
(DEGREES) CAL. 12.506°| 11.33°| 11.00°| 10.30°{ 8.67°
*'NULL LEVEL | MEAS. | -28.0 | -29.0 | -25.0 | -27.0 | -29.0
@ CAL. 1<-%0.0 |<-40.0 |[<-k0.0 [<-40.0 |<-k40.0
PteLvet | Meas. | -19.5 | -17.5 | -17.0 | -17.6 | -17.5
{¢9) CAL. -17.6 -17.6 -17.6 -17.6 -17.6
2MNuLL MEAS. 23.50°| 21.50°| 20.50°| 18.70°} 15.50°
(DEGREES) CAL 23.40°| 21.20°| 20.70°| 19.00°] 16.00°
279 NULL LEVEL | MEAS. | -28.0 | -32.0 | <hoO <-36.0 | -32.0
{48} CAL. [<-40.0 k-40.0 [<-40.0 |<-b0.0 Ii<-4G.0
2ndg 1 LEVEL | MEAS. § -25.0 | -24.5 | -2k.0 | -22.5 | -23.5
(dB) CAL. -24.0 -24.0 240 24 -24.0
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TABIE VI

COMPARISON OF MEASURED AND THEORETICAL RCS DATA

ON THE 5.1k cm BY 5.1k cm FIAT PIATE

FOR THE COMPACT LINE-SOURCE REFLECTIVITY RANGE

FREG~GHZ 1 52 9.0 9.4 | 100 | 120
ITEM
SP’::': :’;EE cAL. § -26.2 | -24.0 | -24.6 | -26.1 | -26.0
PEAK RCS Meas. | -11.0 | -11.2 | -10.3 | -30.2 | - 9.0
(dB SM} CihL. || -11.9 | -11.0 | -10.8 | -10.1 | - 8.5
~-3dB B.W. MEAS. 18.00°| 16.00°] 16.00° 1%.00°| 12.60°
(DEGREES) CAL. 19.00° 17.00°| 16.50°] 15.00% 12.50°
oL MEAS. | 20.50° 18.00°| 17.00°| 17.00°] 15.00°
(DEGREES) CAL. 21.00°| 19.00° 18.50°! 17.00° 1k.00°
M HULL LEVEL | MEAS. | -2t.0 | -17.0 | -18.0 | -18.0 | -21.0
dB GAL. }<-40.0 |<-40.0 |<-40.0 [<-40.0 |<-40.0
el LEVEL | MEAS. | -13.3 | -12.7 | -13.3 | -13.5 | -13.5
(¢B) GAL. } -13.2 | -13.2 | -13.2 | -13.2 | -13.2
2MNuLL MEAS.
(DEGREES) CAL.
2"dNULL LEVEL | MEAS.
(dB) CAL.
2hdg | LEVEL | MEAS.
(dB) CAL.
51




TABLE VII

COMPARISON OF MEASURED AND THEORETICAL RCS DATA
ON THE 70 cm BY 9.13 cm FLAT PLATE
FOR THE COMPACT POINT-SOURCE REFLECTIVITY RANGE

—
FREQ~GHz 8.2 8.0 9.4 100 12.0
ITEM
SPHERE REF,
(dBSM CAL. -26.2 -24.0 | -24.6 | -26.1 | -26.0
PEAK RGS MEAS. || 1.1 15.0 15.0 13.9 16.8
{dB 3SM) CAL. 16.1 16.8 17.0 17.5 18.9
-3dB B.W. MEAS. 1.35°|  1.30°] 1.25°| 1.16°f 1.00°
(DEGREESQ CAL. 1.50°f 1.20°| 1.15°| 1.15°f 1.00°
TR MEAS. 1.67°|  1.:0°|  1.35°| 1.30°] 1.05°
(DEGREES) CAL. 1.60°1 1.33° 1.32° 1.25° 1.10°
P'NULL LEVEL | MEAS. | -30.0 | -29.0 | -23.0 | -27.0 :23;8
dB CAL. [<-k0.0 |[<-40.0 |<-b0.0 |<-40.0 |<-b0.O
el LEVEL | MEAs. | -16.0 | =15.5 | -15.0 | -12.9 | -13.5
(dB) cAL. | -13.2 | -13.2 | -13.2 | -13.2 | -13.2
2MNuLL MEAS. 3.00°| =2.70°| 2.60°| 2.60°1 2.15°
(DEGREES!) CAL. 3.00°| 2.67°| 2.60°| 2.33°] 2.10°
2"INULL LEVEL | MEAS. §<-30.0 [<-30.0 | -32.0 [ -33.0 :gg:g
dB) CAL. [<-40.0 |[<-40.0 |[<-40.0 [<-40.0 |[<-boO.0
2Mdg | LEVEL | MEAS. | -18.0 | -17.5 | -17.0 | -19.5 | -21.0
(d8) CAL. -17.6 -17.6 -17.6 -17.6 -17.6
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TABLE VIII

COMPARISON OF MEASURED AND THECRETICAL RCS DATA

ON THE 25.3 cr BY 25.3 cm FLAT PLATE

FOR THE COMPACT POINT-SOURCE REFLECTIVITY RANGE

g —
FREQGH: 8.2 9.0 9.4 100 12.0
ITEM
SP?:::MI:EF. cAL. || -26.2 | -2k.0 | -24.6 | -26.1 | -26.0
PEAK RCS MEAS 4.3 14.8 .7 ik 17.0
(dB SM) GAL. 15.8 16.6 16.7 17.4 19.0
-3dB B.W. MEAS 3.83°| 3.33°| 3.k0°| 3.15°] 2.50°
{DEGREES) GAL. 3.90°| 3.60°] 3.50°| 3.20° 2.50°
stauLL MEAS b.20°| 3.60° 3.60°| 3.40°| 2.8¢°
(DEGREES) CAL. §.15°|  3.67° 3.60°| 3.33°] 2.8¢°
MNuLL LEVEL | MEAS. | -27.0 | -30.0 | -27.0 | -26.0 | -23.0
¢ B) CAL. I<-40.0 |<-40.0 |<-b0.0 |<-k0.0 |<-k4O0.0
gL LEveL | MEAS. | -13.2 | -12.0 | -13.3 | -13.5 | -13.2
(dB) CAL. |} -13.2 | -13.2 | -13.2 | -13.2 | -13.2
2MNULL MEAS 8.30°f 7.95°| 7.30°| 6.70° 5.65°
(DEGREES) CAL. 8.33°| 7.67° 7.33°| 6.80°| 5.67°
2" NULL LEVEL | MEAS. |<-32.0 | -25.0 [<-34.0 | -33.0 | -29.0
(dB) GAL. H<-40.0 [<-80.0 [<-b0,0 ([<-L0.0 }<-Lk0.0
2nds | LEVEL | MEAS. | -18.2 | -20.c | -17.9 | -17.5 | -17.5
a8 oaL, | -17.6 | -17.6 | -17.6 | -17.6 | -17.6
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TABLE IX

COMPARTSON OF MEASURED AND THEORETICAL RCS DATA

ON THE 14.3 cm RADIUS FLAT PLATE

FOR THE COMPACT POINT-SOURCE REFLECTIVTTY RANGE

o
FREQ~GHz
8.2 9.0 S.4 100 12.0
ITEM
SPHERE REF. CAL. -26.2 240 | 246 | -26.1 | -26.0
(dB SH)
PEAK RCS MEAS. 13.8 15.0 14.7 13.9 16.9
(dBSM) CAL. 15.8 16.5 16.7 17.3 18.9
-3dB B.W. MEAS. 3.82° 3.50° 3.h0° 3.16° 2.60°
(DEGREES CAL. L.00° 3.50° 3.40° 3.10° 2.80°
PENuLL MEAS. k.50°|  4.20°]  3.80°| 3.60°] 3.05°
(DEGREES) CAL. b ho° 4,15° 4.00° 3.60° 3.10°
Pt NULL LEVEL | MEAS. I<-3¢.0 [<-30.0 | -30.0 | -33.0 | -30.0
d g CAL. [<-40.0 I<-40.0 |<-40.0 |<-40.0 |<-k0.0
i LeveL | MEas. [ -17.5 | -17.5 | -17.0 | -17.5 | -17.2
(dB) CAL. -17.6 -17.6 -17.6 -17.6 -17.6
2dpuLL MEAS. 8.60°| 7.60°| 7.30°| 6.65°] 5.60°
(DEGREES) CAL. 8.15°| 7.50°| 7.33°| 6.60° 5.60°
2"dNULL LEVEL | MEAS. [<-35.0 |<-30.0 [<-35.0 [<-34.0 | -36.0
4B) CAL. l<-40.0 |<-40.0 |<-k0.0 |}<-40.0 |<-k0.0
2Mdg | LEVEL | MEAS. | -2k4.5 25.0 | -24.0 | -22.0 | -2Lk.0
(1:)] CAL. -24h.0 -24.0 -24,0 -24.0 -24,0
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TABIE

v
N

COMPARISON OF MEASURED AND THEORETICAL RCS DATA

ON THE 9.13 cm BY 9.13 cm FIAT PIATE

FCR THE COMPACT POINT-SOURCE REFLECTIVITY RANGE

1_
FREQ~GHz
£.2 9.0 9.4 100 12.0
ITEM
SPHERE REF,

(4B SM) CAL. -26.2 -2k.0 -2k 6 -26.1 -26.0

PEAK RCS MEAS. | -2.2 | -15 | -1.8 | -1.6 | -0.8

(dB SM) GAL. - 1.9 - 2.1 - 0.9 - 0.2 + 1.4
-3dB B.W. MEAS. | 10.00°] 9.67°{ 9.70°| 9.33° 7.00°
{DEGREES CAL. 10.30°| 9.50°] 9.20°{ 8.30° 6.90°
stauLe MEAS. 11.00°| 11.00°| -- 12.00°|  7.70°
(DEGREES) CAL. 11.67°| 10.50°! 10.33°) 9.50°} 8.00°

i NULL LEVEL | MEAS. | -24.0 | -22.0 -- -30.0 | -23.0

dr) GAL. §<-40.0 |<-Lko.0 |<-40.0 |<-40.0 [<-40.0

'S LEVEL | MEAS. | -11.5 | -1%.0 - -11.3 | -12.0

{dB) CAL. -13.2 -13.2 -13.2 -13.2 -13.2
28NULL MEAS. | 23.00°| 20.00°| -- 18.00°}  1k.00°
(DEGREES) CAL 23.80°| 21.30°| 20.80°| 19.20°f 16.00°

and NULL LEVEL | MEAS. | -18.0 | -21.0 — -22.0 | -26.0

(dB) CAL. [i<-40.0 |<-40.0 |<-40.0 |<-L0.0 |[<-k0.0

2ndg L LEVEL | MEAS. § -15.0 | -14.5 -- -13.0 | -18.5

da) CAL. -17.6 -17.6 -17.6 -17.6 -17.6




PARIE X

CCMPARTISCI OF MEASURED AllD THEORETICAL RCS DATA
Cl IHE ©.1L o= RADTUS FIAT PIATE

FOR THE COMPACT POILT-SOURCE LEFLECTIVITY RANGE

St g LN b e DT S e
AL s Sarue e o~ Pulid

FREQ~GHz
8.2 9.0 9.4 100 12.0
ITEX
PH ,
SPHERE REF CAL. -26.2 =2k.0 -2Lk.6 -26.1 -26.0
{dB SM)

PEAK RCS MEAS. || - 2.2 -15 | -18 | -3.8 - 0.5
{(dB8SM) CAL. -1.9 -1.1 - 0.9 - 0.2 + 1.k
-3dB B.W. MEAS. 11.00°! 9.67°| 9.00°| 8.80°| 7.30°
(DEGREES CAL. 10.50° 9.67° 9.20° 8.75° 7.20°

BnuLL MEAS. - 11.00°] 10.50°| 10.50°] 8.40°
{DEGREES) CAL. 12.50°| 11.33°| 11.00°| 10.30° 8.67°
' NULL LEVEL | MEAS. - -30.0 | -20.0 | -25.0 | -2%.0
(dB) CAL. 3<-40.0 [<-%0.0 |<-40.0 |<-k0.0 [<-k0.0
s LEVEL | MEAs. -- -16.8 | -16.5 | -18.2 | -16.8
(dB) CAL. -17.6 -17.€ -17.6 -17.6 -17.6
2MdNuLL MEAS. - 21.00°| 20.00°| 19.00°| 15.90°
(DEGREES) CAL -23.40°| 21.20°] 20.70°| 19.00°] 16.00°
2"dNULL LEVEL | MEAS. -- -21.5 | -30. -26.0 | -32.0
¢B) CAL. ~40.0 |<-%0.0 |<-40.0 J<-b0.0 |[<-40.0
20dg | LEVEL | MEAS. - -19.5 | -21.0 | -20.5 | -20.6
01:)] CAL. -24.0 ~24.0 -2k, -24.0 ~24.0
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TABLE XIT

COMPARISO: OF MEASURED AID THEORZTICAL RCS DATA
Of THE 5.1k cm BY 5.1k cm FLAT PLATE

POR THE COMPACT POILT-SOURCE REFLECTIVITY RANGE

—
FREQ~GHz 8.2 8.0 9.4 100 12.0
ITEM
SPT:::’EEF' GAL. [ -26.2 | -24.0 | -2u.6 | -26.1 | -26.0
PEAK RGS MEAS. | -10.7 | -20.7 | -9.8 | -13.6 | - 9.5
(¢B SM) CAL. -11.9 | -12.0 | -10.8 | -10.1 | - 8.5
-3dB B.W, MEAS. 18.5¢° 17.20°] 16.50°] 1k.00°] 13.00°
(DEGREES GAL. 19.00° 17.00° 16.50°| 15.00°| 12.50°
StyueL MEAS. | 21.00°] 10.00°] -- - 1k.50°
(DEGREES) CAL. 21.00°| 10.00°] 18.50°| 17.00° ik.o00°
PYNULL LEVEL | MEAS. || -16.0 | -19.0 -- -- -20.0
dB CAL. [<-k0.0 |<-k0.0 |<-40.0 |<-k0.0 |<-kO.0O
sy LeveL | MEAs. | -12.5 | -14.5 - -~ | -15.0
(4B) CAL. | -13.2 | -13.2 | -13.2 | -13.2 | -13.2
2MNULL MEAS.
(DEGREES) CAL.
2"dNULL LEVEL | MEAS.
(dB) GAL.
2hds L. LEVEL | MEAS.
e CAL.

o7




of peak RCS is normally within * 1 dB of the theoretical value. As
the test targets become progressively larger in physicel arez, the
measured peek RCS is always lower than the theoretical peask ICS value.
Several factors could produce this effect on the measured data; the
most likely cause is the effect of background shadowing by the larger
targets. Since the measurements are mede with a CW radar, background
milling is inherent in the procedure. Differences in physical size of
the test and calibration targets cause differences in background level.

This shadowing effect could be reduced by the use of a standard target
of approximately the same physicel cross-sectional area as the unknown
or test target.

Another effect on the measurement of peek RCS, or essentially reflec-
tivity range calibration, when a small sphere is used as tue standard
target, is interaction with reflected radiation. Since the sphere re-
radiates much energy in directions other than toward the reflector,
stray radiation may add in or out of phase with the collimated radiation
normelly incident on the sphere. Thus an interference pattern is pro-
duced that causes variation in the measured backscatter from the sphere
with distance to the reflector. This effect was evident on the compact
reflectivity ranges when the sphere was moved in range a distance of
several wavelengths. Maximum peak-to-peak variations of 5 dB were measured

in the backscatter from the sphere for this movement in range. The reference

ﬁ value of bhackscatter from the sphere, which was used to calibrate the test
' target measurements, was selected to be the peak RCS of the sphere as

i the sphere was moved in range,

58

P
?
4
|




ey L

et e

Ay ol (o

LE Kot BVt i

il

Lohecol

b o

E. Alternate Measurement Procedures

The differences in the computed and measured values of peak RCS
could be the result of several unrelated factors. Possible contri-
butors to the differences are

1) changes in the value of signal leakage through the
hybrid tee for the wide dynamic range of received signal,

2) the interference pattern produced by the calibration
sphere as a function of the range,

3) inaccuracies in construction and surfaces of the flat
plates, and

4) the difference in background shadowing by the sphere

and the larger targets.

An investigation was conducted to determine if tnese factors could
be reduced or isolated from one another. The CW breadboard radar was
medified by eliminating the slide-screw tunar and iuserting a variable
phase-shifter and variable attenvator in the system. A simplified
block diagram of this modified CW racdar is shown in Figure 22, In this
set-up, the background nulling signal should be unaffected by variations
in the received signal level.

Measurements were made of the peak RCS of the six test targets
with this modified Cw radar. In these measurements a different pro-
cedure was used to estabiish the measured value of RCS for the

calibration sphere. The backscatter signal from the calibration sphere

9
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was recorded for movement in range of approximetely two feet. The

resulting interference pattern, produced by the phase addition and

AR o

subtraction of the collimated radiation and stray radiation incident

it

on the sphere, was analyzed to obtain an average value of RCS for the

sphere, This average value was then used as the RCS reference value

o
E for the measurements.

LYo

_ Each of the six test targets was moved thrcugh the same two-foot
increment of range and interference patterns were recorded. In
general, the test target exhibited negligible interference effects

with the largest interference patterns having less than 1 dB peak-

| 4o UM LA

to-peak variations. These measurements were obtained on the line-

source range at each test frequency mentioned previously. The results
1 of these measurements of peak RCS for each test target were similar to

those previously obtained; the measured peak RCS values of the larger
é targets were approximately 2 dB below the calculated peak RCS valves
and the measured values for the smaller targets were very near the
calculated values of RCS.

Although considerable care was exercised in fabrication of the
test targets, some inaccuracies must exist in the flatness of the
plate and dimensions used in the calculations of radar cross section.
This type of construction error would tend to cause the measured re-

sults to be lower than the calculated results, but of smaller magnitude

LCabache k Aak

than observed for the large test targets.
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Thus, the main factor producing the differences in measured and
caleulated values of peek RT5 is assumed to be the difference in back-
ground shadowing between the larger targets and the small calibration
sphere used as a reference. A calibration or reference target having
mere nearly the same physical cross-sectional area should reduce the
measurement difference in RCS for the larger targets. The fact that
the measured RCS values for flat plate targets of the same area but

different shapes were equal within *.5 dB substantiates this conclusion.
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SECTION VI

FREQUENCY SCALING OF RADAR CROSS SECTION

In one sense, radar targets can be classified in terms of their
dominant dimensicns relative to the wavelength of the incident wave.
Targets whose dimensions and principal radii of curvature are large
in terms of wavelength can be analyzed with optical methods. Geometri-
cal optics, physical optics, and the geometrical theory of diffraction
are methods employing high frequency approximations which can be used
to compute radar cross section. Such targets usually exhibit little
sensitivity to the polarization c¢f the incident wave. When radar tar-
gets have dimensions that are small in terms of the wavelength, the
reflective properties are to a first approximation dependent only on
the size of the target and not its shape. Significant aspect angle
and polarization dependence can be observed, however, when the reflect-
ing target is thin. Targets have been catagorized according to the
principal form of scattering by Hey, et al6 as follows:

1) wavelength large compared with dimensions - Rayleigh scat-

tering region

2) wavelength on the same order as the dimensions - resonance

region

3) wavelength small compared with dimensions - surface and edge

scattering region.
These three regions are illustrated in the case of the radar cross

section of a sphere. A wavelength dependence of l/}h, characteristic
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ot the Rayleigh region, is exhibited for sphere radii less than 0.1 A.
When the radius is greater than 10 A, the variation in cross section
is less than 1% of the limiting value of nr2. The region between these
two redius values displays the significant oscillations characteristic
of the resonance region.

The X-band radar reflectivity measurements made on the compact
ranges were in the upper frequency end of the resonance region and in
the edge and surface scattering region. The radar cross section of
targets in the Rayleigh region at X-band would be too small to permit
detection with the CW radar used on the compact ranges. The demon-
stcated sensitivity of the ranges, however, would permit the measurement
of the radar cross section of most targets throughout the resonance
region, as well as the edge and surface scattering region.

The standard epproach in frequency scaling to make radasr cross-
section measurements of large targets feasible is to scale in wave-
lengths of the incident wave by the same ratio as the target model is
scaled. This scaling requires that much higher frequencies than the
frequency at which the cross-secticn value is desired be used to permit
models of practical size to be constructed. With the current compact
reflectivity range configuracion, targets up to approximately 3 feet
in their largest dimension can be measured at frequencies up to 12.4 GHz.
Thus, targets whose largest dimensions are 3 feet can be measured at
X-band to simulate targets with dimensions of 9 feet, 24 feet, and

360 feet at 4.0, 1.0, and 0.1 GHz, respectively.
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The construction precision of the hog-horn and parsbolic cylinder
in the line-source reflectivity range is greater than the minimum re-
quirements for operation at X-band. The criterion of A/16 for surface
tolerance would allow the line-source reflectivity range to be operested
as high as 70 GHz; if stray radiation proved to be tco large at this
frequency, a X/32 criterion would permit operation at 35 GHz. If a
K,-band radar were constructed, targets whose meximum dimensions are

9 feet could be scaled by 1/3 and measured at 35 GHz to simulate their

radar cross sections at X-band.
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SECTION VII

CONCLUSIONS AND RECOMMENDATIONS

A, Conclusions on Range Evaluation

It has been demonstratedl’e that far-zone antenna measurements can
be obtained on the point-source and the line-source compact antenna
ranges. The work described in this report shows that these same compact
range techniques are applicable to mrsasurement of radar reflectivity.

The results of this work indicate that the compact reflectivity
ranges operating with the X-band CW breadboard radar are very useful
tools for the measurement of radar reflectivity. The data presented
demonstrate that the far-zone requirement of a uniform plane wave inci-
dent over the target aperture was achieved.,

With these X-band compact CW reflectivity ranges, measurements of
the backscatter characteristics as a function of aspect angle o many
types of radar targets may be obtained easily. This fact is demonstrated
with the included measurements of the backscatter patterns of a Claymore
mine and a 50 caliber projectile.

In their present state of development the X-band CW compact re-
flectivity ranges can measure targets with

1) radar cross sections at X-band freguencies (8.2 GHz to 12.k

GHz) greater than -40 dBsm for the line-source range and

-30 dBsm for the point-source range, and
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2) largest physical dimensions of approximately 3 feet for

uniform plane wave illumination cver the target aperture.

The capabilities of the compact ranges when utilized to obtain
antenna measurcments heave been stated previously.l’2 The ability to
measure a radar cross section as a function of aspect angle, to an
accuracy equivalent to that obtained on a good outdoor reflectivity
range, may now e added to these capabilities.

The operation of the compact ranges in several different enclosed
laboratory arees of the Georgia Tech facilities with consistency of
measurements demonstrates that their use is not confined to ore partic-
ular space. The level of stray radiation measured in these various
locations 1s comparable to that achieved on good outdoor antenna and
reflectivity ranges. It wmay be feasible to reduce the strey radiation
level further by surrounding the compact ranges with radar absorbing
material, thereby improving their measurement capability for antennas
and radar reflectivity. The initial cost of this enclosure would be
considerably less than that required for a conventional anechoic chamber,
since the 2D2/X criterion of range must be maintained in an anechoic
chamber.

It is believed that the sensitivity level of the CW compact reflec-
tivity ranges are vibration limited to approximately -50 dBsm and -40
dBsm for the line-source and point-source raunges, respectively. This

vibration is produced by ‘the air-conditioning compressors in the
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building and other eauipments common to research facilities. Locaticn
of the compact -anges on & vibration isolated ped may improve the re-
flectivity ranges capatility considerably and allow measurements of

targets having smaller radar cross section.

B. Compect Rapge Ymprovement Studies

1) Dual-polarization capability for point-source compact range.

In the present configuration both the pvoint-source and line-
source ranges are eauipped to transmit vertically polarized signals.
Rotation of the feed horn on the point-source ccmpact range permits
measurements to be made with any linear polarization. A redesign of
the feed for the point-source compact range could add the versatility
of transmitting linearly polarized signals and simultaneously receiving
returns with polarizations that are parallel and orthogonal to the
transmitted signal. This new feed would consist of a square waveguide
horn and an X-band cdual-mode waveguide coupler. The dual-mode coupler
is an operational piece of hardware (designed and developed at Georgia
Tech) and provides an R.F. isolation greater than 40 dB between the
two orthogonal linear polarizations.

The complete description of the radiation pattern or reflectivity
pattern of an antenna or radar target for one polarization does not de-
scribe completely the characteristics of that antenna or target. The radia-
tion pattern or reflectivity pattern for waves that are orthogonally or cross

polarized must be known. The ratio of the gain of an antenna for the
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principally polarized signal (parailel polerization) to the gain for an
orthogonally polarized signal (cross polarization) is defined to be the
polarization ratio. ZXnowledge of the polarization ratio of an antenne
is becoxming of prime importance to the designers of military antenna
and radar systems.

The described redesign of the feecd system for the puvint-source com-
pact range would provide the measurement capability necessary to determine
volarization ratio. From these measured dzta the antenna polerization
ratio as a function of azimuth angle could be obtained. With the addition
of some relatively simple instrumentation, the polarization ratio pattern

could be plotted directlv using the antenna pattern recorder.

2) ZEreadboard X-bané short-pulse compact reflectivity range.

A preliminary study of the design parameters required for an
X-tund breadboard short-pulse compact reflectivity range is being con-
ducted at Georgia Tech. The major advantage that a short-pulse (approxi-
mately 5 nanosecond pulse duration) system would have over the presently
used CvW system would be the ability to discriminate more effectively
against the backscatter from the background environment.

Several problems present themselves in the actual bread-boarding of
the short-pulse X-band radar. %hese are the generation of the 5 nano-
second pulse and the associated wide receiver bandwidth. A high pulse
repetition frequency (PRF), due to the short range, can be employed to

meintain sufficient power. These problems are not iasurmountable, and
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the concept of a short-pulse compact reflectivity range is considered
to be feasible.

A nmeasurement program to compare the results of reflectivity mea-
surements obtained with a pulse ccmpact reflectivity range versus those
obtained with the CW compact reflectivity range would b2 worthwhile.

This measurement program could be done in conjunction with the develop-

ment of a pulse compect reflectivity range.

C. Backscatter Measurement Programs Using Ccmpact Reflectivity Range

1) BRackscatier characteristics of projectiles and other military
targets.

The CW compact reflectivity ranges have proven to be very
good reflectivity ranges. With the existing ranges, measurements of
the backscatter return versus azimuth and elevation angies of targets
having low radar cross section (1o'k square meters) are possible.
Characteristics of the CW compact reflectivity range make it an ideal
"tool" for use in compiling data of radar cross section versus aspect
angle of numercus targets of military interest, such as small caliber
bullets, mortar shells, Claymore mines, etc. These data couléd be
plotted on a contour type format or in the form of cumlative distri-
bution curves. Data of this type would be extremely useful to the

designers and users of military radar systems.
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2) Backscatter characteristics of ground and airborne antennas.

The antennas in aircraft and ground instazllations noticeably

increase the radar cross section of the system. Since the size of most

airborne antennas is compatible with the size limitation of the existing
compact ranges (2pproximately 30 inches), the compzct reflectivity ranges
would be very useful in a progrem to investigate methods of reducing

the vpackscatter from airborne radar antennas. The results obtained from

an investigation for the reduction of backscatter from airborne antennas

also would be applicablie to many ground-based antennas.

3) Backscatter from clutter.

One of the limiting parameters of many radar systems is the

backscatter from ground clutter. It is known that seasonal conditions,

tree type, surrourding vegetation, polarization, wind speed, and moisture
content cause variations in the reflectivity of a given area of clutter.
Very little is xnown about the individual elements such as the back-
scatter from leaves, branches, pine cones, etc. that, grouped together,
compose this clutter. The capability of the compact reflectivity ranges
to measure targets having low radar cross sections but relatively large
physicel apertures, plus the advantage of a stable indcor environment,
make them desirable tools for investigating the individual elements
composing cluiter.

Environmental control of the individual clutter

targets, such as wind speed, mcisture content, temperature, etc., could
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be readily achieved. A measurements program designed to investigate the
various constituents of clutter would provide the rader designer with

valuable information for radars to detect targets in ciutter.

1) Statistical reflectivity characteristics of radar targets and
clutter.

Facilities exist at Georgia Tech to generate statistical data
on the radiation characteristics of antemnas as a fuaction of azimuth
angle. These data may be plotted in the form of cumulative gain distri-
bution curves. Data in this form are very useful design informetion when
mutual interference between two or more antennas must be considered.

This statistical method of data presentation is applicevle to radar re-
flectivity measurements also since the target will be viewed from a wide
range of aspect angles. tatistical analysis could be appiied to the

radar reflectivity measurement programs outlined above.

D. Summary

The ability to measure the gain and radiation pattern of a micro-
wave antenna on the compact antenna range has bpeen demonstrated previously.
VWork performed in this report demonstrated that these same compact range
techniques are applicable toc compact radar reflectivity ranges. The
advantages of the compact ranges over conventional antenna and reflec-

tivity range are reduced range requirements, lower initial expense,
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i lower R.F. transmitter power, smell physicel space required, Ireedom
from adverse weather conditions, and convenience of operation. %he
recommended program ir this report would improve zand expand the capa-

bilities of compact antenna and reflectivity ranges.
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