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FOREWORD

In order to meet the need for a National Radar Reflectivity
Range, Rome Air Development Center (RADC) awarded a development
contcact on 29 June 1962 to General Dynamics/Forc Worth (GD/FW)
to design, fabricate, and develop the Radar Target Scatter Site
(Project RAT SCAT) on the Alkali Flats, Hollomar AFB, New Mexico.
The operational RAT SCAT Site was delivered to the Air Force on
30 June 1964.

The RAT SCAT facility was developed for full-scale radar
crdss section measurements. In the pursuit of this development,
an R&D Program was undertaken to provide for the specific needs
of Project RAT SCAT as requirements appeared in the implementa-
tion of the function of the Site. A significant portion of this
work was subcontracted. Emphasis was placed on those areas
thought to be most promising in achieving measurement objectives.
The precentation of the results of the R&D Program is covered in
eight reports which were prepared as RADC Technical Documentary
Reports.

This report (General Dynamics/Fort Worth Report No. FZE-
222-2) is No. 2 in the series and was prepared by Mr. B. A. Benn
and Dr. C. C. Freeny. The contents and abstract are unclassi-
fied.
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ABSTRACT

This report contains a description of the res:lts of experi-
ments per formed at the RAT SCAT Site, a ground plane vadar cross
section range, to examine the operational feasibility <f measuring
arbitrary targets with circular polarization and, in addition,
measuring linear scattering matrices.

A calibration procedure compatible with the RAT SCAT facility
is presented. Elliptical polarization was used to facilitate the
establishment of circular polarization at the target point. Ex-
perimental data is presented on the magnitude of polarization deg-
radation as a function of target size and time.

Relative phase measurements, along with the necessery ampli-
tude measurements, were used to determine the linear scattering
matrix of a complex target. Finally, two annotated schemes com-
patible with preaent RAT SCAT equipment for obtaining the linear
scattering matrix are described. This is the second of eight re-
ports prepared under the RAT SCAT R&D Program.
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SECTION 1

INTRODUCTION

A major objective set for the RAT SCAT R&D effort was the
investigation of the capability of the RAT SCAT facility relative
to circular polarizations and scattering matrix measurements
Theoretical investigations pertaining to these two subjects are
reported in References 1 and 2. Test programs designed for and
conducted at the RAT SCAT Site for the purpose of investigating
the facility capability relative to these two subjects are de-
scribed in this raport.

All of the test series reported herein were conducted at

2955 megacycles. This frequency was chosen so that conclusicns
related to equipment stability and ground plane effects might be
reasonably extended to allow similar conclusions to be drawn con-
cerning Bands 4 through 7 (1 through 10 gigacycles). The tar;et-
to-antenna range was 1158 feet, and the antenna heights wer« ad-
justed to obtain a target center at a point 8 feet above ground
level.

Modificat:ons of existing equipment, as well as special tes!
devices, were necessary in performing this experiment. In par-
ticular, a vernier-scaled phase shifter and variable attenu=‘cr=s
were substituted for the existing phase shifters and 1-db <t r
attenuators. The existing polarization boxes normally locared
outside of the transmitter room were moved into the transr .t
room for the experiment. This modification was made in t!.
terest of convenience for the operator rather than necess.:.
Special testing equipment consisted of (1) a rotating horr de-
signed to propagate linearly polarized electromagnetic waves {rem
the target region and (2) helix antennas to determine the sin-e
of circular polarizations.




SECTION 2

CIRCULAR POLARIZATION

General

The ~apability for measurements at circular polarization a~
the RAT SCAT Site was examined through the executicn cf a test
program. The primary objectives set for the program were (1) the
design of a calibration procedure for obtairing circular polari-
zation which would be compatible with the RAT SCAT equipment, (2)
the collection of information for use in defining potentially
severe limitations which might be imposed (by the antennas and
ground plane) on the size of targets that could be measured by
employing circular polarization (Reference 1), and (3) the collec-
tion of information related to the influence of frequency stabili-
ty on the maintainability of circular polarization for extended
periods of time.

The ground plane effects must be considered whenever a ground
plane range is calibrated for measurements made at arbitrary pola-
rizations (particularly those other than vertical and horizontal).
However, antenna effects also must be considered in any calibra-
tion procedure estublished for measurements at arbitrary polari-
zations on a ground plane or a free space range.

Since in fact, the two are actually combined in a single
perturbation in the ground plane case, it is seen that the ground
plane effects do not compound calibration problems. The only dif-
ference is that resulting polarizations must be examined after the
ground plane has had its perturbing effect, i.e., a change in re-
sulting polarization will generally accompany a change in location
of the target point. However, this phenomenon is germane to the
control problem within a target region - not at a target point.

In measuring arbitrary targets, the actual problem is mcre
closely related to controlling polarization within a target region.
Practically, this type of control can only be effected by controi-
ling polarizations at a central point (target point) and simply
accepting the over-all degradation.

Dual feed antennas are used at the RAT SCAT facility to con-
trol the polarization at the target region. Each antenna feed
network consists of a variable attenuator (normally 1-db step at-
tenuators are present, but continuously variable types were used
for the experiments discussed in this report) and a phase shifter

3




in each of the two orthogenal channels (horizontal, H, and verti-
cal, V). This arrangement is used as a first-order compensation
network in that such effects as antenna isolation are not taken
into account. However, as shown later, additional sophistication
of the compensation network would not be beneficial since overall
system limitations were caused primarily by differences in the
horizontal and vertical antenna patterns - a problem not readily
amenable to solution by use of a compensation network. The com-
pensation network is illustrated schematically in Figure 2-1.

Proper adiustments in the H and V channels of either the
transmitter or receiver compensation network will produce a trans-
fer function of the compensation network which equals the inverse
of the transfer function of the antenna and the ground plane (Ref-
erence 1). Therefore, the transmission of circular polarization
will result in circular polarization at the tuarget point.

In the test program, a precision sphere was used for a probe
to demonstrate the 'purity" of the circular polarization through-
out the target region. A sphere was used because it exhibits far
field scattering characteristics that simply reverse the sense
of the polarization; consequently, the cross section associated
with the transmission of right circular (TRC) polarization and
the reception of right circular (RRC) polerization is zero. How-
ever, the cross section associated with transmitting & polariza-
tion other than circular and receiving its orthogonal counterpart
is also zero; hence it is also necessary to observe that, once
calibrated at the target point, the transmitter and receiver chains
track one another as a function of target position since they are
essentially identical. Therefore, since the orientation of general
elliptical polarizations differs from that of their orthogonal
counterparts, a cross section of zero indicates circular polari-
zation.

The frequency stabllity of the system was examined by repeat-
ing sphere probe after probing the target region of interest.

Calibration Procedure

To calibrate the system, a rotating horn, fed by a signal
generator, was mounted so that linear polarizations could be ema-
nated from the target point to form a linear time-dependent angle
with the horizontal. This procedure represented a modification
of a technique suggested in Reference 1. By adjusting the compen-
sation network in each of the transmitter and receiver chains in-
dependently (by reciprocity the trensmitter was calibrated as a
receiver), the system was calibrated to measure with circular

4
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polarization. The exact calibration procedure consisted of the
following eight steps:

1. The transmitter antenna (rctating horn) located at the
target region is geometrically boresighted. The signal
generator is set tc the frequency of operation. The
transmitter is then energized and the antenna is set to
rotating.

2. The local oscillator i{s then manually tuned to the fre-
quency of the pit-located transmitter frequency plus or
minus 60 megacycles.

3. The transmitter compensation network attenuators and
phase shifters are then adjusted to achieve minimum var-
iation of the received signal and the dial settings of
phase shifters and attenuators are recorded. The trans-
mitter retwork is then calibrated to produce circular
polarization at the target. To demonstrate the adequacy
of this procedure, the relationship describing the power,
P, received from the pit can be examined as a function
of the rotating speed Y:

P = A(Sin2 YT + Sin28 Cos?2 YT + 2 SinB Cos & Sin ¥ T)

(1)

where Sin 8 represents the ratio of the H and V channel
geains and 6§ is the phase difference between the two chan-
nels. It follows from Equation 1 that minimum variation
{in P occurs only when 8 = + 7/2 and 4 = + 7/2, in other
worde, the conditions necessary and sufficient for cir-
cular polarization. Typical minimum variations achieved
during the demonstration are indicated in Figures 2-2

and 2-3.

4. The 90-degree hybrid switcn is energized to reverse the
polarization sense. Components and record dial settings
avre adjusted as necessary in conformance with Step 3.

5. Steps 3 and 4 are repeated for the receiver network.

6. The rotating horn is replaced with the calibretion sphere.
The transmitter is then manually tuned to the local oscil-
lator plus or minus 60 megacycles degending on the cali-
bration frequency. Use of this procedure results in the

6
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transfer of the calibration frequency to the operating
frequency with miniaum error.

7. The calibration sphere is measured for the condition
(TRC, RLC) (waximum return) and (TRC, RRC) (minimum
return). The difference between these two measurements
is indicative of the '"purity" of the circular polariza-
tion. Any minor frequency changes that occurred in the
transfer described in Step 6 can be compensated by oper-
ating TRC, RRC and adjusting the phase shifters to
obtain a null. Although the use of this process may
produce a polarization slightly different from circular,
it will provide an orthogonal set of polarization base
vectors.

8. Helix antennas are then used to correlate the sense of
the transmitter polarization with respect to the polari-
zation switch position (i.e., in Step 7 TRC may well
have been TLC and conversely for the receiver). During
the actual test, the transmitter was calibrated for TRC
and the receiver for both RRC and RLC.

Field Probe Procedure

As mentioned previously, the success of this test series is
dependent on the purity of the circular polarization obtained
throughout the target region. To determine this, a sphere was
placed on a Styrofoam column offset 1.5 feet from the center of
the rotator platform at a height of 5 feet. The sphere cross
section was recorded under both conditions (RRC and RLC) through
360 degrees of rotation. It was then moved in one-foot vertical
increments and measured under conditions (TRC, RRC) and (TRC, RLC),
i1.e., the above procedure was then repeated for sphere heights of
7, 8, 9, and 10 feet. The column was then offset 3.5 feet, and
the above steps were repeated. Finally, a measurement with the
sphere at the center of the rotator with height 8.0 feet above
ground was made for the purpose of examining system stability.

Measured Dats

The plots in Figures 2-4 through 2-6 represent measurements
of (TRC, RLC) and(TRC, RRC) for 360 degrees of rotation of a 12-
inch sphere for selected probe positions. The probe positions
selected are those taken at the extreme positions of the taiget
region, along with the center region probe. Examination of the
figures indicates that, even in the regions of least separation,
the difference in the sphere returns for the two conditions is

9
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greater than 30 db. Exclusive of the regions where anomalies oc-
cur, the ratio is nominally 35 db. Since these plots are those
taken with the probe at the extremities of the target region as
well as extremities in time the data indicates an extremely high
degree of circular polarization purity can be achieved by using
the equipment mndifications indicated earlier.

The 1-db step attenuatcrs originally prescribed, instead of
the variable attenuators employed for this test, were used and it
was found that sensitivity was reduced by about 15 db. It was
therefore concluded that variable attenuators were not only de-
sirable for compensation networks but, at least with respect to
1-db step attenuators, necessary to obtain reasonable orthogonal-
ity.

Analysis of Field Probe Data

In this section the measured data is used to compute two
parameters indicative of the amount of circular polarization deg-
radation across the target region.

The ability to achieve circular polarization throughout a
given size of target region may be 'imited by a combination of
two tvpes of changes: (1) relative changes between horizontal
and vertical amplitudes and (2) relative changes between horizon-
tal and vertical phase patterns. in order to describe the sizes
of errors involved, degradations will first be considered to be
caused entirely by changes in phase »*nd then entirely by changes
in relative amplitudes.

Errors in Phase

If b1 and @R represent the phases tetween the H and V
channels of the transmitter and receiver chains, then & = &p
since it is assumed that the two systems are reciprocals of one
another. If Ad = 7/2 - g it is easy to show that the one-
way phase change, A&, is related to the measured cross sections

by

Ad = -%- cos-1 (2pP-1) (2)

where P equaels the ratio of averege cross sections recorded for
(TRC, RRC) and (TRC, RLC) as a function of position.

Equarion 2 can be used to form a grid by associating a phase

error, Ad, with each of the grid points covering the target region

13




probed (cf. Messured Data Subsection). Notice from Figure 2-7
which illustrates this grid that three degrees represents maximum
phase error existing throughout the target region probed.

Errors in Relative Amplitude

A convenient method of displaying possible sizes of errors
in relative amplitudes is to employ axial ratios, i.e., the ratio
of the minor axis of a polarization ellipse to the major axis. A
relationship involving the measured cross sections as a function
of position can be used to generate yet another grid by associat-
ing one-way axial field ratio errors, Ag, in db with a target

region grid. The relationship used for this analysis is given in
Equation 3:

Ag = 5 Log [1-2(10 F/20) (3)

where P = ratio of average sphere return recorded for (TRC,
RRC) and (TRC, RLC).

The errors in axial ratios asre less than 0.4 db throughout
the target region. Except for a small region, the error was less
than 0.1 db, &8s can be seen by examining the grid shown in Figure
2-8. It is noted that only in the vertical plane does the cir-
cular polarization noticeably deteriorate. This deterioration is
in accordance with that predicted for a grocund plane model in
which the reflection coefficients for vertical and horizontal
polarization are different (Reference 1). However, the measure-
ment error which results from the demonstrated amount of deterio-
ration should be small compared to the normal-awplitude, near-
field error in the vertical plane (Reference 3).

Stability

The circular polarization experiment performed at the RAT
SCAT Site was designed to obtain informaticn concerning the time
stability of system parameters - notably, the frequency parameter.
A small change in frequency activates a change in the electric
p:th length in both channels, and unless H and V channel path
lengths are identical, there is a resultant change in relative
phase difference between the channels. Also, the 8sensitivity of
the RF network components to small frequency changes may produce
the same effect. The change in relative phase, 35, as a function
of path length difference, AR , and frequency shift, A{ , is
given by

14
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Af AR (27)
- (@)

Ad =

At 2955 megacycles, for example, with a 10-foot difference in
path lengths, the frequency must be stable to 1/6 part in a thous-
and in order to limit relative phase changes to less than 2 de-
grees. It can be seen from this example that care must be taken
to control the physical path lengths of the antenna cables of
both channels unless ultrastable signal generators are used.
Measurements of cable lengths indicated that the path length dif-
ference in the test setup was less than 5 feet.

The “ime required to complete the field probe for this test
series was considered sufficient to provide an indication of po-
tential frequency stability problemns. The last measurement, made
with the sphere 8 feet above ground level in the center of the
rotator, indicated a phase shift of less than one degree. This
measurement was made approximately two hours after the system was
calibrated. In addition to the prescribed measurements, the next
morning the equipment was turned on and allowed to warm up. The
return from the sphere was then measured without changing the
equipment settings from those used the previous night. Under these
test conditions, the difference betweer. measurements for (TRC, RRC)
and (TRC, RLC) indicated that less than & two-degree phase shift
occurred between the vertical and horizontal channels. It can be
seen from Equation 4 that, for an assumed 5-foot path length dif-
ference, the corresponding frequency shift was approximatei; 1/3
part in 1000. This degree of frequency stability is within the
limits of RAT SCAT equipment frequency variation.

Summary

The results of the circular polarization experiment were in
general the same as those thecretically predicted by considering
an ideal ground plane model (References 1 and 2). The size of
the useful target region is approximately the same when circular
polarization is as that obtained when linear polarization is used,
that is, the amplitude curvature in the vertical plane appears
to be the limiting factor in both cases (Reference 3). The cali-
bration procedure designed for the RAT SCAT facility proved to
be quite satisfactory. Because of the frequency (approximately
] gigacycles) used in the demonstration, conclusions regarding
equipment stability and ground plane model should be reasonably
valid for range operation at Bands &4 through 7 (1 through 10
gigacycles). The only modification of the existing RAT SCAT equip-
m2nt which appears mandatory to achieve results similar to those

17




presented in this report is the addition of a continuously vari-
able attenuator in series with or in lieu of the step attenuators

presently in the polarization boxes (actually only one channel,
either V or H, need be modified).

18




SECTION 3

LINEAR SCATTERING MATRIX MEASUREMENTS

General

Unlike circular polarization, phase and intensity curvature
is not the primary factor in the measurement of linear scattering
matrices. Here isolation between channels is the acme of the
problem since scattering matrix cross terms of many targets are
down 10 to 20 db or more from main diagonal elements and, if the
isolation is not significantly lower, much of the measured cross
term signal will simply be an attenuated main diagonal return.

Another problem peculiar to measuring scattering matrices
is that the phase, at least the relative phase, between elements
of the matrix must be obtained. Various operational means of
measuring phase continuously for 360 degrees of azimuthal rotation
are delineated in a following subsection; but for the test pro-
gram reperted herein, such equipment was not available. Instead
a calibrated RF phase shifter was used. This setup permitted no
more than point-by-point phase measurements; consequently, a
sample of only eight azimuth angles was taken for demonstration
purposes.

A four-inch diameter, l4-inch long cylinder constructed of
chicken wire was mounted on a Styrofoam column for uce as a tar-
get (see Figure 3-1). At zero degree azimuth it was canted for-
ward approximately 45 degrees. Chicken wire was utilized because
its depolarization properties resulted in scattering matrix cross
terms of appreciable size. Three amplitude and two relative phase
measurements were made on this target to obtain the information
necessary to determine the scattering matrix. Since vertical and
horizontal linear polarizations were used as basic elements, the
following amplitude measurements were required: (TH, RH); (TV,
RV); and (TH, RV); (TV, RH). The two required relative phases
are byy- dyy and byp - byy. Both (TH, RV) and (TV, RH) are
necessary for calibration purposes.

In order to demonstrate the magnitudes of the measurement
errors (T 7#/4, R 7/4), measurements were taken and compared
egainst values calculated vie the scattering matrix.

Calibration Procedure

Equipment modificetions were necessary in order to make

19
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Fig. 3-1 TARGET USED FOR SCATTERING MATRIX EXPERIMENT

20




relative phase measurements with acceptable accuracy.

The modifications included replacing an existing RF. uncali-
brated phase shifter with anR.F.phase shifter having a calibrated
vernier scale. In addition, continuously variable attenuators
were used instead of the step attenuators normally employed. The
phase measuring network is depicted in Figure 3-2.

Calibration

Calibration was similar to that performed in setting up cir-
culer polarization. The rotating horn, fed by a signal generator
and pulsed by the transmitter sync pulse, was mounted so that lin-
ear polarizations emanated from the target point. This time, how-
ever, only four fixed rotational positions of the horn were used.
These positions, determined with an inclinometer were H, V, 7/4,
and - 7/4. After proper adjustment of the variable attenuators
and/or phase shifters in each network, the transmitter and re-
ceiver chains were compensated to transmit or receive each of the
above polarizations. The following procedure was used in estab-
lishing the calibration:

1. The fixed positions of the rotating horn are determined
with an inclinometer. Thus H, V, 7/4, and - 7 /4 linear
polarizations can be transmitted from the target point
upon demand.

2. The local oscillator of the receiver is manually tuned
to theR.F.signal of the pit-located signal generator,
plus or minus 60 megacycles.

3. While H and then V are received as transmitted from the
pit, the attenuators in compensating networks are adjusted
to obtain equal signal levels through the H and V legs
of the compensating networks. Both positions of the pol-
arization switch are then checked to see if the + 90-
degree hybrid influences the attenuator settings. 1If
such influence is present, different attenuator settings
are required as a function of the polarization switch.

4. The horn is then set to transmit - = /4 linear polariza-
tion, and phase shifters in compensating networks are
adjusted to obtain a null signal. Use of this procedure
results in the adjustment of the transmitter and receiver
to transmit or receive 7/4 linear polarization. The dial
settings of the phase shifters are then recorded.

21
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10.

11.

The horn is then set to transmit 7 /4 linear polariza-
tion, and phase shifters are adjusted to obtain a null
with the polarization cwitch set opposite to the position
used in Step 4. Use of this procedure results in the
adjustment of the transmitter and receiver to transmit

or receive - 7/4 linear polarization. (Note that the
attenuator settings found in Step 3 for the distinct
positions of the polarization switch should be used.)

The signal generator is removed from the pit and replaced
with a calibration sphere. The transmitter is then con-
nected to the transmitter compensation network. The
transmitter frequency is manvally tuned to the local
oscillator, plus or minus 60 megacycles, depending on

the setting used during calibration. Use of this pro-
cedure results in the transfer of the calibration trans-
mitter frequency to the operating ¢ransmitter.

(T n/4, R7/4) and (T /4, R - 7/4) are recorded. 1If
it is assumed that the frequency of operation is the

same as that used in calibration, these two plots should
differ considerably; the amount of difference will depenu
on the isolation. To account for small frequerncy changes,
the phase shifters in the two networks may need adjust-
ing to achieve a sharper null fer the condition

(T /4, R - w/4). However, the attenuators should not
be changed since nulls can be attained at any two ortho-
gonal linear polarizations.

Step 7 is then repeated for the conditions

(T-=/r, R-7/4) and (T - 7/4, R 7/4) by using the
polarization switches. This step is necessary since the
calibrated phase shifter used in the relative phase meas-
urements only covers a 190-degree range. Hence the

shift of the + 90-degree hybrid is used to extend the
range.

The system is calibrated by measuring the sphere fur
(T 7/4, R 7/4).

The target is mounted and the cross section recorded for
(T 7/4, R7™/4).

Relative phases (dPHH - PHy) and (dyy - Hyy) are determin~d
for 0, 24, 48, 72, 96 132, 156, and 180 degree azimuth
angles.
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(This task is accomplished by transmitting H (or V) and
receiving /Oy and /Ry (or YOyy and yTyg in the ortho-
gonal receiving channels, where\/Tapis cross section return
under condition (Ta, RB). Then, the phase shift neces-
sary to minimize the sum of the two received signals is
recorded (see Figure 3-1). The following relation can

be used to show sufficiency of this technique:

2
= THH + OHV +2 \/“ml THY cos(®HH - PHV)

(5)

for the case corresponding to transmit H. Thus, the
amount of phase shift necessary to minimize the sum of
the received signals is the amount needed for oHH to
equal ¢HV + 7, and is oHH - 6HV + 7. Increased accuracy
in phase measurements is made possible by attenuating
V“HH (oryoVV) to equal|{oHV and thereby balancing the right
side of Equation 5 so that Oy + /Oy goes to zero as
ogH - PHVY (or dyyv - dvil) approaches =. Thus a very sharp
null is always available for setting the phase shifter
vernier. The amount of phase shift introduced by the at-
tenuators was checked and found to be negligible. (Nomi-
nally less than 3 degrees over a 10-db dynamic range.)

Voru tyonv

12. The phase measuring network is then removed, and target
cross sections?yy, O yH, “HH and “Hv are recorded. (Cali-

bration of the plots of “yH and Oy 18 covered in Refer-
ence 1.)

Measired Data

Table 3-1 contains a list of the type of amplitude measure-
ment versus figure number. Table 3-2 contains a list of (1)
measured values for both types of phase taken at each of the eight

azimuth points chosen and (2) corresponding amplitudes for each
transmitter-receiver configuration.

Table 3-1 SCATTERING MATRIX AMPLITUDE MEASUREMENTS

Transmit Receive Figure No.
H H 3-3
\J v 3-4
H \ 3-5
v H 3-6
ug m/4 3-7
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Table 3-2 SCATTERING MATRIX PHASE AND
AMPLITUDE MEASURED VALUES

Azimuth ogu-dgy dyy-dyy Ty THH TVH Trlh, T
(degrees) (dbsm)

0 54 175.5 -29.4 -31.7 -30.9 -37.8
24 -69.5 -112 ~29.3 -17.9 -30.6 -21.4
48 114 85 -23.7 -29.2 -19.9 -19.2
72 133.5 61.5 -25.1 -32.8 -25.9 -22.8
96 39.5 78.5 -11.2 - 7.3 -11.5 - 5.2
132 44 -86 -20.0 -23.8 -29.7 -22.5
156 192.5 201 -21.0 -22.1 -26.8 -24.0
180 -108 -110 -24.0 -20.5 -33.5 -20.8

Comparison of Measured Data
With Theoretical Data

Comparison of Figures 3-5 and 3-6, which correspond to
(TH, RV) and (TV, RH), give a clear indication of the accuracies
obtained in measuring cross term amplitudes. Since (TV, RV) and
(TH, RH) plots differ radically, there is no doubt as to the
authenticity of the cross term plots, i.e., they are not atten-
uated main diagonal returns, which agree simply because the m&in
diagonal terms agree. The data in Figures 3-5 and 3-6 indicate
that errors in measuring the cross terms are nearly everywhere
less than 1/2 db. The size of these errors, along with nominal
10-db separation between cross terms and main diagonal returns,
indicates better than 30-db isolation. The amount of isolation
possible is, of course, dependent on several factors. The funda-
mental limitations stem from the antenna and feed designs and
their combination along with the depolarization properties of the
ground plane. Aside from these factors, the space orientation
of the transmitter and receiver antennas, and terminating imped-
ances for unused feeds, are primary isolation parameters. The
isolation achieved in the circular polarization experiment indi-
cates that, with proper spacial orientation and terminating im-
pedances, the antenna system operating at the frequency used dur-
ing the experiment is capable of close to 40 db of isclstion.

Although the problem of measuring cross term amplitudes was
surmounted during this test series, there remain relative phase
measurement errors which must be considered. An esfimate of phase
measurement accuracies will result from comparing the data shown
in Figure 3-7 with calculated values. Table 3-3 contains a list
of measured values, calculated values, and the total measurement
error for each of the eight azimuth points. The calculated
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values corresponding to (T 7/4, R 7/4) were obtained by use of
the relation presented in Reference 2:

fo AN 7 2

HH
(T,”/'a’w/a - —-—Z——— + (Tva + VO'W(TVH cos((bw-¢vu)

*+ Ty cosGyy-buy) * 5 TyyThy cosbyy-dyy)  (6)

In order to estimate phase measurement accuracies, suppose
the error in éyy - ¢y is identical to the error in dyy - dyy and
that amplitudes were measured without errors. It then follows
that the magnitude of the error in phase Ad is given by

| 26| ¢ Onf4 ml4 (A- 1) %D
| Vo S twy) ¥ Voveun STty v

where ) is the error listed in Table 3.3. It is seen in Table
3-4 that the phase errors A¢ are generally less than 10 degrees.

Table 3-3 CALCULATED VERSUS MEASURED
CROSS SECTION

Azimuth Measured® Calculated Measurement
(degrees) “n/4,7m/4 Tnlg w4 Error
(dbsm) (dbﬁm{ A
(db)
0 -37.8 -35.7 +2.1
24 -21.4 -20.6 +0.8
48 -19.2 -18.6 +0.6
72 -22.8 -22.4 +0.4
96 - 5.2 - 4.8 +0.4
132 -22.5 -22.1 +0.4
156 -24.0 -24.2 -0.2
180 -20.8 -21.1 -0.3

* cf. Table 3-2
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Table 3-4 PHASE MEASURFMENT ERROR

Az imuth Phase Error
(degrees) Ad
0 « 10
24 16.8
48 8.1
72 6.1
96 8.7
132 8.9
156 1.3
180 8.6

Comparison of Tables 3.4 and 3.3, sizes of phase error A¢,
and magnitudes of the total measurement error ), indicates that
scattering matrix measurements are feasible at RAT SCAT by using
the relative phase technique. However, the procedure outlined

in this report is time consuming and is not recommended as an
operational procedure.

Automated Scattering Matrix Measurements

Although the method for obtaining the scattering matrix as
previously outlined in this section may be used in each of Bands
1 through 7 with only slight modifications of existing equipment,
the procedure is extremely time consuming. Two automated meas-
urement procedures could be used in conjunction with RAT SCAT
equipment. The techniques will be referred to as the absolute
phase and relative phase techniques. An absolute phase measur-
ing system is presently available in Band 4 (1 to 2 gigacycles).

Automated Relative Phase Measurcuents

The relative phase technique can be implemented in the form
of an automated system with which the relative phase angles
dHn - by, Pyv - dyy and ¢y - dyy (in case Tyy = 0) can be re-
corded continuously in azimuth. The system presented in this re-
port was proposed to RADC in 1963 by General Dynamics/Fort Worth.
A block diagram of the relative phase measuring system is pre-
sented in Figure 3-8. In the proposed scheme, phase measuring
is accomplished at the IF level instead of at the RF level, as

in the experimental measurements discussed earlier. This approach

allowe a single calibrated phase shifter to be used independently
of the R.F. frequency of operation. In the measurement scheme,
the relative phase of the twc orthogonal signals from the target
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is compared with the relative phase produced by a 60-megacycle
reference signal fed into the orthogonal channels. Any differ-
ence between the two relative phases produces an error signal
which is used to drive a reference phase shifter (¢ shaft in
Figure 3-8) to produce a relative phase between the two reference
channels which is in phase with the relative ph&se between the
two signals from the target. The shaft of the reference phase
shifter is then used to derive an analog voltage proportional to
the relative phase between the two signals from the target. In
one leg of the reference phase system, a phase shifter is included
to adjust the reference phase between the two channels for cali-
bration purposes. Note that in the system indicated in Figure
3-8 the relative magnitudes between the two target signals is
equalized by AGC in each channel. This technique is used to re-
place the R.F. attenuators used for this purpose in the experi-
mental demonstretion. One of the primary advantages of the pro-
posed relative phase technique is that the target signal phase
and reference signal phase are both operated on by the same cir-
cuitry; consequently, measurement errors due to system drift and
nonlinearity are reduced. Also, use of the relative phase tech-
nique results in relaxing the requirements for the frequency
stability necessary in all absolute phase measurement systems.
The cross section of the target return in each channel can be
recorded in the normal procedure used at RAT SCAT by using the
signals available from the sigma servo shafts (noted by o;, shaft
and 79 shaft in Figure 3-8). By using the system described above,
the scattering matrix of a target can be obtained with & maximum
of only three azimuth rotations and a minimum of one rotation.
Three recorders are necessary, in general, two for recording
cross section and one for recording relative phase. For the case
where the target does not depolarize, only one rotation is neces-
sary, and the necess&ry measurement is accomplished by setting
the transmitter for w/4 polarization.

Automated Absolute Phase Measurements

The absolute phase technique can be implemented in the form
of an automated system with which the absolute phase angles dyy,
¢vv, andfhvn can be determined within a constant. The im-
portant difference between the absolute phase measuring system
and relative plh.ase meesuring system is that the R.F. phase refer-
ence in the absolute phase measuring system is located twice the
distance to the target from the ph&ses to be measured. Hence
radial target movement and R.F. frequency stability become im-
portant error factors not present in the relative phase measure-
ment system. A block diagram of the absolute phase measuring
system installed at RAT SCAT by General Dynamics/Fort Worth is
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presented in Figuze 3-9. It can be seen that the primary differ-
ence between the system represented in Figure 3-8 and that rep-
resented in Figure 3-9 is the frequency stabilization units neces-
sary in the absoluts phase measuring system. The phase measure-
ment is still accomplished at the IF level in the manner described
under Automated Relative Phase Measurements. When the absolute
phase technique {s used, the information required for the linear
scattering matrix can be gathered with a maximum of three target
rotetions. However, the minimum cf two is usually required. Two
recorders, one for phase and one for cross section are required
for each target rotation.

The primary advantage of the absolute phase technique is in
the elimination of the time-consuming calibration procedure neces-
sary with the relative phase technique. At the time this report
was written, absolute phase measurements could be made at the RAT
SCAT Site in Band 4 only. However, as evidenced by the block dia-
grams in Figures 3-8 and 3-9, the main components of the phase
measurement system are common to all bands because the phase 1is
actually compared to the reference phase at the IF level. Hence
only & small amount of additional equipment is necessary to extend
the phase measuring capability to other bands.

Summary

The results of the scattering matrix experiment indicate
that the calibration procedure designed to calibrate a dual-chan-
nel antenna system is satisfactory. The process used for measur-
ing the relative phases between elements of the scattering matrix
gives satisfactory accuracy but would be unduly time consuming
from an operational stendpoint. Also, the procedure used would
require modifications to the existing equipment in the form of
calibrated phase shifters snd continuously variable attenuators.

From an operational point of view, the absolute phase meas-
uring system would be the most convenient. However, this tech-
nique is inherently the more inaccurate of the two techniques dis-
cussed. At the higher frequencies (Bands 6 and 7), the absolute
phase technique would probably become unacceptable because of
inaccuracies in phase measurements.

The isolation between the orthogonal polarizations (H and V)
sppears to be satisfactory in Band 5 for measuring cross terms at
least 10 db lower than the main diagonal returns with less than
a one-db error. These conditions indicate isolation on the order
of 30 db, which is better than the design specifications. (The
circular polarization experiment indicated = 40-db isolation is
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possible at this frequency with proper alignment.) However, the
isolation should be checked at each operating frequency before
scattering matrix measurements are attempted. To improve the
orthogonalty for R, V base system measurements, it is suggested
that the antennas or feeds be rotated tc provide the maximum
separation in the returns, ogy, Tyy (or oyy, oyy), from a sphere.

37




REFERENCES

An Analysis of the Polarization Capabilities of a Ground Plane
Range. Technical Documentary Report No. RADC-TDR-63-484.

An Analysis of the Scattering Matrix Measurecment Capabilities
of A Ground Plane Radar Cross Section Range. Technical Docu-

mentary Report No. RADC-TDR-64-317.

Investigation of Measurement Errors of the RAT SCAT Cross
Section Facility. Technical Documentary Keport No. RADC-TDR-

64-397.

39




&unty Classification
DOCUMENT CONTROL DATA - R&D

(Security clessilicotion .f title body of etstract and indexing snc/ar n mus! be entered when the overa'!i repcrt i < lassi! ed

' ORIGINAT S ACTHVIT te auth - REPORT R Tv '3 * -
Qo i s u rth 2e €EPO SEC . C .ass CAT CN
GhneFal BrsamlcaTHer Vo s

Fort Worth, Texas 76101

‘EXPERIMENTAL RESULTS OF CIRCULAR POLARIZATION AND SCATTERING MATRIX
MEASUREMENTS

4 DESCRIPTIVE NOTES 'Type of report end tnclusive detes)

FINAL

S AUTHOR'S, 'Last name first neme tnitiel)

Benn, Benjamin A.
Freeny, Charles C.

6 REPORT DATE Te *OTAL NO OF PAGES b NO OF mEFS

June 1964 44 3
88 CONTRACT CR GRANT NG 98 ORIGINATOR'S AEPCR™ NUMBER'S)
AF30(602)-2831

b PRosECT ne RADC-TDR- 64-380

6503
I3 95 OTHER REFPORT NO'S) fAny other numbere thet mey be see:gned
thie report)
, GD/FW ¥FZE-222-2

10 AVAILABILITY LIMITATION NOTI|CES

Qualified requesters may obtain copies of this report from DDC.

1* SUPPLEMENTARY NOTES 12 SPONSORING MILITARY ACTIVITY

LI Griffiss AFB NY 13442

“

12 ABSTRACT

This report contains a description of the results of experiments per-
formed at the RAT SCAT Site, a ground plane radar cross section ré&nge}
to examine the operational feasibility of measuring arbitrary targets
with circular polarization and, in addition, measuring linear scatter-
ing matrices.

A calibration procedure compatible with the RAT SCAT facility is pre-
sented. Elliptical polarization was used to facilitate the establish-
ment of circular polarization at the target point. Experimental data
is presented on the magnitude of polarization degradation as a functi&n
of target size and time.

Relative phase measurements along with the necessary amplitude meas-
urements, were used to determine the linear scattering matrix of a comF
plex target. Tinally, two annotated schemes compatible with present
RAT SCAT equipment for obtaining the linear scattering matrix are de-
scribed. This is the second of eight reports prepared under the RAT
SCAT R&D Program.

DD fo**,. 1473 UNCLASSIFIED

41 Secunty Classificahon




Security Classification

'e LINK A LinNK B - NK T
XKEY WORDS _-4,._A = e -
‘L._ AD L & ﬂ'__ﬂ#»fb.(_ wT RSk ~ __4
Circular Polarization
Scattering Mairix |
] }

1. ORIGINATING ACTIVITY: Enter the name and sddress
of the contractor, subcontractor, grentee. Department of De-
fense activity or other orgsnizatiun ‘corporate author) 1ssuing
the report.

2s. REPORT SECURITY CLASSIFICATION: Enter the over-
sll secunty classificetion of the report. Indicaie whether
‘‘Restricted Dats'’ 1s includad Marking ¢s to be 1n accord
ance with appropriate security regulations.

1b. GROUP: Automstic downgrssing is specified in DuD Di-
tective 5200.10 and Armed Forces Industris] Manus!l. Lnter
the group number. Also, when applicable show that optional
merkings have been used for Gruuy 3 and Group 4 as author-
1zed

3. REPORT TITLE Enter the complete report title in si!
—apital letters. Titles in all csses should be unclaasaified.
If a mesningful title cannot be selected without cleesifica-
tion, show title clsssification in al! cepitals in parenthesis
:mmediately following the title.

4. DESCRIPTIVE NOTES: If appropriste, enter the type of
report, e.g., 1nterim, progress, summary, annual, or final.
Give the inclusive dstes when s specific reporting period is
cuvered,

5. AUTHOR(S) Enrter the nsme(s) of authcr(s) as shown on
or in the report. Fater 'ast name, first name, middle initi1al.
If malitsry, show rank and brsnch of service. The name of

ihe prind.pa! « 'thor ,« #n absolute minimum requrement,

6. REPORT DATZ Enter the date of the report as day,
month, vear, or muonth, year. !f more than one date appears
on the report, use date of publication.

7a. TOTAL NUMBER OF PAGES. The total page count
should follow normal paginstion procedures. 1.2, enter the
numher of pages contsining information,

7. NUMBER Or REFEKENCES Enter the total number of
references cite] in the report,

Ra. (ONTIRACT Ok GRANT NUMBERF  If appropriate, enter
the wpp!ic able number o the contract v grant under which
the niport was ~ritten

“hoa, ¥ B PROJLCT NUMPERR. bnter the wppivpriate
valittry department identif.~ation, such as project number,
cubproject number, system nunbers, task number, etc.

9 ORIGINATOR'S REPORT NUMBER:S). Enter the offi-
vl report gomber by which the document will be 1dentifted
~nd controlled by the originsting activity. This number must

Yeunigde 0o thas reporr,

9y OTHLE REVORTD NUMBLER 5) 1t the repoart has been
wsgiened any oaber reoert aumbeees Sopther Ly the ori@inator
or by 1the spant or,  Jlwo @nter triN nunt e,

10, AVAILATULITY LIMITATION NOTICEFS  Futer any him-
Hatiens on fwiner - seminati n of the rep rt other than those

|
|
|

INSTRUCTIONS

imposed by security classificat:on, using standard stateTents
such ss:

1) “"Qual:fied regquesters may oblain copies of this
report frem DG

() "Foreign announcement and disseminati. n f this
report by DDC 1s not authorized.*’

(3, **U. S Government agencies may oblain copies _f
this repeort directly from DDC. Other qualified DDC
users shall request through

(4, *'U. S mulitary agen.ies may oMian o opres ot this
report directly from DD{. Other qualified users
shall request through

(8) ‘*All distnibutin f this report 1s controlled Qual-

1fied DDC users shall request through

X]

If the repont has been furmished to the Office of Te. hnical
Servic es, Department 1 {ummerce. for saie t. BECE It
cote thus fa! and enter the price, if known

11, SUPPLEMENTARY NOTES' Use tor 2.t ntional explana-
tory notes.

12. SPONSORING MILITARY ACTIVITY Frier the name of
the departmenta! project otlice or laboratery sponsoring 5 sy~
ing for; the research and development. Include address.

13 ABSTRACT. Enter an abstract giving o bricf and fa« tual
summary f the do.ument in:dicative of tie report cuen *h ugn
1t may also appear elsewhere in the body of the '~ hnica!l re
port  If additional spa. ¢ 1s required a sher shagd
be @ttached

the ~ bty

NTiNeatl 0

1t 1s highly des.rahle that the abstract of clas~itied rej rts
te unciassified FEach paragraph o f tne abs'racr <hall end with
an indication of the mihitarny ceonrity . lassificativy of the oo

formation in the paragraph oy onted g0 T o ot
There 1~ no himitation Hn the ten, h of the bsrract How

oy the syt Ly [RERETINE SN LA I S

1Y KEY WURDS  Ray weods are "echonoully © caringlal terns

vt short phraces tnat characterize a report and mayv he sed as
index entries for cutal report Key wor is must he
seledted wifr atien s rogoared ldent
lier.. such o, equipment mode ! iceynation, trad. name, military
project o ode na oy prephis Locatnon, raay be sl as key
words but wall he o0 wed by an indication f 10 hmecal con-
text  The assignment < f link and we e ‘prional

Vg the

that noo - off O

rales

42

_UNCLASSIFIED

Security Classification




