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SUMMARY

A technique for obtaining orthogonal velocity components from nonorthogonal
measurements using the NASA Ames Research Center Long-Range Laser Velocimeter (LRLV)
is briefly discussed. A description is then presented of the error that occurs when
these nonorthogonal measurements are spatially noncoincident because of positioning
inaccuracies, and equations are developed for predicting this error. Sample data
are presented and a prediction of the expected error for two typical applications is
made. To cover other cases in general, a parametric study is conducted and the
results are presented in a tabular format.

INTRODUCTION

A laser velocimeter system is under development that has been designed for use
in the 40- by 80-Foot and 80- by 120-Foot Wind Tunnels. The instrument, referred to
as the Long-Range Laser Velocimeter (LRLV), performs its measurement function from
within the wind tunnel test section, as shown 1in figure 1. The system is powered by
an 18-W argon laser that is operated in the single-color mode to produce up to 9 W
of power at 514.5 nm and is configured for use in the dual-beam mode of operation
with coaxial backscatter receiving. Two components of velocity are measured,
although not simultaneously, by rotating the single-color, dual-beam pattern through
90° using an optical-mechanical rotation device. A detailed description of the
system can be found in references 1 and 2.

A technique for obtaining orthogonal velocity components from nonorthogonal
measurements has been developed and is also discussed in references 1 and 2. This
technique requires that a velocity measurement be made at a particular point in the
flow field from two different lateral locations of the velocimeter. Two velocity
components at the measurement location are thereby obtained that are, in general,
not orthogonal to one another or parallel to the directions of the reference coordi-
nate axes. A coordinate transformation technique is then used to calculate the
orthogonal velocity components of interest from these coupled measurements.

The accuracy of this technique depends not only on the measurement accuracy of
the velocity components themselves, magnitude as well as direction, but also on the
accuracy with which the second measurement location can successfully be positioned
to achieve coincidence with the first. A&n uncertainty in positioning which inter-
feres with the ability to achieve this coincidence naturally affects the accuracy of



the calculated orthogonmal components; the present study was undertaken ta develop a
method of estimating this error as a function of coincidence accuracy.

COUPLED MEASUREMENT TECHNIQUE

The technique of obtaining orthogonal veloecity components from nonorthogonal
measurements is presented in detail in references 1 and 2 and is described only
briefly here. A velocity measurement is made at a selected point in the flow field
from a particular lateral position of the LRLV, as shown in figure 2. The velocity
component measured from this first location of the LRLV is denoted by the symbol
Vm1' This component is inclined from the horizontal by the tilt angle a4 and lies

in the measurement plane, the plane formed by the measured component itself and the
optical axis of the LRLV. A second velocity component, denoted sz, 1s measured

from a position of the LRLV that is offset laterally from the first and also lies in
the measurement plane, inclined from the horizontal by the angle as. The ortho-
gonal components of interest, V and W, are obtained from these measurements using
the transformations equations

v sina, - V sina
m1 2 m2 1
sm(u2 - a1)

Vm coscx2 - Vm cosa
1 2

cos(a2 - a1)

1

with

. x(f1 - fD)
m, - 2 sing,/2
1 1
v i x(f‘2 - fd)
m, 2 sin82/2

where fy and f, are the Doppler frequencies measured by the LRLV; f}; is the
offset frequency; and the angles a4, ay, By, and B, are defined in figure 2.



The statistical and systematic uncertainties associated with making this
velocity transformation are discussed in the cited references. These uncertainties
can be attributed to the 1inherent inaccuracies that are associated with measuring
the parameters f4, f,, 84, By, a4, and ay, and also the statistical uncertainties
that are incurred owing to the sampling nature of laser-velocimeter signal
processing (refs. 3 and 4).

In the uncertainty analysis of the cited references, the uncertainty contribu-
tion which arises when positioning inaccuracies occur 1s neglected, and perfect
coineidence of the measurement locations is not achieved. The validity of the
transformation technique requires that the components Vm‘I and Vm2 be measured at

precisely the same location in the flow, since the assumption is made that they are
components of the same total-velocity vector projection in the measurement plane.
This assumption is not completely correct when positioning 1inaccuracies interfere
Wwith the attainment of coincidence. To fully estimate the uncertainty associated
Wwith this measurement technique, it is necessary to include this contribution.
Therefore, it is necessary to estimate the uncertainty that 1s incurred for various
amounts of test-point misalignment, the distance by which the measurement locations
are separated.

ERROR ANALYSIS FOR NONCOINCIDENT MEASUREMENTS

If we consider selecting a coordinate system p, q, and r, as shown in
figure 3(a), where the angle 3 defines the direction of the r-axis in the
p,q plane. Then consider orienting this coordinate system such that the p,q plane
1s coplaner with the measurement plane, and the p-axis 1s aligned with the total-
velocity vector projection i1n the measurement plane. Let the origin be designated
as point 1, and let the velocity magnitude u equal unity. If a velocity
measurement is made at point 1, the measured component of u 1s represented by the
component Vm1 (see fig. 3(b)), the direction of which 1s defined by the angle y,.

Following the procedure for obtaining orthogonal velocity components from
nonorthogonal measurements, a second veloclty measurement 1s made, as shown in
figure 4, the direction of which 1s defined by the angle Yo. The location of this
measurement defines the position of point 2, which is shown displaced a distance
Ar from point 1 to account for the error that is incurred in achieving coincidence.

The velocity at point 2 1is, in general, not equal to the velocity at point 1,
This distinction 1s made and 1s shown 1in figure 4, where the symbols u' and o'
are used to denote the velocity magnitude and direction, respectively, at point 2.

To graphically illustrate the error that propagates to the resultant velocity
for the measurements shown in figure 4, consider the diagram of figure 5(a). Shown
in this figure are the velocity vectors u and u' which have been placed at a



common origin to aid in the 1llustration. The measured velocity components Vm1

and Vm ' are also shown, where Vm1 1s the measured component of the vector u,

and V, ' is the measured component of the vector u'. Also shown, for the purpose

of comparison, 1s the component sz, which represents the measurement of velocity

that would be made at point 2 for zero misalignment (point 2 coincident with
point 1). Clearly illustrated is the difference between the components sz and

V. ', which is the source of the error. If the resultant velocity vector having

M2
these components is included in the diagram and denoted by the symbol u,, as shown
in figure 5(b), it does not equal the true velocity vector u, but deviates by the
angle 8. Therefore, the error that can be attributed to the misalignment 1s the
difference between the magnitude and the direction of the vectors u and Ug.

The misalignment error can be expressed quantitatively making use of the trans-
formation equations, rewritten for use with the p,q-coordinate system. The error
in velocity magnitude, expressed as a relative error is given by

u
e
6 = tan| —4
e ug
p
where Ug and u, are the components of the ue-vector along the p- and g-axes,
p q

respectively. These components are given by the equations

- ! i
Vm 31nY2 Vm smy1

u = 1 2
ep 51n(72 - 71)
1]
. sz cosy, - Vm cosy,
u_ = -
€ sin(y, - v4)

where the measured components Vm1 and Vm2' and given by



Vm1 = cosY1

v ' =u' cos(y2 -98')

and the values of the variables u' and 6' are given by

To use these equations to estimate the misalignment errors, Au/u and L for
a particular value of Ar, it 1s necessary to estimate the values of the partial
derivatives 3u/3r and 236/3r. These values depend not only on the choice of
position 1n a particular flow, but also on the direction selected for the r-axis.
Since a worst-case estimate of the error values is normally desired, a position and
direction should be selected to maximize the values of the partial derivatives.

Notice that the angle 3 does not appear in any of the equations. Its value is
important for determining the values of the partial derivatives only and 1s ignored
for the remainder of the calculation. This implies that any arbitrary combination
of values 3u/3r, 2368/3r, and Ar that equate to values of u' that are equal and
values of 9' that are equal, must also yield misalignment error values that are
equal.

APPLICATION OF ERROR-PREDICTION TECHNIQUE

Flow survey measurements taken with the LRLV, using the direct measurement
method rather than the coupled method, are presented in figures 6 and 7 to serve as
sample data for use in the estimation of the error parameters 4Au/u and 8o. The
surveys of figure 6(a) were taken in the open-circuit exhaust flow of a one-
fiftieth-scale model of the 80- by 120-Foot Wind Tunnel, while the survey shown in
figure T7(a) is one of many vertical surveys taken upstream of a one-fifteenth-scale
model of the 80- by 120-Foot Wind Tunnel inlet. In figure 6(b), the data of the
exhaust survey taken at 0.20 m from the exit plane of the model are shown plotted as
a function of survey distance. Similarly the data of inlet survey, also plotted as
a function of survey distance, are shown in figure 7(b).

To proceed with the estimation of the error parameters, the values of the
partial derivatives must be estimated. Since the available survey data are limited,
the direction of the r-axis is chosen to coincide with the survey direction. Admit-
tedly, this choice may not yield the absolute worst-case misalignment error for a
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particular point on the survey line, but it certainly provides a usable estimate.
For this choice, the partial derivatives become simply the slopes of the curves and
are calculated in figures 6(b) and 7(b) at the points shown.

Presented in table 1 are misalignment errors obtained using the estimates of
the partial derivatives at misalignment distances of 0.5 em, 1 em, and 2 cm,
respectively, assuming a coupling angle of 40° and an angle vy, of 20°.

The values presented in this table show that, for the inlet flow, relatively
large misalignment distance can be tolerated along this survey, at least at the
specified coupling angle and Y1, Without incurring significant misalignment
errors. For point 1 of the exhaust flow, on the other hand, the values in the table
indicate that, even at the 0.5 cm misalignment distance, errors in velocity
direction are quite large. Since a misalignment tolerance much less than 0.5 cm
cannot be attained at the extended operating ranges of the LRLV, measurements using
the coupled technique cannot successfully be made in the presence of the velocity
gradient at that location 1in the flow. At point 2 of the exhaust flow survey,
however, where the velocity and direction gradients are not quite as steep,
misalignment errors are again within reasonable limits, although they are not quite
as low as those for the inlet survey.

To study the behavior of the error for other values of coupling angle and Y9
the parameters 4u/u and @, are plotted versus y; in figures 8(a) and 8(b) for
various values of coupling angle, using the partial derivative estimates of
figure 7(b) and a misalignment distance of 1 em. Several important points should be
noted. First, the misalignment errors oscillate as a function of yy at a period
of 180° because of the simple trigonometric functions that appear in the equa-
tions. This behavior is not surprising since, as the value of Y, 1is varied while
the other parameters are held constant, only the geometry of the vector diagram
changes. Secondly, distinct values of Yy occur at which Au/u and 8o do not
appear to change with coupling angle. This observation is confirmed when Au/u
and 6, are plotted versus coupling angle for the specific node values of vy,
obtained from figure 8.

Note also that while the error values are independent of coupling angle at the
nodes themselves, the errors are also not significantly affected by changes in
coupling angle near these node values, especially in the regions that are formed
between two nodes that are close to each other. To minimize the influence of
coupling angle on the values of Au/u and 8,, measurements could be taken at
values of Y9 within these ranges. This is not a practical solution, however,
because the value of Yy 1s not easy to control. An alternate approach might be to
maintain coupling angle, a parameter that is easier to control, in the range between
60 to 90°. For this approach, the misalignment errors oscillate between +1.5%
to -0.3% for Au/u and between +0.3 to -0.7° for 8o, according to figure 8.

To expand this analysis to cover cases more general than those presented here,
it is necessary to examine the behavior of Au/u and 8, at other values of
du/3ar and 3e/3r. It might appear promising to select a node value of vyq and
plot a family of curves for which Au/u and 8, are plotted versus Ju/3r and



also for various values of 236/3r, while coupling angle and Ar are held

constant. Unfortunately, it 1s not possible to isolate the influence of either
u/dr or 38/3r from the influence of y; or coupling angle because, as the
values of 3u/3r and 388/3r are varied, node locations that are common between
sets of curves no longer occur. It must therefore be concluded that, although a
parametric study can be conducted, too many interdependent variables are present to
permit a graphical display of the results. However, a tabular presentation 1is
feasible and the results are presented in the tables of appendix A.

CONCLUDING REMARKS

The equations developed 1in this memorandum provide a means for estimating the
errors that can occur when two nonorthogonal measurements are made that are not
exactly coincident. Although some prior knowledge of the flow field 1s required to
calculate the values of the partial derivatives 3u/ar and 236/3r exactly, a
reasonable worst-case estimate can be obtained by estimating the largest values of
du/3r and 2368/3r that are expected to occur where measurements are taken in the
flow.

A parametric study was conducted using the equations that were developed 1in
this memorandum, and the results are presented tabularly in appendix A.
Unfortunately, the number of parameters affecting the final values of Au/u and
8 1S too large for graphical presentation in a format which covers all cases 1in
general. However, specific sample cases are presented in addition to the tabular
data to provide typical results for graphic presentation. The misalignment errors
Au/u and 8, are found to oscillate sinusiodally when plotted as a function of
Y1, @ behavior that 1s expected because of the geometry of the problem. For
example, for a nominal misalignment of 1 cm 1n the inlet flow, the misalignment
errors are predicted not to exceed +1% and +1° for Au/u and 8oy respectively,
when measurements are made at coupling angles between 60 and 90°. For other cases,
1n general, an estimate of Au/u and 6, can be obtained from the equations
themselves or from the tables of appendix A.



APPENDIX A

A parametric study was conducted using equations 1 and 2 to determine the
effect of the parameters Ar, coupling angle, Yq1r 3u/3r, and 38/3r on the misalign-
ment errors Au/u and Bas and the results are presented in the tables of this
appendix.

The tables are organized into three main subgroups, tables A1 through A3, each
for misalignment distances of 0.5 cm, 1 cm, and 3 cm, respectively. In each
subgroup, calculations are made for various values of 3a/3r, 36/3r, coupling angle,
and yq. Because the misalignment errors exhibit sinusiodal oscillatory behavior
with vy4, as shown 1in figure 8, only the largest positive and largest negative
values are presented for each coupling angle. Each table entry therefore consists
of a pair of values that represent a worst-case upper and lower limit of each error
value.

Within each subgroup, the tables are organized into subtables. The first
subtable contains the Au/u misalignment errors (magnitude) for various coupling
angles and 3u/3r values; the second subtable contains the corresponding 0
misalignment errors (angular). Two values appear in each table entry, representing
the upper and lower limits of the oscillation due to Y¢, and each page within each
of the three subgroups presents calculations for a different value of 36/3r.

The procedure for determining the worst-case misalignment error at a particular
coupling angle consists of three steps. First, the appropriate table, A1 through
A3, is selected, depending on the desired value of Ar, the misalignment distance.
(This value is not necessarily determined solely by the LRLV positioning
resolutions, presented in references 1 or 2, but depends also on the additional
positioning uncertainty introduced by the vibration of the instrument, which has not
yet been determined at this writing.) Next, the appropriate page within the
selected table is located by searching for the desired 36/3r value. Finally, the
worst-case error limits are located at the specific coupling angle and 3u/3r value
of interest.



TABLE I.--MISALIGNMENT ERRORSAu/u and 6, FOR THE INLET FLOW AND EXHAUST

FLOW OF FIGURES 6 AND 7.

Misalignment Inlet flow Exhaust flow Exhaust flow
Distance (Point 1) (Point 2)
Ar du/u 8, Au/u 8o du/u 8,
0.5 em 0.17% - 0.27 1.1% 42 1.7% -2.4
1 0.35 - 0.55 46 o7 35 -4.8
2 0.73 - 1.1 190 -89 7.8 -9.3




Table Al1.- Variation of magnitude error and angular error with coupling angle,
39/3r for Ar = 0.5 cm.

au/ar, and

MAGNITUDE ERROR, X

(38/0r = 1.000 deg/m)
du/ar COUPLING ANGLE (deq)
{(1/sec) 30 45 E@ 90 120 150
0.5 3.68E-001 2.97E-001 2.67E-0@1 2.50E-001 2.72E-001 3.83E-001
-1,32E-201 | ~5.59E~@@2 | -2.18E-Q02 3.83E-0@7 | -1.68E-002 | -1.17E-001
1.0 7.43E-001 5.99E-001 5.36E-001 5.00E-001 G5.41E-001 7.59E-001
-2 G7E-0Qt | -1.Q7E-0Q01 |} -4.11E-0Q02 3.85E-Q07 | ~3.61E-002 | -2.42E-001
3.0 2.25E+000 1.81E+0@0 1 .61E+000 t .50E+200 1.62E+000 2.27E+Q00
~-7.48E-00t | -3.09E-201 | -1.1BE~00! 3.92E-007 | -1.13E-001 | -7.34E-001
6.0 4 ,52E+000 3.62E+000 3.23E4+000 3.060E+000 3.24E+000 4 .54E+000
-1.47E+000 | -6.09E-0B1 | -2.31E-001 4.Q04E-007 | ~2.2BE-001 | -1.4BE+000
9.0 6.81E+000 5.45E+0Q00 4 .85E+000 4 .50E+000 4 ,.86E+0QQ 65.83E+000
-2.1BE+000 | -9.05E-001 | -3.42E-081 4. 1BE-007 | -3.37E-00t | -2.16E+000
12.0 9.12E+000 7.28E+000 6 48E+000 B.Q0E+000 6.48E+000 9.13E+000
-2.87E+000 § -1 .20E+000 | -4 .52E-001 4.,28E-007 | ~4.47E-021 | -2.85E+@00
15.0 1. 14E+001 3.11E+2Q0 8. 10E+0200 7.50E+Q000 g8.10E+000 1.14E+801
-3.54E+Q00 | -1 .48E+000 | -5.58E-001 4.40E-007 | -5.54E-001 | -3.52E+000
ANGULAR ERROR, deg
(36/3r = 1.000 deg/m)
du/or COUPLING ANGLE (deqg)
(1/sec) 30 45 60 90 120 150
2.5 Z2.69E-001 1.75E-001 1 .26E~-001 7.40E-002 4 .38E-002 Z2.17E-002
-1.67E-002 | -2.70E-002 | -3.88E-Q02 } ~-6.90E~-002 | -1 .21E-001 | -2.B4E-00!
1.8 5.36E-001 J.47E-001 2 .50E-001 1.45E-001 8.50E-002 4.08E-002
~3.58E-002 | -5.62E-002 | -8.0BE-002 ] -1.40E~001 | -2.45E-081 | -5.31E-001
3.0 1.59E+008@ 1.03E+000 7.41E~-001 4.23E-001 2.49E-001 1.17E-001
~-1.12E-001 | -1.72E-001 | —-2.44E-001t | -4.24E-00t | -7.36E-00! | -1.58E+000
E 0 3.16E+000 2.05E+000 1.47E+00@ 8.49E-001 4.91E-001 2.28E-001
~2.24E-001 | -3.44E-001 | —-4.86E-001 | -8.44E-00! | —1.46E+000 | -3.15E+000
9.0 4.70E+0Q000 3 .05E+000 2.19E+000 1 .26E+800 7.30E-201 3.40E-001
-3.35E-001 | -5.14E-001 | -7.25E-001 | -1 .26E+000 | -2.18E+000 |-4.69E+000
12.0 6.22E+000 4.03E+000 2.88E+000 1 .6E7E+000 9.66E-0081 4 .50E-801
-4 .45£-001 | -6.82E-00t | -9.61E~-001 | -1.67E+000 | -2.89E+000 | -6.21E+0220
15.0 7.72E+000 5.00E+000 3 .58E+000 2.07E+000 1.20E+000 5.57E-001
-5.57E-00t | -8.4BE-001 | -1.18E+000 | -2.07E+000 | -3.58E+000 | -7.71E+000

10




Table A1.- Continued.

e
75 .

MAGNITUDE ERROR, Z

(36/9r = 5.8060 deg/m)
su/or COUPLING ANGLE (deg)
(1/sec) 30 45 60 90 120 150
0.5 3.41E-001 2.82E-001 2.59E-001 2.52E-001 2.84E-001 4.17E-001
-1.66E-001 | -7.55E-002} -3.41E-002 | -1.90E-003 | -8.89E-0Q@3 | ~9.07E-002
1.0 7.13E-001 5.83E-001 5.26E-001 5.00E-001 5.51E-001 7.89E-001
-2.87E-001 | -1.26E-001 | -5.12E~002 | -9.37E-006 | —2.60E-002 | -2.11E~-001
3.0 2.22E+000 1.79E+000 1 .6QE+000 1.50E+0020 1.63E+008 2.30E+000
~-7.79E-001 | -3.29E-001 | —-1.28E-001 9.81E-0@6 | -1.Q02E-001 | -7.04E~-001
6.0 4.48E+000 3.61E+000 3.22E+000 3.00E+000 3.25E+000 4.57E+000
~1.50E+000 | -6.29E-001 | -2.41E-001 1.01E~005 | -2.16E-001 | -1.43E+000
9.0 5.78E+0020 G.43E+000 4.84E+000 4 .50E+000 4.87E+000 6.86E+000
-2.21E+000 | -9.25E-001 | -3.52E-001 1.04E-005 | -3.27E-001 | -2.14E+000
i2.0 9.08E+000 7.26E+000 6.46E+000 6.00E+000 6.49E+000 9.16E+000
-2.90E+000 | -1.22E+000 ] -4.62E-001 1.07E-005 | -4.37E-001 | -2.82E+000
15.0 1.14E+001 9.09E+000 8.03E+000 7.50E+0020 8.12E+000 1.15E+001
-3.87E+000 | -1.50E+000 | ~-5.69E-001 1.10E-005 | -5.44E-001 | -3.50E+000
ANGULAR ERROR, deg
(38/9r = 5.000 deo/m)
Ju/ar COUPLING ANGLE (deqg)
(1/sec) 30 45 60 90 120 150
0.5 2 .82E-001 1.86E-001 1.38E-001 8.51E-002 5.51E~-002 3.38E-002
~8.83E-003 | ~1.83E-002 | -3.00E-002 | -6.01E-@0Z2 | -1.13E-0@1 | -2.57E-001
1.0 5.4B6E-001 3.58E-001 2.60E-001 1.55E-001 9.50E-002 5.08E-002
-2.58E~-002 | -4.74E-002 | ~7.00E-0202 | -1.30E-001 | ~2.35E-001 | -5.21E-001
3.0 {1 .60E+000 1.04E+000 7.51E-001 4.39E-001 2.58E-001 1.27E-001
-1.02E~0Q1 | -1.63E-001 | -2.34E-001 | -4.14E-001 | -7.26BE-001 | -1 ,58E+000
6.0 3.17E+000 2.0BE+000 { .48E+000 8.59E-001 5.01E-001 2.39E-001
-2.14E-001 | -3.35E-001 | -4.76E-0Q1 | -8.34E-001 | -1.45E+000 | —-3. 14E+000
9.0 4.71E+000 3.06E+000 2.20E+000 1.27E+000 7.40E-001 3.50E-001
-3.25E-001 | -5.03E-001 | -7.15E-001 | -1.25E+0080 | -2.17E+000 | -4.68E+000
12.08 6.23E+000 4 .04E+000 2.90E+000 1.6BE+000 9.76E-001 4.60E~-001
-4 ,35E~-@01 | ~-6.71E-@01 | -8.51E-00Q1 | -1 .66E+000Q0 | -2.88E+000 | -6.20E+000
15.8 7.73E+000 5.01E+000 3.58E+000 2.08E+000 1.21E+020 5.67E-001
-5.42E-001} -8.36E-001 | -1.18E+000 | -2.06E+00Q § -3.57E+000 | -7.70E+000

11




Table A1.- Continued.

MAGHITUDE ERROR, X

(36/9r = 106.000 deg/m)
du/or COUPLING ANGLE (deqg)
(1/sec) 30 45 60 90 120 150
0.5 3.14E-001 2.68BE-001 2.53E-001 2.57E-001 3.63E-001 4,.66E-001
~2.15E-001 | -1.05E~001 | -S5.31E-002 | -7.41E-003 | -2.65E-003 | ~6.39E-002
1.0 6.83E~-001 5.64E-001 C.18E~-001 5.04E-001 5.68E-001 8.34E-001
~3.32E-001 | —1.51E-@0Q1 | -6.8B2E-002 | ~3.8B1E-003 | -1 77E-002 | -1.81E-001
3.0 2. 18BE+000 1.77E+020 | S58E+000 I S0E+0006 1.64E+000 2.34E+4000
-8.16E-801 | ~2.53E-0081 | —1.4QE-001 3.92E-005 | -8.99E-002 | -6.6BE-0Q01
6.0 4,45E+000 3.58E+000 3.21E+200 3.00E+000 3.26E+000 4,61E+000
-1.54E+000 | -6.54E-061 | -2 .53E-001 4.04E-005 | -2 B3E-001 | -1.39E+000
9.0 6.74E+000 5.41E+0206 4,.83E+000 4.50E+000 4 ,.88E+000 6.90E+000
-2.25E+00@ | -9.49E-001 | -3.65E-001 4 16E-0Q5 | -3.15E~001 | -2.10E+220
12.0 9.04E+000 7.24E+000 6.45E+000 5.00E+0200 6.50E+R00 9.21E+200
-2.93E+000 | -1 .24E+000 | -4 .74E-001 4 ,28E-005 | —-4.24E-001 | -2 79E+v00
15.0 1. 14E+001 9.07E+000 8.07E+200 7 SRE+009 B8.13E+200 1.15E+0011
-3.60E+000 | -1 .53E+000 { -5.81E-001 4 . 4Q0E-005 | -5.32E-001 | -3 4BE+Q00
ANGULAR ERROR, deg
(36/3r = 10.000 deg/m)
ou/or COUPLING ANGLE (deqg)
(1/sec) 30 45 60 80 128 150
2.5 3.01E-001 2.03E-001 1 .54E-001 1.Q1E-001 7.12E-002 S.27E-002
-2.63E-003 | -1.Q3E-Q02 | -2.12E-002 | -5.07E~-002 | -1.0Q4E-081 | -2.50:-001
1.0 5.63E-001 3.73E~-001 2.75E-001 1.70E-001 |.10E-8@1 B.7 :-302
-{.76E-002 | -3.65E-002 | ~-6.00E-00Q2 | -1.20E-001 | -2.28E-001 | -5 1.L-201
3.0 1.62E+000 1 .06E+000 7.64E-001 4.51E-001 2.71E-001 | .38E-001
-8.92E-Q02 | -1 .52E-001 | -2.21E-0@1 | -4.Q1E-001 | -7.14E-001 | ~-1.57E+000
6.0 3.18E+000 2.07E+000 1.49E+000 8.72E-001 5.14E-001 2.52E-001
-2.02E-001 | -3.24E-001 | -4 .64E-001 | -8.22E-001 | -1.44E+000 |~3.13E+000
9.0 4,.73E+000 3.07E+000 2.21E+000 1.29E+000 7.53E-001 3.63E~-001
-3.13E-001 | -4.82E-00t | -7.03E~00! | -1.24E+000 |-2.1BE+000 | -4.B7E+000
12.0 6.25E+000 4 .06E+000 2.91E+000 | .6SE+000 9.88E-2@1 4 .72E-001
~4 . 22E-001 | -6.58E~-001 | -9.38BE-00t | -1.64E+000 |-2.8GE+200Q | -6.18BE+Q00
15.0 7.75E+200 5.03E+000 3.61E+000 2.09E+0020 1.22E+000 5.80E-06G1
-0.30E~2061 | -8.22E-001 | -1.17E+Q00 | -2.05E+000 |-3.56E+000 | -7.68E+000

12




Table A1.- Continued.

MAGNITUDE ERROR, X
(996/0r = 20.000 deg/m)

ou/9r COUPLING ANGLE (deg)

(1/sec) ] 45 1] 30 120 150
2.5 2.78E-001 2.53E-001 Z2.50E-001 2.77e-001 3.51E-001 5.80E-001
-3.30E-001 | -1.78E-001 | -1.01E-0Q1 | ~2.70E~-0Q2 | -1 .99E-006 | -2.74E-002
1.0 6 29E-001 5.38E-001 5.05E-001 5.15E-0061 6.0BE-0021 9.32E~001
-4 30E-Q01 | -2.11E-0Q1 | —-1.0BE-B021 | -1.48E-002 | -5.24E-003 | ~1.27E-001
3.0 2.11E+000 1.73E+000 { .57E+000 1 SOE+000 1.67E+000 2.42E+000
-9,03E-001 | -4.02E-001 | -1.71E-0G1 | -3 9BE-0G®3 | -6.87E-002 | -5.96E-001
B.2 4.37E+000 3.55E+000 3.18E+000 3.00E+000 3.28E+000 1 BSE+000
-1.61E+000 | -7.02E-0@1 | -2.78E-001 1.62E-004 | -1 .78BE-00B1 | -1 .32E4000
30 6.6GE+200 | S 37E+000 4 BOE+Q0D | 4.50E+000 | 4 SIE+000 | 5.98E+000
-2.32E+0Q@ | -9 SBE-001 | -3 BSE-001 1.66E-004 | -2.89E-001 | -2 QZE4000
12 @ 8.96E+000 7.20E+000 b 42E+00Q 6.00E+Q0QD 6 S53E+002 3.23E+000
~-3.91E+000 | -1 29E+000 | -4.39E-001 1.71E~-004 | -3.99E-001 | -2 72E+@0Q
15 9 1.13E+001 9.03E+@00 g 05E+000 7.50E+000 8.16E+B00 1.16E+001
->.68E+000 | -1 .SRE+Q00 | -6 .06E-201 1.76E-004 | -5.07E-@Q1 | -3.59E+100

ANGULAR ERROR, deg
(96/%r = 20 G0C deg/m)
au/or COUPLING ANGLE (deg)

t1/5ec) o0 45 6D 3@ 120 150
05 > 4BE-001 2.45E-001 1.92E-001 1 37E-001 1.09E-001 1 0PE-QO!
-1 GBE-Q0B6 | -1.88BE-003 | -9 @BE-@QQ3 | -3 6Y9E-0QZ | -9 16E-002 | ~2.47E-001
1 0 6.01E-001 4.07E-001 3.08E-001 2. 01E-001 1.42E-001 1.95E-001
~-5.22E-003 | -2 BS5E-002 | -4 22E-00Z2 | -1.01E-001 | -2.07E-001 | -4 99E-061
3.0 1.65E+000 1.08E+000 7.92E-001 4.78E-001 2 99E-001 1.68E-Q01
~-& B85E-Q@7 | ~1.30E-0@1 | -1.98E-@@1 | -3.78E-0@} | -6.90E-0@1 | ~1.54E+0020
6.0 J3.21E+000 2.10E+000 1.52E+000 8.97E-Q01 5.39E-001 2.77E-001
-1.77E-001 | =3.02E~001 | -4.39E-001 | ~7 97E-001 | -1.42E+0Q0 | -3.11E+000
9 @ 4,76E+000 3.10E+000 2.23E+000 1.31E+000 7.78E-001 3.88E-001
-2.88E-0081 | ~4.70E-001 | ~6.78E-001 { ~1.Z1E+000 | -2.13E+000 | -4.64E+000
12.0 6.28E+000 4.0BE+000 2.94E+000 1.72E+000 1.01E+000 4.97E-001
-3.97E-001 | -6.3BE-001 | -9.13E-0@1 | -1 .62E+000 | -2.84E+000 | -6. 15E+000
15.0 7.78E+000 5.05E+000 3.63E+000 2.12E+B00 1.25E+000 B5.05E-001
-5.05E-@01 | -7.98E-001 | —-1.15E+000 | -2.02E+000Q | -3.53E+000 | -7.65E+000
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Table A1.- Continued.

MAGNITUDE ERROR, X

(96/93r = 40.008 deg/m)
du/dr COUPLING ANGLE  (deg)
(1/sec) 30 45 o) 30 120 150
G5 2.51E-001 2.G4E-001 2 71E-001 3.39E-001 4.73E-001 8 SEE-0V1
-6 QBE-001 | -3.54E-001 | -2.23E-001 | -8.93E-002 | -2.15E~002 | -6 27E-004
1.0 5.56E-001 5.07E-201 5.00E-201 5,54E-00Q1 7.02E-001 1 1GE+Q00
-6.51E-081 | ~Z.56E-001 | -2 02E~001 | -5.42E-002 | -9.36E-005 | -5 47E-Q0.
30 | 99E+000 | 1 B7E+00@| 1 S4E+000 | 1.SZE4QQ0 | 1.74E+000 | I BOE+GQOD
-1 Q3E+@D0 | -5.12E-001 | ~2.38E-001 | ~1.81E-002 | -5 S9E-082 | -1 76E-vI
5 0 J.2GE+Q20 | T 47E4000| S 14E+000 | 3 O1E+00@ | 3.35E+000 |1 4 35E+Q0Q
-1 79E+000 | -8 ©0E-@01 | ~3 41E-001 | -8 39E-003 | -1 35E-001 | -1 17E+000
g 9 5 SCE+0QQ | 5 COF+900 | 4 7SE+000 | 1 SOE+G20 | 4 IBE+@OR | 7.14E+020
-7 49E+000 | -1 1QE+000 | ~4 43E-001 £ B5E-204 | -7 38E-001 | -1 s8E+Q20
ol 3 EIE+002 | 7 VIE+00B| B STE+4000 | B OQE+D00 | 6 SSE+080 | 9 45000
-3 13E+000 | -1.39E4000 | -5 4BE-001 & EGE-Q04 | ~3 48E-0@i | -2 TIE+C0u
15 @ 1 11E+801 8 95E+000 | 7 99E+Q0Q | 7 SBE+@@0 | 8 21E+000 | 1 1zE+00)
-3 SGE+OV0D | -1 .B7E+B00 | ~5 S5E-001 7 B4E-204 | -4.5BE-001 | -3 21E+u0Q
ANGULAR ERROR, degq
(36/3r = 40 B0Q deg/m)
du/ar COUFLING ANGLE  (deg)
‘1/sec) 50 45 EQ 30 120 150
05 4 70E-001 3 46E-00I o 63E- 901 2 D3E-201 2 ORE-001 2.01E Qut
-2 I5E-@@. | -2 3SE-003 | -2 @BE-004 | -I.Z4E-0@2 | -8 IBE-0Q02 | -2.6EE-0GD
10 5 STE-Q01 1 SQE-001 Z 84E-Q01 2 74E-Q01 2 13E-301 2 ORE-201
-9.296-005 | -3 B9E-005 | -1 BOE-Q@2 | -7 SGE-00D2 | -1.E3E-001 | -4 STE @0l
30 | 72E+000 | ! I1SE+00Q | & S2E-20! 5 35E-001 5 GOE-301 2 IEE-001
~3.57E-902 | -9 23E-002 | -1 S8E-801 | -3 3TE-Q01 | -E.BQE-001 | -1 51£+200
5.9 5 DBE4QB0 | 2. 15E+@00 L55E+000 | 9.53E-001 5 SBE-0@1 5 O3TE-001
-1.35E-001 | -2 SEE-0@1 | -2 93E-v01 | -7 49E~-001 | -1 STE+000 | -3 USE+G0Q
9 0 4.63E+000 | S 15E+@Q0 | 2.29E+000 | 1 3GE+000 | 3.29E-201 4 3LE-D0I
-2 37E-@0! | -4.2BE-001 | -6 2GE-001 | -1 16E+Q00 | -2.02E+300 | -4.53E+00¢
129 G 3GE+000 | 4 14E+D00 | 3.Q00E+000 | 1| 77E+000 | 1 OBE+000 | T 4BE-QQ1
~3.47E-001 | -5.92E-001 | -& B3E-001 | ~1.57E+000 | -2 79E+000 | -6.10E+030
15.0 7 BGE+@20 | S 11E+BQ0® | S B9E+00Q | 2 17E+B00 | 1.29E+000 | 5.54E-001
-4 .G4E-P@1 | -7.5BE-081 | -1 10E+Q00 | -1.97F+000 | -3 4BE+@0Q | -7.58E+000
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Table Al.- Continued.

MAGNITUDE ERROR, ¥
(36/9r = 60.000 deg/m)

ou/ar COUPLING ANGLE (deg)

(1/sec) 30 45 50 9@ 120 150
8.5 2 S0E-001 2.73E-001 3.07E-001 4.14E-001 6.10E-001 1. 16E+300
-3.08E-@01 | -5.48E-00} | -3.61E-001 | -1.65E-001 | -5.81E-002 4.44E-005
1.0 5.20E-00@1 5.00E-001 5.16E-001 6 12E-001 8 19E-001 1.43E+000
-9,28E-001 | -5.25E-001 | -3 20E-0Q01 | -1.12E-001 | -1 GBE-002 | -1.84E-002
3.0 1.89E+000 1.61E+000 1 .52E+000 1 .54E+000 1.82E+000 2 .80E+0002
-1.29E+000 | -6.31E-001 | -3.20E-001 | -4.54E-002 | -1 .51E-002 | -3 75E-001
6.0 4. 12E+200 3.39E+000 3.11E+000 3.02E+000 3.42E+002 5.04E+000
-1 97E+0@0@0 } -9.04E-001 | -4.89E-001 | -2.37E-002 | ~-1.02E-0Q1 | —1.05E+000
9 0 §.39E+000 5.21E+000 1,72E+000 4.51E+000 5.02E+000 7.30E+00D
-2 B7E+Q00 | -1.18E+000 | -5.11E-001 | -1.32E-0@2 | -1.99E-001 | -1 73E+000
120 5.63E+000 7 Q3E+000 B.33E+000 6.00E+200 6.64E+000 9 BZ2E+000
-3.36E+000 | ~1.48E+000 | -6 12E-801 | ~2.62E-003 | -2.97E-00! | -2.42E+000
15.0Q 1.10E+001 §.86E+000 7.95E+000 7 SQE+000 8.26E+000 I 13E+001
-4 QIE+Q00 | -1.77E+Q00 | -7 13E-001 1 .GBE-003 | -4.05E-001 | -3.10E+B00

ANGULAR ERROR, deg
(36/9r = 60.02@ deg’m)
au/3r COUPLING AMBLE { deg)

(1/sec) S0 45 650 90 120 150
0.5 b.@7E-001 4 .58E-001 3.83E-001 5. 16E-001 3 Q0E-001 3.56E-0061
-5.82E-002 | -1.37E-00G2 0.00E+000 | ~1 S55E-002 | -8.20E-002 | -3 Q3E-Q01
1.0 8.15E-001 5 87E-001 4.72E-001 3.57E-001 3 OBE-001 3.16E-001
-1.65E~-002 0.0QE+QQ0 { -6 14E-003 | -5 B4E-002 | -1 7QE-001 | -5 @7E~QO!
3.0 1 .80E+000 1 .22E+000 9.21E-001 65.03E-001 4 27E-001 3.16E-00!1
-1.51E-002 | -6 @4E-0Q2 | -1.25E-001 | -3.061E-0@1 | -6.16E-0®1 | -1.48E+000
6.0 3.35E+000 2.22E+000 1 B4E+000 1.01E+000 65.55E-001 4.04E-001
-1.02E-001 -2.14E-001 | -3.53E-001 -7 QBE-001 -1 33E+000 | -3.02E+300
9.0 4.89E+000 3 21E+000 2.35E+000 1.42E+000 8.808E-001 5.05E-001
-2.00E-001 | -3.82E-001 | -5.83E-001 | -1.11E+000 |-2.03E+000 | -4.54E+000
120 6.42E+000 4.20E+000 3.06E+200 1.83E+000 1. 12E+000 5.04E-001
-2 .96E-001 | -5.48BE-001 | -8.13E-001 | -1 ,52E+000 |-2.74E+000 | -65.0B5E+000
15.0 7.92E+000 5.17E+000 3.75E+000 2.23E4000 1.35E+000 7.83E-001
-4 . Q3E-001 | -7.12E-001 | —1.04E+000 | -1.92E+000 | -3.43E+000 | -7.53E+000
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Table A1.- Continued.

MAGNITUDE ERROR,

b4

(36/3r = 80.000 deg/m)

Ju/or COUPLING ANGLE (deqg)

{1/sec) 30 45 60 90 120 150
0.5 2.62E-001 2.98E-001 3.51E-001 4 ,96E-001 7.55E-001 1.47E+000
~-1.22E+000§ -7.49E-001| -5.06E-001 | ~2.47E-0Q1 | -1.Q2E-001 | —-1.23E-002
10 5.01E-001 5.08E-001 5.42E-001 6.78E-001 9.46E-001 1.71E+000
-1 21E+000 | -7.08E-0Q01 | -4.47E-001 | ~1.79E-001 | -4.33E-002 | ~8.95E-004
3.0 1 BOE+000 1.57E+000 | SPE+000 1 S8E+200 i 91E+000 3.02E+000
-1 GOE+Q0Q | -7.71E-001 | -4 B7E-001 | -7.64E-002 1 22E-004 | -2.84E~-001
6.0 3 99E+000 3.34E+000 3.07E+000 0. 04E+000 3.48E+000 5.23E+000
-2 15E+00@ | -1 .0ZE+Q00 | -4 7RE-0Q1 | -3.8BE-002 | -6.93E~002 | -9.354E-001
9.0 & 2BE+000 5 {3E+000 4 BBE+000 4 S3E+200 5.09E+000 7.49E+000
~-2.85E+000 | -1 .28E+000 | -5.78E~-@B1 | -2.86E-002 | -1 .BBE-00! | -1 .B1E+QR0
12.0 8.55E+000 & S95E+000 6.29E+0020 6.02E+000 6 7OE+000 3 78E+000
-3 GIE+000 | -1.58E+000| -6.8B1E-001 | -1.85E-002 | -2.60E-001 | -2 27E+Q00
15.0 1.09E+001 8.76E+000 7.91E+000 7.51E+000 8 32E+0Q00 I 21E+Q91
-4 21E+Q0B | -1 BG6E+000 | ~-7.81E-001 | -8.17E~0Q03 | ~5.54E-001 | -2.85E+000

ANGUIL.AR ERROR , deg
(36/9r = 80.002 deg/m)
du/ar COUPLING ANGLE (deg)

(1/sec) 30 45 B0 90 120 150
0.5 7.52E-061 5.73E-001 4 .87E-001 4. 13E-001 4 Q4E-001 4.89E-Q01
-1.02E-001 | -2 BSE-QQ02 | -4.12E-003 | -1 21E-0Q02 | -8.57E-002 | ~3.45E-001
1.0 9.43E-001 6.93E-001 5.67E-¢01 4,45E-00@1 4.00E-001 3.41E-001
-4 35E~-Q02 | -4.94E-003 | -2.96E~-0Q04 | -4.45E-002 | -1.64E-B@1 | -5,.33E-001
3.0 1.89E+000 1 .30E+000 9.97E-001 6.71E-001 4.97E-001 4 Q1E-001
0.00E+0Q00 | -3.90E-002 | -9.489E-002 | ~2.658E-001 | -5.85E-001 | -1 47E+000
6.0 3.43E+000 2.29E+000 1.70E+000 1.07E+000 7 15E-001 4,71E-001
-6.91E-002 | -1.82E-001 | -3.12E-001 | ~6.66E-001 | -1.29E+000 | -2.98E+000
5.0 4 ,96E+000 3.28E+000 2.41E+000 1.48E+000 §5.49E-001 5.72E-0201
-1.67E-001 | -3.38E-001 | -G.43E~-001 | -1 .@7E+000 | -1 9GE+000 | -4.49E+000
12 © 6.48E+000 4.26E+000 3.12E+000 1 89E+@R20 1.18E+000 6.71E-001
~2.63E-001 | -5.04E~-001 | -7.69E-001 | -1 47E+0Q00 | -2 G6SE+000 | -6.00E+000
15 0 7 98E+0Q00 5.23E+000 53.81E+000 2.29E+000 1.41E+000 7.70E-001
~-3.57E-001 | -6.68E-001 | ~3.94E-001 | -1.87E+000 | -3.38E+000 | -7.48E+000
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Table Atl.- Continued.

MAGNITUDE ERROR, X
(36/9r =100.000 deg/m)

du/3r COUPLING ANGLE (deg)

vi/sec) 30 45 60 90 120 150
0.5 2.73E-001 3.30E-001 3.95E-001 5.77E-001 8.99E-001 1.79E+@00
-1.54E+00Q@ | -9.55E-001 | -6.51E~-001 | -3.29E-001 | ~1.47E-001 | ~2.51E-00Z
1.0 5.00E-0201 5.23E-001 5.78E-0Q01 7.53E-001 1.@8E+000 2.02E+000
-1.52E+900 | -8.99E-061 | -5.85E-001 | -2.55E-001 | -8.00E-002 1 .55E-006
3.0 1.73E+008 1 .54E+000 1.50E+600 1.62E+000 2.01E+000 3.Z6E+000
-1.74E+000 | -9.15E-001 | ~-5.07E-001 | -1.20E-001 2.41E-006 | -2 20E-Q0I
6.0 5.89E+000 3.28E+000 3.05E+000 3.06E+000 3 SBE+000 5.42E+000
-2.36E+000 | -1.14E+000 | -5.57E-001 | -6.27E-002 | -4 41E-B02 | -8.13E~001
9.8 6.13E+000 5.07E+000 4 .65E+000 4.54E+000 5 16E+000 7.58E+200
-3.02E4+000 | -1 .41E+000 | -6.46E-001 | -4 .37E-002 | -1 S4E-001 | -1.49E+000
12.0 8.42E+000 6.87E+200 b.26E+000 6.03E+000 6.77E+000 3.9BE+000
-3.71E+000 | -1 .68E+000 | -7 48BE-001 | -3.40E-G02 | -2.2BE-001 | -2.15E+000
15.0 1.07E+Q01 8.68E+000 7.87E+000 7.52E+000 8.38E+Q006 1.23E+001
-4 . 38E+000 | -1.96E+000 | -5.5Q0E-001 | -2.41E-00Z | ~3.189E-001 | -2.80E+000

ANGULAR ERROR, deg
(36/3r =100.000 deg/m)
* 3u/3dr COUPLING ANGLE (deg)

vi1/sec) 30 45 6O 90 120 150
@5 8.57E-001 6.92E-001 5.92E-001 5.09E-001 5.08E-001 6.42E-001
-1.48E-001 | -4.72E-002 | -8 47E-003 | -9.00E-003 | -8.96E-002 | -5.88E~-001
1 0 i @RE+0QR0 8.02E-001 6.67E-201 5.39E-001 5.00E-0@1 5.76E-201
-8.03E~-002 | -1.36E-002 0 QQRE+QGO | -3.73E-002 {-1.63E-001 [-5.67E-001
2.0 1.935E+000 1.38E+000 1.B7E+Q00 7 4B6E-001 5.76E-001 5.60E-001
® QQE+000 | -1.99E-002 | -7.36E-002 | -Z.43E-001 |-5.63E-001 |-1.4BE+000
6.0 3.51E+000 2.35E+000 1.77E+000 1.14E+000 7.82E-001 5.48E-001
-4.47E-002 | -1.49E-001 | -2.76E-001 -6 27E-001 {—1.25E+000 | -2 S5E+000
92 5 Q4E+000 3.35E+000 2.47E+Q00 1.54E+000 1.01E+000 B.3BE-001
-1.34E-001 | -3.00E-001 | -5 Q3E-001 | -1.03E+000 |-1.S5E+000 | -4.46E+000
12.0 5.55E+000 4.33E+000 3.18E+000 1.34E+000 1.24E+000 7.38E-201
-2.30E-0@1 | -4.60E-Q0®1 | -7.29E-001 | -1.43E+000 |-2.64E+000 |-5.95E+000
15.0 8.05E+000 5.30E+000 3.87E+000 2.35E+000 1.47E+000 8.37E-001
-3.24E-001 | -6.23E-001 | -9.52E-0Q1 |-1.B2E+000 |-3.33E+000 |-7.43E+000
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Table A1.- Concluded.

MAGNITUDE ERROR, %
(36/9r =120.000 deg/m)

au/or COUPLING ANGLE (deqg)

(1/sec) 30 45 60 90 120 150
0.5 2.93E-001 3.61E-001 4.43E-001 65.62E-001 1.B5E+000 | 2,11E+000
-1,86E+000 | -1.16E+0@Q | -8 @Q1E-001 | -4.15E-001 | -1 .35E-00G1 { —4.4BE-00Q2
1.0 4.93E-001 5.48E-001 6.15E-001 8.28E-001 1.22E+000 2.32E+Q00
-1.82E+020 | -1.10E+0Q00 | -7.23E~B01 | -3.31E-00Q1 | ~1.17E-001 1.92E-004
3.0 1.67E+000 1.52E+000 1 .5Q0E+2020 1.66E+000 2.11E+000 3.50E+000
-1.99E+200 | -1.07E+000 | -6.11E-001 | -1 .66E~-0081 | -1 .36E-003 | -1 .56E-001
6.0 5.79E+000@ 3.22E+Q00 3.03E+800 3.09E+000 3.65E+000 5.63E+020
~2.57E+000 | ~1.27E+000 | -6.42E-001 | -9.27E-00Z | -2 B4E-@0Z | -7.30E-001
5.0 6.01E+000 5.01E+000 4.61E+BV0 4 SHE+Q00 5.23E+000 7.37E+000
~3.22E+000 | -1 .53E+@0Q | -7 13E-201 | -5.65E-00Z | -1 .00E~-001 | ~1.,37E+00@
12.8 §.28E+000 6.81E+000 6 2ZE+000 6.05E+000 6.84E+000 1.0ZE+021
-3.89E+000 | -1 .80E+000 | -6 16E-001 | -4.82E-Q02 | ~1.95E-0@1 | -2.03E+000
15 @ I DBE+@0O1 §.62E+000 7 B3E+000 7.54E+000 8.46E+00@ 1.24E+021
~4 . 56E+QQ0Q | -2.07E+Q0Q | -9 17E-001 | -53.97E-002 | -2.B7E-0Q1 | -2 BBE+0ED

ANGULAR ERROR_ deg
(98/9r =120 00@ deg/m)
au/3r COUPLING ANGLE (deg)

(] sac) 30 45 60 90 120 159
@.5 1.05E+200 8 10E-001 6 98E-001 6 @BE~-00! 6.14E-321 7 cHE-001
-1.96E-001 | ~6.60E-002 | -1.49E-0072 | -7.58E-003 | -9 S53E-002 { -4.53E-001
1.0 1.22E+000 9.17E-001 7.67E~-001 6.32E-081 B QOE-00I 7.12E~-021
-1 18E-001 | -2.80E-002 0.00E+0Q000 | -3.04E-002 | -1.63E-001 | -6.21L-001
3.0 2.10E+000 1.47E+000 {.15E+000 8 23E-201 6.56E-001 E.Q1E~-Q0!
~1.35E-0@3 | -1.03E-0802 | -5 2BE-~-Q02 | -2.17E-001 | -5 41E-001 | -1.4BE+000
6.9 5.58E+000 2.43E+000 i .83E+000 1.20E+000 8.51E-001 6.51E-001
-2.86E-062 | -1 17E-0@1 | —-2.46E-801 | ~-5.94E-001 |-1,22E+000 | -2.93E+000
9.0 5.12E+000 3.41E+000 2.53E+200 | BOE+020Q | Q7E+200 7.04E-001
-1.00E-001! | -2.B8E-001 | -4 B2E-00! | -9 B8BE-001 | -1 S1E+000 | -4.42FE+000
12.0 6.G4E+Q00 4 .40E+000 3 23E+000 2.00E+000 1.50E+000 §.04E-001
~1.86E-@01 | -4.15E-001 | -6.89E-001 | -1.3GE+000 | -2.6QE+QQGQ | -5 3QE+000
15 0 8.14E+000 5.37E+000 3.93E+000 2 4QE+Q00 1.53E+000 3.04E-001
-2.91E-001 | -5.78E-001 | -9.12E-001 | -1 7BE+000 |~-3.28E+300 | -7.38E+000
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Table A2.- Variation of magnitude error and angular error with coupoling angle,
au/dr, and 3e/ar for Ar = 1.0 cm.

MAGNITUDE ERROR, X%

(36/3r = 1.000 deg/m)
ou/ar COUPLING ANGLE (deq)
(1/sec) 30 45 60 90 120 150

05 7.36E-001 5.95E-001 5.34E-001 5.00E-001 5.44E-001 7 BBE-091
2 3 2

-2.64E-001 | -1.12E-001 | -4.36E-002 1 .54E-006 | -5.35E-002 | -2.34E-001
1.0 1 48E+000 1.20E+000 1.Q7E+000 1. 0BE+0020 1.08E+000 1.52E+000

-5.11E-001 ) -2.13E-001] -8.20E-002 1.55E-906 | -7.18E-002 | -4.81E-00B1
3.0 4

.52E+000 3.62E+000 3.23E+000 3.00E+000 3.24E+000 4 .55E+000
2 2

-1.48E+000 | -6.14E-001 | -2.33E-00!1 1.62E-0@6 | -2.23E-001 | —1.45E+000

6.0 9.11E+000 7.27E+000 B.47E+000 6.00E+000 6.48E+000 9.14E+0020

-2.88BE+p@0@ | -1.20E+000 | —-4.54E-001 1.71E-006 | ~4.44E-001 | -2.85E+000
5.0 1.58E+001 1.09E+0Q01 9.72E+000 9 QQE+000 9.73E+000 1 3BE+0@01
-4 20E+0Q0 5§ -1.77E+000) -5.67E-001 1.81E-006 | -6.57E-001 | ~4.17E+000
12.0 1.85E+001 1.46E+201 1.30E+201 1.20E+001 1.30E+Q01 1.B5E+@01
-5 47E+000 | -2 3ZE+000@ | -8.73E-001 1.91E-006 | -8.63E-001 | -5.43E+000
15 8 2 32E+001 * 1.B4AE+Q@01 1.62E+001 | .GRE+001 1.B2E+201 2.32E+001
-6 71E+000 | -2.8B5E+000 | -1 @7E+000 2.01E-006 | -1.06E+000 | -6.67E+000

ANGULAR ERROR, deg

(36/9r = 1 Q00 deg/m)
du/dr COUPLING ANGLE  (deg)

(1/see) 30 45 50 90 120 150
9.5 5.38E-001 5.50E-001 2 S2E-001 1.48E-001 8.75E-002 | 4.33E-002
-3.33E-002 | -5.40E-002 | -7.7%E-002 | -1 .38E-001 | -2.42E-001 | -5.28E-201
1.0 1.07E+000 | 6.93E-001 4,.99E-001 | 2 90E-00! 1.70E-001 8.14E-002
-7.14E~-002 | -1.12E-001 | -1.6QE-001 | -2.80E-001 | -4.83E-001 | —1.0BE+0Q0
3.0 3.16E+000 | 2.05E+Q0G( 1.47E+Q@0 | 8.52E-001 4,94E-001 2.32E-001
-2.22E-001 | -3.41E-001 | -4.B4E-0081 | -B.42E-001 | ~1.46E+000 | -3.15E+200
6.0 6.22E+000 | 4.03E+0Q@( 2 B89E+000 | 1| G7E+000 | 9.B58E-001 4.52E-201
-4.42E-001 | -6.79E-001 | -9.58E-001 | —-1.66E+000 | -2.88E+000 | ~-5.21E+000
9.0 9.20E+Q000 | 5.96E+Q00| 4.27E+000| 2.47E+Q00 | 1.43E+000 | 6.6BE-001
-6.56E-001 | -1.01E+000| -1.42E+000 | -2.4GE+000 | -4.26E+000 | -9. 19E+200
12.0 1.21E+001 7.82E+000| S.61E+B00 | 3.24E+000 | 1.88E+000 | 8 74E-001
-8.G64E-001 | -1.33E+000| -1.87E+000 | -3.23E+000 | -5.60E+0006 | —1.21E+001
15 0 | .ABE+001 | 9.63E+000| 6.97E+000| 4.00E+000 | 2.31E+000 | 1.08E+000
-1.07E+000 | -1.64E+000| -2 .30E+000 | -3.99E+000 | -6.31E+000 | —-1.4BE+001
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Table A2.~ Continued.

HAGNITUDE ERROR, %
(36/3r = 5.000 deg/m)

du/ar COUPLING ANGLE (deg)?

(1/sec) 30 45 60 214] 120 150

@.s5 6.83E-001 5.64E-001 5.18E-801 5.04E-001 5.68E-00! 8.34E-20
3

-3.32E-@0@1 | -1.51E-001 | -6.82E-002 | -3 81E-0@3 | -t 77E-002 | -1.61E-001
1.@ 1.43E+000 1.17E+000 | BSE+0020 1 DOE+000 1 10E+000 1 .GBE+000
-5.73E-001 | -2.52E-001 | —-1.0ZE~¢01 | -5 BBE-QO5 | -5 17E-002 | ~4.21E-801

3.0 4. 45E+000 3.59E+000 3 21E+0Q0 5 QOE+000 3.26E+000 4.61E+000
2 2

-1.54E+000 | -6 S4E-001 | -2 53E-201 4 Q4E-005 | -2.03E-Q01 | -1,33E+000
5.0 9.04E+000 7 24E+000 b 45E+Q00 6 00E+020 6 GOE+000 g 21E+Q00
-2 GZE+QQ0 | -1.24E+000 | -4.74E~-001 4 ZBE-Q05 | ~4 Z4E-QR1 | -2.78E+000
90 1 37E+Q0H 1 Q9E+00@1 g 70E+000 S D0E+@00 3 TGE+000 i J9E+Q01
~4,25E+000 | -1.81E100@ | -6.67E-001 4 BRE-Q05 | -6.37E-001 | -4.11E+000
12.0 1 B4E+0QQ1 1. 46E+Q01 I 30E+0Q0! 1 Z0E+001 1 SOE+Q01 1.BRE+001
-5 G4E+Q00 | -2 3B8E+B00 | -5 92E-001 4,78E~-005 | ~§ 43E-001 | -5.3B6E+000
165.0 2.32E+Q01 1.83E+031 1 BZE+Q01 | SRE+001 1 .65E+001 2 Z3E+Q01
-6.7BE+000 | -2.89E+200 | —1 QYE400Q 5 @Q4E~-005 | -1 Q4E+000 | ~-B6.61E+000Q
ANGULAR ERROR, deg
(38/3r = 5 Q2B deg'm)
ou/ar COUFL.ING ANGLE {deqg)
(1/sec) 30 45 60 90 120 150

0.5 5.63E-Q81 3.73E-001 2.75E-001 1 TOE-001 1.10E-001 & 7TTE-@02
-1 7BE-00. | -3 B5E-002| -6 QQE-QQZ | ~1 20E-Q01 | -2.25E-001 | -5.12E-0@1

1 @ I OSE+000 7 15E-001 5 13E-001 3 1QE-001 1.30E-a@1 1 O2E-20)
-5 13E-002 | ~9.45E-002 | -1 4QE-001 | -2.BQE-001 | -4 BYE-QY! | -1 Q4E+QJV

3.0 3.18E+000 2.07E+000 1 48E+Q00 8 7.E-001 5 14E-0Q0! 2 5lE-a91
~2.02E~-201 | -3.24E-001 | ~4.64E-001 | -8 22E-001 | -1 44E+300 | ~Z. 1384000

E @ 6 2G5E+000 4.06E+000 2 91E4000 ! E9E+200 9.88E-201 4 72E-201
~4 22E-@01 | ~6 S5BE-001 | -9 3BE~-001 | -1 G4E+000 | -2.86E+000 | -6 18E+000

9.0 9.23E+300 5.98E+0Q00 4.29E+000 2.49E+000 1.45E+000 6.S6E-021
~B.36E~-201 | -9 BBE-001 | -1 4Q0E+020 | ~2.44E+000 | -4 24E+Q00 | -9 16E+00D

12 @ 1 Z1E+001 7 85E+000 5.64E+000 3 ZBE+0QQ0 1 SQE+000 g8 94E-091
~8.44E-001 | -1.31E+000 | -1 B5E+Q00 | -3 21E+800 | -5.58E+000 | -1 20r +201

15.0 1.43E+001 9.65E+0200 6.95E+000 4 @2E+200 2 33E+000 1. 12E+000
~1.05E+000 | -1 G2E+00@ | -2 28E+000 | -3.97E+000 | -6.89E+000 | -1 4BE 40!
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Table A2.- Continued.

MAGNITUDE ERROR, X%

(96/93r = 10.000 deg/m)
ou/or COUPLING ANGLE (deq)
(1/sec) 30 45 (5} 9@ 120 150
0.5 5.29E-001 5.36E-001 5.05E-001 5.15E-001 b .BBE-001 9.32E~0081
-4 .30E-001 | ~2.11E-Q0G1 | -1.0BE-001 | -1.49E-002 | -5.24E-003 | -1 .27E-001
1.0 1.37£+000 1.13E+000 1 Q4E+000 1.01E+000 1. 14E+000 1.67E+000
-6.65E-001 | -3.02E-001 | -1.36E-G01 | -7.67E-003 | -3.52E-002 | -3.G60E-001
3.0 4.37E+000 3.55E+200 3.18E+000 3.00E+000 3.29E+000 4,.68E+000
-1.61E+Q00 | -7.02E-001 }{ -2.78BE-001 1.62E-00@4 | -1 .78E~-001 | —1,32E+000
6.6 8.96E+000 7.20E+000 6.42E+0060 6.00E+000 B.53E+000 9,.29E+200
-3.01E+000 | -1 Z29E+0@Q | —-4.88E-Q01 1.71E~-004 | -3 98E-001 | -2 72E+Q00Q
9.0 1.36E+001 1.09E+001 3.67E+Q00 5.00E+000 9.78E+000 1 38E+@01
-4.34E+000 | -1 .86E+0Q00 | ~7.11E-221 1.B1E-0Q04 | -6.12E-00@1 | -4.04E+000
12.0 I B3E+G01 1.46E+001 1.29E+001 1.20E+001 1.30E+0081 1 .8BE+001
~-5.B63E+Q08 | -2.41E+200 | -9.16E-0@1 1.91E-904 | -8.18E-001 | -5.23E+080
15 0 2 J1E+001 1 B3E+001 1.62E+001 1.50E+Q01 1.63E+0Q1 2.34E+001
-6.87E+000 | -2.84E+000 | -1 .11E+000 2 Q1E-004 | -1 DZ2E+Q00Q | -6.52E+000
ANGULAR ERROR, deg
(98/0r = 10.000 deg/m)
au/dr COUPLING ANGLE {deqg)
{(1/sec) S0 45 50 90 120 150
05 b @1E-001 4 @G7E-Q01 5.08E-001 2.01E-001 1 4Z2E-001 1.05E-001
-5 22E-003 | -2 @5E-00z | -4 22E-002 | -1.G1E-00Q1 | -2.07E-0081 | -4.99E-001
1.0 1 12E+000 7.44E-001 5.43E-0601 J.40E-001 2 20E-001 1.35E-001
-3.50E-002 { -7.26E-002 | -1.18E-0Q81 | -2.39E-001 | -4.48E-001 | ~1,02E+000
3.0 S5.21E+000 2.10E+000 1 52E+000 8.97E-001 5.39E-001 2 7T7E-001
-1.77E-0@1 | -3.02E-901 | ~4.38E~001 | -7.97E-001 | -1.42E+000 | -3.11E+000
6.0 6.28E+000 4 _QBE+000 2.84E+000 1 72E+000 1.01E+000 4,87E-001
-3 97E-001 | -6.36E-001 | -9 13E-0Q01 | -1 BZE+000 | -2 B84E+000 | -6.15E+0200
92 8.26E+000 6.01E+000 4.32E+000 2.52E+000 1.47E+000 7.11E-@01
-6.11E-001 | -5.60E-001 | -1 .37E+000 | -2.42E+000 { -4.22E+000 | -9.12E+000
12.0 1.21E+001 7.87E+000 5.67E+@00 3.29E+000 1.92E+000 9.19E-001
-8.18E-001 | -1.28E+000 | -1 .82E+Q00 | -3.19E+000 | -5.55E+000 | -1.20E+001
15.0 1.49E+001 9.68E+000 6.98E+000 4.Q4E+000 2.36E+000 1.12E4000
-1.02E+QQ0Q | ~1.59E+000 | -2.26E+0Q00 | ~3.94E+000 | -6.86E+000 | —1.48E+001
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Table A2.~ Continued.

MAGNITUDE ERROR, X
(96/3r = 20.200 deg/m)

u/ar COUPLING ANGLE  (deg)

(1/sec) 30 45 50 90 120 150
0.5 5.58E-001 5.07E-001 5. 00E-001 5.54E-001 7.02E-001 1.16E+000
-6.61E-201| -3.56E-00Q1| -2.02E-001| -5.42E-802 | -9.36E-005 | ~5.42E~-002
1.0 1.26E+00@| 1.07E+008| 1.01E+200| 1.03E+000| 1.21E+000] 1.87E+000
-8.60E-001 | ~4.21E-001| -2.13E-0011 -3.00E-002 | -1.03E-002 | -2.52E-001
3.0 4.2SE+Q00| 3.47E+000| 3.14E+000| 3.01E+000| 3.3SE+000| 4.85E+000
-1.79E+000 | -8 Q@QRE-001| -3.41E-001{ -B.39E-003 | -1.35E-001 | -1.17E+000
6.0 8.B2E+000| 7.11E+@200| 6.37E+000| H.00E+000| 6.58E+@00| 9.15E+200
-5 1BE+0@G | -1.39E+000| -5 4B8E-001 6.85E-004 | -3 48E-001 | -2.57E+000
30 i 35E+001 | QBE+B01 9 G2E+022| 9.QQE+00Q | 9.84E+000| 1.41E+001
-4 GIPE+000| -1.95E+008| -7 GOE-001 7.24E-0@4 | -5 BRE-001 | -3.9BE+020
120 1 82E+@01 1 45E+Q01 1.29E+001 1.20E+001 1.31E+201 1.88E+001
-5 BRE+200 | -2.50E+000| -9.65E-001 7.64E-004 | -7.69E-001 | ~5.15E+000
15.0 2.30E+001 1 .82E+001 1 G1E+001 1.50E+001 1 .B4E+001 2 . 3BE+001
-7 G4E+200( -3.03E+QQ0| -1.I1GE+00PD| B.06E-204 | -9.68E-001 | -6.34E+000

ANGULAR ERROR, deg
(96/0r = 20.000 deg/m)
u/ar COUPI.LING ANGLE  (deg)

1/sec) 30 45 60 30 120 15@
05 5.37E-001 4,.90E~-001 3.84E-001 2.74E-001 2. 18E-001 2.00E-001
-9,29E-005 | -3 BSE-003} -1.80E-902 | ~7.35E-002 | -1 83E-0Q1 | -4 93E-001
) 1.20E+000 | 8.13E-001 6.14E-801 4,.03E~-001 2 .85E-001 2L TE-001
~1.02E-002 | -4.07E-002| -8.39E-002 | -2.02E-201 | ~4.12E-001 | -8 34E-001
5.0 3.28E+000| 2.15E+00@| 1.58E+000| 9 S3IE-001 5 S6E-001 3.37E-901
-1.35E-001 | ~-2.55E-001 | -3.93E-001 | -7 49E-001 | -1.37£+000 | -3 QGE+000
5.9 £.35E+000 | 4.14E+000| 3.00E+0@0 | 1.77E+000 | 1.05E+000 1 5.46E-001
-3.47E-0@1} -5.92E-001 | -8.63E-001 | -1.57E+0080 | -2.79E+00@ | -5.10E+000
g 0 g 33E+000| 6.@7E+Q0P0| 4.38E+000| 2.57E+000 | 1.52E+000 | 7.50E-201
~5.61E-001 | ~9.16E-00! | -1 .32E+000 | -2.37E+B00 | -4.17E+000 | -9.08E+000
120 | 22E+001 7.93E+000| 5.73E+000 | 3.34E+000 | 1.97E+000 | 9.58E-801
~-7.69E-021 | -1.23E+000 | -1.77E+000 | -3.14E+000 | -5.50E+0@0 | -1.19E+001
15.0 1.50E+001 9.75E+000| 7.04E+000 | 4.10E+000 | 2.41E+000 | 1 17E40Q0
-9.71E-001 | -1 S3E+006| -2.21E+000 | -3.89E+000 | -6.80E+000 | -1 47E+001

22




Table A2.- Continued.

MAGNITUDE ERROR, %

(36/9r = 40.000 deg/m)
du/ ar COUPLING ANGLE  (deg)
(1/sec) 30 45 60 9p 120 150
0.5 5.01E-001 | 5.08E-001| 5.42E-001 ( E5.78E-00! 9.46E-001 1.71E+000
-1.21E+000 | -7.08E-001 | -4.47E-001 | -1.,79E-001 | -4.33E-002 | -8.95E-004
1.0 1.11E+Q00 | 1.01E+000 | 1.00E+000 { 1.11E+000 | 1.41E+000 | 2.33E+000
-1.32E+000 | -7.14E-001 | -4.06E-0201 | -1.09E~001 | -5.46E-004 | -1.06E-001
3.0 3.99E+000 | 3.34E+000| 3.07E+000 | 3.04E+000 | 3.48E+000 | 5.23E+000
-2.15E+000 | -1.02E+000 | -4.76E-001 3.8B6E-002 | ~6.83E-002 | ~9.34E-001
5.0 8.G5E+000 | 6.95E+000| 6.29E+B00 | 6 02£+000 | ©6.70E+000 | 9.78E+000
~-3.53E+000 | -1.58E+000 | -6.81E~201 | -1.85E-002 | -2.60E-001 | -2.27E+0C0
9.0 1.32E+001 1.06E+001 9.53E+000 | 9.00E+000 | 9.95E+000 | 1.44E+001
-4.87E+000 | -2.15E+000 { ~8.81E~-001 | Z.2BE-003 | -4.60E-001 | -3.61E+000
12.0 1.79E+001 1.43E+001 1.28E+001 1.20E+001 1.32E+001 1.92E+001
-6.15E+000 | -2.69E+000 | ~1.08E+000 | 3.06E-003 | -6.68E-001 | -4.87E+000
15.0 2 27E+001 1.80E+@01 1.6QE+001 1.SOE+001 1.65E+001 | 2.39E+001
-7.38E+000 | -3.22E+000 | -1.27E+000 | 3.22E-003 | -8.58E-001 | -6.0BE+000
ANGULAR ERROR, deg
(36/9r = 40.800 deg/m)
du/or COUPLING ANGLE  (deg)
(1/sec) 30 45 50 90 120 150
2.5 9,43E-001 | 5.93E-001 | S5.57E-001 | 4.45E-001 | 4.00E-001 | 4 41E-001
-4 .35E-002 | -4.94E-003 | -2.96E-004 | -4.456-002 | -1.64E-001 | -5.33E-001
1.0 1.40E+000 | 9.81E-001 | 7.68E-001 | 5.48E-001 | 4.37E-00t1 | 4.0QE-00!
-5.42E-004 | -7.13E-003 | -3.56E-002 | -1.46E-001 | -3.63E-001 | -9.80E-001
3.0 3.43E+000 | 2.29E+000 | 1.70E+000 | 1.Q7E+00Q | 7.15E-0@1 | 4.71E-001
-6.91E-002 | ~1.82E-001 | -3.12E-001 | -6.66E-001 | -1.29E+000 | -2.98E+000
5.0 6.48E+000 | 4.2BE+000 | 3.12E+000 | 1.89E+000 | 1.18E+000 | 6.71E-00!1
~-2.63E-001 | ~5.04E-001 { ~7.69E-001 | -1.47E+000 | -2.G9E+000 | -5.00E+000
9.0 9.46E+000 | 5.19E+000 | 4.SQ0E+000 | 2.68E+0Q0 | 1.53E+000 | 8.58E-001
~-4.53E-001 | -8.28E-001 | -1.22E+000 | -2.27E+000 | -4.07E+000 | ~8.93E+000
12.0 1.23E+001 | B8.06E+000 | 5.8S5E+000 | 3.46E+000 | 2.08E+000 | 1.07E+000
~-6.67E-001 | -1.14E+000 | -1 .67E+000 | -3.04E+000 | -5.40E+000 | -1.1BE+00!1
15.0 1.52E+001 | 9.89E+020 | 7.16E+000 | 4.27E+200 | 2.S{E+000 | 1.27E+000
-8.69E-001 | -1.45E+000 | 2.11E+000 | -3.79E+000 |-5.69E+000 | -1.4BE+00!1
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Table A2.-~ Continued.

MAGNITUDE ERROR, X

(36/9r = 60.000 deg/m)
du/dr COUPLING ANGLE  (deg)
(1/sec) 30 45 ) 90 120 150
0.5 4.99E-001 | 5.46E-001| 6.15E-001 | B8.28E-001 1 .22E+000 | 2.32E+000
-1.82E+000 | -1.105+000 | -7.23E~001 | -3.31E-001 | ~1.17E-001 1.92E~004
1.0 1.04E+000 | 9.99E-001 1.03E+000 | 1.22E+000 | 1.64FE+000 | 2.8GE+000
-1.86E+000 | -1.05E+000 | -6.42E-001 | ~2.26E-001 | -3.41E-002 | -3.54E-002
3.0 3.79E+000 | 3.22E+000| 3.03E+000 | 3.09E+Q00 | 3.65E+000 | 5.63E+000
-2.57E+000 | -1.27E+000 | -6.42E-0@1 | -9.27E-002 | -2.84E~002 | -7.30E~-001
6.0 8.28E+000 | 6.81E+000 | 6.22E+000 | G.05E+000 | 6.84E+000 | 1.02E+001
~-3.89E+000 | -1.80E+000 | -6.16E-001 | -4.92E-002 | -1.95E-001 | ~2.03E+000
9.0 1 29E+001 1.04E+001 | 9.45E+000 | 9.03E+000 | 1.01E+001 1.48E+001
-5.27E+000 | -2.34E+000 | -1.02E+000 | -3.02E-002 | -3.76E-001 | -3.32E+200
12.0 1.76E+001 1.41E+001 1.27E+001 1 20E+001 1.33E+001 1.95E+001
-6.49E+000 | -2 S8E+00Q0 | -1.22E+000@ | -1.06E-002 | -5.65E-001 | -4.59E+000
15.0 2.24E+001 1.78E+001 1.59E+0@1 1.50E+001 1.66E+001 | 2.43E+001
-7.72E+000 | -3.41E+000 | -1.41E+000 | 7.25E-003 | -7.66E-001 | -5.79E+0200
ANGULAR ERROR, deg
(96/3r = £Q.00@ deg/m)
du/ar COUPLING ANGLE  (deg)
1/sec) 30 45 60 30 120 150
25 1.27E+0@0 | 9.17E-001| 7 B7E-00! | B.32E-001 | 6.00E-001 | 7.12E-001
-1.18E-00Q1 | -2.80E-002 | © OOE+000 | -3.04E-002 | ~1.63E-001 | ~6.01E~-021
12 1.63E+000 | 1.18E+000 | 9.45E-001 | 7.15E-0@1 | 6 13E-0@1 | 6.32E-001
-3.41E~-002 | ©0.0Q0E+0Q00 | -1.20E-002 | -1.12E-001 | -3.38E-0@1 | -1.01E+000
30 3.59E+000 | 2.43E+000 | 1.83E+000 | 1.20E+000 | 8.51E-001 | 6.31E~001
-2.8BE-002 | -1.17E-Q01 | ~2.4BE-001 | -5.94E-001 | -1.22E+000 | -2.93E+000
5.0 6.64E+000 | 4.40E+000 | 3 23E+000 | 2.Q0E+000 | 1.30E+00@ | 8.04E-00Q!
-1.96E-001 | -4.15E-001 | ~6.89E-001 | -1.39E+000 | -2.60E+000 | -5.30E+000
9.0 9.62E+000 | 6.32E+000 | 4.62E+0Q00 | 2.8@E+00Q | 1.75E+000 | 1.Q0E+000
-3.84E-0@1 | -7.39E-001 | -1.13E+000@ | -2.16E+000 | -3.96E+200 | -8 83E+000
12.0 1.25E+001 | 8.20E+000 | 5.97E+00Q | 3.58E+000 | 2.20E+000 | 1.20E+000
-5.64E-001 | -1.05E+000 | -1 .57E+000 | -2.94E+000 | -5.30E+000 | -1.17E+001
15.0 ! .53E+001 1.00E+001 | 7.28E+000 | 4.33E+000 | 2.63E+000@ | 1.39E+00C
-7.66E-001 | -1.36E+000 | -2.00E+000 | -3.63E+000 | -6.59E+000 | -1.44E+001
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Table A2.- Continued.

MAGHNITUDE ERROR,

X

(96/3r = 80.000 deg/m)
du/9dr COUPLING ANGLE (deq)
(1/sac) 30 45 510] 90 120 150
0.5 G.22E-001 5.97E-001 7.02E-001 9.91E~-001 1.51E+000 2.95E+800
-2 45E+000 | ~-1.50E+000 | ~1.01E+QBQ §{ -4.95E-001 | ~2.0BE-001 | -2 .55E-062
1.0 1.00E+000 1.02E+000 1.98E+000 1.36E+000 1 .B89E+000 3. 43E+000
-2.43E+000 | -1.42E+000 | -8.89E-001 | -3.61E-0B1 | -8.82E-@B2 | -3 91E-004
3.0 3.62E+000 3. 14E+Q000 3.0BE+B00 3.15E+008 5.82E+000 6.@BE+0B0
-5 Q1E+000 | -1 .54E+000 | -8.20E-001 | -1 .57E-001 4. 15E-004 | ~5.49E~-021
5.0 5.05E+000 6.68E+000 6.15E+000 6.07E+000 6.98E+0200 1 .Q5E+001
-4 ,28E+Q00 | -2.04E+000 | -9.82E-001 { ~7 85E-002 | -1 29E-0Q01 | ~1.80E+0020
9.0 I ZBE+0Q1 1.23E+001 9 37E+000 9 OBE+0Q00 1.02E+001 1 51E+Q01
-5.56£+000 | ~2.57E+000 | -1 15E+000 | -6 12E-002 | -3.12E-001 | -5.05E+080
12.4d 1.73E+010 1 AQE+201 1 2BE+0@1 1 20E+00!1 1 .34E+001 1.99E4Q@01
-6.85E+0020 | -3 1QE+000 | —-1 35E+000 | -4.34E-002 | -4.83E-00i | -4.33E+600
15 © 2.20E+001 1.7BE+001 1 S5E+801 1.50E+001 1.67E+001 2.4BE+Q01
-5.06E+000 | ~2.61E+000 | ~1.55E+000 | -2 S1E-Q92 | ~6.62E-081 | -5 S1E+000
AHNGULAR ERROR_ deg
(36/3r = 80.000 deg/m)
ou/ar COUPLING ANGLE v deg)
t1/sge S 45 60 90 120 153
Q.5 I S1E+200 1.'15E+900 5.76E-001 8 2RE-0@t 8.0Q07E-0@1 3 85c-00
-2 DcE-Q@01 | -5 B83E-QQZ | -2 59E-20QZ | -2 I7E-00.2 | -1 TOE-@Q1 | -6.E3E-Q0
19 1 BSE+Q00 1.33E+Q00 1 14E+Q0Q 8 92E-001 5.01E-901 8 5.E-201
- 91E-@02 | -1.05E-002 | —1.29E-@Q4 | -8 T4E-GO2 | -3.25E-G@1 { —1 @LE+00W
30 > 79E+000 2 .59E+000 1.98E+200 1.24E+000 3.54E-001 S.21E-001
¢ QOQE+OR0 | -7 5QE-002 1 -1 8BE-GP1 | -5 Z7E-@01 | —-1.158E+000 | -2 &£3£+@20
5.9 & BI1E+BQ0 4 . 53E+0002 3.37E+000 2 12E+Q00 1.42E+000 9 S5E-0Q01
-1 29E-001 | -3.51E-081 | -6 Q7E-B0@1 ) -1 JOE4+Q00 | -2.52E+Q00 )} -5.83F=000
9.0 9 73E+200 6.4BE+000 4.74E+000 2.92E+000 1.87E+000 t 13E+Q00
~3 17E~-001 | -6.50E-001 | ~1 QS5E+2Q@ | -2.8BE+000 | -3.87E+00@ | -8.73E+000
12.0 1.27E+001 8.34E+000 5 QBE+000 3.69E+000 2.32E+000 1.33E+200
-4 .98E-G01 | -9.65E-001 | ~1.48E+000 | -2.84E+000 | -5.20E+000 | -1 15E+Q01
15.9 1 .55E+201 1.Q2E+001 7.38E+000 4.45E+000 2.75E+302 I = E+QOC
-5 72E-001 | -1 .27E+000 | —-1.90E+@00 | -3.59E+000 | -65.49E+0€G { -1 .E+0O!
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Table A2.- Continued.

MAGNITUDE ERROR, X%
(36/3r =102.000 deg/m)

du/dr COUPLING ANGLE  (deg)
(1/sec) 30 45 60 90 120 150
0.5 5.46E-001 | 6.58E-001| 7.88E-0@1 | 1.1SE+000 | 1.80E+000 | 3.58E+000
-3.08E+000 | ~1.92E+000 [ ~1.31E+000 | -6.60E-001 | -2.95E-001 | ~5.08E-002
1.0 9.99E-001 | 1.05E+Q00| 1.16E+0Q0| 1.51E+000 | 2.17E+Q00 | 4.04E+000
-3.04E+000 | -1.80E+000 | —1.18E+000 | -5, 13E-001 | -1.63E-001 | 1.B4E-005
3.0 3.48E+000 | 3.08E+000| 3.00E+000 | 3.24E+000 | 4.02E+000 | 6.55E+000
-3.48E+000 | ~1.84E+000 | -1.02E+000 | -2.45E-001 | 2.78E-005 | -4.21E-001
E 0 7.84E+000 | 6.SBE+000{ 6.11E+Q00 | B.13E+000 | 7.14E+000 | 1.09E+001
-4.69E+000 | -2.27E+000 | -1.12E+000 | -1.33E-001 | -8.10E-002 | -1 .56E+000
9.0 1.24E4001 | 1.02E+001| 9.29E+000 | 9.08E+000 | 1.04E+001 | 1.S5E+001
-5.95E+000 | -2.81E+000 | -1.29E4000 | -9.08E-002 | -2.47E-001 | -2.82E+000
12.0 1.70E+@01 | 1.38E+001 | 1.25E+0@1 | 1.21E+001 | 1.3BE+001 | 2.02E+Q0!
-7.18E+000 | -3.33E+000 | —1.49E+000 | -7.46E-002 | -4.20E-001 | ~4.01E+000
15.0 2.17E+001 | 1.7SE+Q01 | 1.58E+0@1 | 1.S1E+0@1 | 1.68E+00@1 | 2.50E+0Q0!
-8.38E+000 | ~3.85E+000 | -1.68E+000 | -5.81E-002 | -5.81E-201 | -5.23E+000
ANGULAR ERROR, deg
. (38/3r =100.000 deg/m)
du/ar COUPLING ANGLE  (deg)
v1sec) 30 45 60 90 120 150
05 | 61E+Q00@ | 1.39E+000 | 1.19E+0Q0 | 1.Q2E+000 | 1.01E+000 | 1.28E+000
~3.01E-001 | -9.65E-002 | ~1.75E-00C2 | -1.72E-002 | -1.77E-001 | -7.65E-00!
1.0 Z.17E4000 | 1.61E+000 | 1.34E+000 | 1.08E+000 | 1.00E+000 [ 1.15E+000
-1.65E-001 | -2.89E-002 | 0.0Q0E+000 | ~7.3CE-002 | -3.23E-001 | -1.12E+000
3.0 3.99E+000 | 2.76E+000 | Z.14E+000 | 1.49E+000 | 1.1SE+00@ | 9 99E-001
@ DOEr0OD | -3.79E-002 | ~1.42E-001 | -4.76E-001 | -1.11E+Q00 | -2.87E+300
.0 6.97E+000 | 4.68E+000 | 3.5QE+000 | 2.26E+00@ | 1.SBE+Q00 | 1.10E+000
-8.37E-002 | -2.86E-001 | -5.36E-001 | -1.22E+000 | -2.44E+000 | ~5.76E+000
9.0 9.95E+000 | 6.59E+000 | 4.87E+Q00 | 3.03E+000 | 1.99E+000 | 1.2BE+000
-2.49E-001 | ~5.74E-001 | -9.68E-001 [ -2.00E+000 | -3.79E+000 | ~8.E63E+000
12.0 1.29E+001 | 8.47E+000 | 6.21E+000 | 3.81E+000 | 2.43E+000 | 1.4BE+000
~4.31E~-001 | -8.74E-001 | —-1.40E+000 | -2.7SE+000 |-5.10E+000 | -1.14E+001
15.0 | S7E+@01 ) 1.03E+00! | 7.51E+Q00 | 4.5BE+000 | ?.87E+000 | 1.B5E+000
~5.0BE-001 | -1.18E+000 | -1.81E+000 | -3.49E+000 | -5.39E+000 | -1.41E+001

26




Table A2.- Concluded.

MAGNITUDE ERROR,

X

(96/3r =120.000 deg/m)

ou/or COUPLING ANGLE  (deg)

(1/sec) 30 45 50 30 120 150
6.5 5.B84E-001 7.19E-001 8.84E~-001 1.32E+000 | 2.10E+0Q00 | 4 22E+000
-3.73E+000 | -2.33E+000| -1.651E+0080 | -8.34E~-001 | -3.94E-001 | -9.26E-002
10 1.00E+000 | 1.09E+0Q@{ 1.23E+000| | GBE+QQ0 | 2.44E+000 | 4.64E+000
-5 BSE+00® | -2.20E+000 | ~1.45E+000 | -6.67E-001 | ~2.39E-801 | ~1.34E-003
3.0 3.36E+000 | 3.04E+000| 3.Q0E+000| 3.33E+000| 4.23E+000 | 7.03E+000
-3.99E+000 | -2.15E+000 | -1 Z24E+000 | -3 4QE-001 | -5.93E-003 | -2.95E-001
£.0 7 B2E+Q00 | 6.47E+000| G6.07E+000| G5.18E+000 | 7.31E+000 | 1 14E+001
-5 1QE+Q00 | ~2.54E+000 | ~1.29E+0@0 | —1.93E-001 | -5 @OE-002 | —1.38E+000
30 1.20E+001 1 .00E+001 9.23E+000 | 9 11E+000 | 1 OSE+00!1 1.59E+001
-6 365E+000 | -3.04E+000 | -1.44E+000 | -1 19E-001 | —1.80E-001 | -2.59E+000
120 | GBE+Q01 | S7E+001 1.24E+001 1 21E+001 1 37E+001 2.QBE+001
~-7.59E+000 | -3.57E+000 | -1.62E+000 | -1.04E-001 | -5.56E-001 | ~3.76E+000
15 0 2 15E+001 1.74E+001 1.57E+001 1.51E+001 1.70E+001 2 .54E+201
-8.79E+000 | -4 QSE+080| —-1.82E+Q00 | -8.94E-002 | -5.20E-001 | -4.94E+000

ANGULAR ERROR, deg
(36/3r =120.000 deg/m)
du/ar COUPLING ANGLE  (deg)

{1/3mc 30 45 60 99 120 150
05 2.11E+000 | 1.63E+000| 1 40E+Q02 | 1.22E+000 | 1 Z3E+000 | 1.S57E+020
-4 @QIE-001 [ ~1.35E-0@1 | -3 12E~Q02 | —1.4BE-002 | ~1.88E-001 | -8.51E-001
1.0 D.46E+000 | 1.84E+Q2D| 1 S4E+Q00 | 1.27E+Q000 | 1.20E+000 | 1 42E+Q00
-2.42E-001 | -5.83E-002 | -4 43E-004 | -5.8%E-002 | -3 20E-001 | -1 18E+000
3.0 4,20E+008 | T.94E+000Q| 2.31E+000 | 1.6SE+Q000 | 1 31E+080 | 1.20E+000
-5,92E-003 | -1.84E-002 | -1 Q2E-001 { -4.26E-001 | —1.06E+000 | -2 S87E+000
6.0 7 17E+000 | 4 B4E+QQD | 3.64E+000 | 2.39E+000 | 1.69E+000 | 1.26E+Q00D
-5.@8E-002 | -2 22E-001 | -4.74E-001 | -1 16E+000 | -2.37E+000 | ~5.69E+000
9.0 1.01E+Q01 6.74E+000 | GS.01E+000 | 3.16E+000 { 2.12E+000 [ 1| 4DE+200
-1 B1E-00! | -5.03E-001 | -8.86E-001 | -1.91E+000 | -3.70E+000 { -8.53E+000
120 1 3QE+201 8.60E+200 | 65.3G5E+000 | 3.92E+000 | 2.55E+000 | 1.59E+Q20
-3.63E-001 | ~7.87E-001 | -1.31E+000 | -2.6G6E+000 | -5.00E+000 | -1 13E+001
15 0 | .5BE+001 1.04E+001 7.65E+000 | 4.68E+0@0 | 2.99E+000 | 1.7BE+200Q
-5.38E-0@1 | -1.09E+000 | -1.73E+000 | -3.39E+000 | -6.29E+000 | -1 .40E+001
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Table A3.- Variation of magnitude error and angular error with coupling angle,

du/ar, and 2ae/3r for Ar = 3.0 cm.
HAGNITUDE ERROR, X
(396/9r = 1.000 deg/m)
du/ar COUPLING ANGLE (deg)
{(1/sec) 20 45 60 90 120 150
0.5 2.21E+000 1.79E+000 1 .60E+000 1.50E+000 1.63E+000 2.30E+000
~-7.86E-001 | -3.34E~001 | -1.30E-001 1.41E-005 | -1 .00E~0Q01 | -5.96E~-001
1.0 4.48E+000 3.60E+0200 3.22E+000 3.00E+000 3.25E+000 4.,58£+000
-1.51E+000 | -6.34E-001 | -2.43E-001 1,45E-005 | -2.13E-001 | -1 .42E+Q00
3.0 1.37E+001 | .Q9E+001 9.71£+000 9.00E+000 9,74E+000 1.38E+001
-4 ,22E+000 | -1,79E+000 | -6.77E-001 1.63E-Q05 | ~6.47E-001 | -4.14E4+000
6.0 2.BIE+001 2.21E+0201 1.95E+001 1.80E+001 1.95E+001 2.81E+00Q1
-7.93E+000 | ~3.39E+000 | -1 .27E+000 1.91E-005 | —1.24E+000 | -7.83E+000
90 4 .28E+001 3.34E+001 2 93E+001 2.70E+001 2.93E+001 4.29E+001
-1.11E+Q01 | -4.81E+000 | -1.79E+000 2.21E-005 | -1 . 77E+000 | ~1.11E+Q01
12.0 5.79E+001 4,47E+001 3.92E+001 3.60E+201 3.92E+001 5.8QE+001
-1.38E+00@) | -6.05E+Q06 | -2 .26E+0Q00 2.54E-005 | -2.22E+000 | ~-1.37E+001
15.9 7 35E+0201 5.63E+0201 4.91E+001 4 ,50E+001 4.91E+001 7.36E+001
-1.64E+001 | -7, 17E+000 | -2.74E+200 2.88E-005 | -2.69E+0200 | -1 .63E+00 1
ANGULAR ERROR, deg
(96/93r = 1.000 deg/m)
au/ar COUPLING ANGLE (deq)
t1/s5ac) 349 45 60 390 120 150
0 s 1 B1E+Q00 | 1.05E+000 | 7.54E-001 | 4 42E-001 | 2.61E-001 1.29E~001
-9.93E-002 | -1.61E-001 | ~2.31E-0@1 | ~4.12E-001 [-7.24E-001 | -1.58E+0Q0
{ ] 3.17E+000 2 .@BBE+000 1.48BE+000 §.62E-001 5.04E-001 2 12E-001
-2.12E-001 | -2.32E-001 | -4.74E-Q01 | -8.32E-001 | -1.45E+000 | -3.14E+000
3.9 3.21E+000 5.97E+000 4_.28E+000 2.48E+000 1.44E+000 6.76E-0d1
-6.46E-@01 | -9.97E-001 | -1 .41E+Q000 | -2.45E+000 | -4.25E+000 | -S.17E+p@0O
6.2 1.76E+0Q0Q1 1.14E+001 §.21E+000 4.73E+000 2.74E+000 1.28E+000
~1.25E+000 | -1.94E+0060 | -2.71E+000 | ~4.71E+000 |-8.17E+000 | -1.75E+001
9.9 2.51E+001 | G4E+0Q01 1.18E+001 6.84E+0Q00 3.94E+000 1.84E+000
-1.81E+000 | -2.81E+000 | ~3.91E+002 | -6.80E+000 {-1.18E+001 |-2.50E+201
12 0 3.20E+001 2.10E+001 1 .51E+001 8.738E+000 5.05E+000 2.3bE+200
-2.33E+000 | ~3.62E+000 | -5.02E+000Q | -8.75E4+000 |-1.51E+001 | ~3.19E+001
15.0 3.82E+001 2.52E+001 1.82E+Q@01 1.06GE+081 BE.11E+000 2.83E+000
-2.80E+000Q | -4.38E+00Q | -6.07E+000 |-1.QBE+00t |-1.82E+B01 |-3.81E+001
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Table A3.- Continued.

MAGHITUDE ERROR, X%

(36/3r = 5.000 deg/m)
ou/ar COUPLING ANGLE (deg)
(1/sec) 30 45 60 9@ 120 150
0.5 2.05E+000 1 .ESE+Q00 1.55E+660 1.51E+000 1.71E+000 2.51E+000
~-9,.93E-001 | -4.53E-001 | -2.05%E-0@) | -1.16E-002 | -5,23E-002 | -5.3EE-001
1.0 4 ,31E+000 3.51E+000 3.1BE+000 3.00E+000 3.31E+020 4.77E+000
-1.70E+200 { -7.51E-Q@1 | -3.07E-001 | -6.26E-004 | -1.53E-0@1 | -1 .24E+000
3.0 1 .35E+0@1 1.88E+QO1 9.64E+000 9.20E+000 9.81E+000 1.40E+001
-4 43E+000 | -1.91E+200 | -7.36E-001 4.07E-004 | -5 B7E-Q01 | -3 97E+000
5.0 ~ T9E+001 2.20E+0Q01 1.94E+001 1 .E0E+201 1.96E+001 2.83E+001
-8.13E+000 | -3.5CE+200@ | -1 .33E+000 4 77E-004 | -1.18E+000 | -7.62E+000
9.0 4.26E+001 3.32E+001 2.92E+001 2.70E+001 2.94E+001 4.31E+001
-1 13E+RG1 | —4.82E+000 [ -1 B5E+0Q4@ 5.G3E-004 | -1 71E4+000 | -1.09E+Q0Q!
12.9 5 TT7E+201 1.46E+0Q01 3.91E+001 3 BOE+0Q@1 3 93E+001 5.82E+001
-1.42E+001 | -6 15E+000 | -2.34E+000 6.34E-004 | -2, 17E+000 | -1.36E+001
15.0 7.33E+001 5.6ZE+@01 4.90E+G01 4.5QE+Q01 4.92E+001 7.38E+Q01
-1.67E+001 | -7.32E+000 | -2.B83E+200 7T Z1E-004 | -2 GRE402Q | -1.B1E+021
ANGULAR ERROR, deg
(36/9r = 5.000 deg/m)
au/ar COUPLING ANGLE (deg?’
{(1/sec) 30 45 60 90 120 150
8.5 1.6B8E+000 1111E+0@0 8.22E-0021 5.09E-201 3 29E-001 -.O5E-001
-5 21E-002 | -1.0BE-201 | -1 7BE-@Q1 | -3.58E-00! | -6.70E-001 | -1.53E+000
1 @ 3.25E+000 2.13E+000 1 .55E+000 9.24E-081 5 BBE-001 5.04E-001
-1.51E-001 | -2.80E-201 { -4.14E-001 7.72E-001 | -1 39E+000 | -53.08E+Q00
3.0 9 2SE+000 5.04E+000 4 ,35E+000 2.54E+000 1.50E+0@0 7.36E-001
-5.8BE-Q0] | -5.38E-001 | -1 35E+000 2 38E+000 | -4.18E+000 | -9 09E+000
6.0 1.77E+001 1.15E+001 8.2B8E+200 4.81E+200 2.80E+@0Q 1 34E+000
-1.19E+000 | -1.87E+200 | -2.65E+000 | ~4.65E+000 | -8. 10E+008 | —1. 74E+001
9.0 2.52E+001 1 B5E+001 1.19E+01 6 91E+000 4,00E+000 1.90E+200
-1.75E+4900 | -2.74E+000 | -3 85E+Q00 | -6.73E+000 | -1.17E+001 | -2.49E+081
12 0 3.21E4+001 2.11E+001 1.52E+02061 8.86E+000 5.13E+000 2.41E+200
-2.27E+000 | -3.55E+000 | -4.96E+000 | ~8.68E+000 { -1.50E+001 | -3.1BE+281
15.0 3.83E+001 2.53E+001 1.83E+00Q1 1.07E+001 6.19E+000 2.68E+000
-2.74E+000 | -4.31E+000 | -6 Q0E+0Q00 | -1 .05E+001 | ~-1.8B1E+001 [ -3.80E+Q0Q1
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-~ Table A3.- Continued.

MAGNITUDE ERROR, X
(%6/0r = 10.000 deg/m)

du/or COUPLING ANGLE (deq)

(1/sec) 30 45 60 99 120 150
8.5 1 .89E+0020 1.61E+000 1.52E+000 1 .54E+000 1.82E+GQ0 2.80E+@00
-1.29E4+000 | -6.31E-00Q1 | ~-3.20E-Q0B1 | -4.54E-002 | ~1.S1E-0082 | -3.75E~001
1.0 4.12E+000 3.39E+000 3.11E+000 3.02E+000 3.42E+000 5.04E+000
-1.97E+200 | -9.04E-20) | -4.08E-001 | ~2.37E-002 | -1.02E-Q01 | ~1,05E+000
3.0 1.33E+001 1.07E+001 9.56E+000 9.00E+00Q 9.89E+000 1.43E+001
-4.69E+000 | -2 05E+000 | -8.12E-001 1.63E-803 | -5.12E-001 | -3.75E+380
6.9 - .76E+001 2.18E+001 1.93E+00!1 1.80E+201 1.87E+C0Q1 2 .86E+00!
-8.39E+000 | -3.64E+000 | -1.40E+000 1.91E-003 | ~1.11E+Q@0 | -7.36E+0Q00
9.0 4.24E+001 3.31E+001 2.91E+001 2.70E+001 2.95E+001 4.34E+001
-1 16E+001 | -5.05E+000 | —-1.94E+000 2.21E-003 | ~1.B4E+000 | -1,06E+001
12 @ 5.75E+001 4.44E+001 3.90E+201 3.60E+001 3.94E+001 5.85E+001
-1.43E+001 | -6.27E+000 | -2.45E+Q00 2.54E-003 | -2.10E+320 | -1 .34E+00)
15.0 7.30E+001 5.BQE+Q01 1.8Q0E+001 4.50E+001 4.83E+001 7.40E+001
-1.70E+021 | -7.50E+000 | -2.94E+000 2.86E-003 | ~2.50E+000 | -1 .58E+00I

ANGULAR ERROR, deg
(36/8r = 10.200 deg/m)
su/ar COUPLING ANGLE {deg)

‘1/sec? 30 45 60 50 120 150
0.5 1.80E+000 1.22E+000 3.21E-001 6.02E-001 4.,27E-001 3. 16E-00I
-1.51E-002 | ~6.24E-002 | -1 .25E-001 | -3.B1E-Q01 | -6.16E-Q01 | -1.48E+002
1.9 3.35E+000 2.22E+Q00 1.64E+000 1.01E+000 6.55E-001 4,04E-001
-1.02E-001 | -2.14E-201 | ~3.53E-001 | -7.08E-001 | -1 .33E+000 | -3.02E+000
3.0 9.39E+000 6.12E+000 4.44E+000 2.62E+000 1.87E+Q00 8 09E-001
-5.10E-001 | -B.72E-001 | -1 .27E+000 | -2.32E+Q00 | -4 1Z2E+000 | -8 G3E+000
E.0 1.78E+201 1. 1BE+Q01 §.37E+Q0D 4.83E+000 - .BBE+D00 1.4 104200
-1.12E+000 [ -1 .79E4000 | -2.58E+000 | -4.57E+000 | -8.Q1E400Q0 | —1.73E4001
9.0 2.54E+001 | .66E+001 1 Z20E+001 7.00E+000 4.Q9E+500 1.97E+000
-1.68E+00@ | -2.655E+000 | -3.78E+000 | -6.B4E+000 { -1 .1B6E+00! | -2 4B8E+001
12.0 3.22E+001 2.12E+001 1 .53E+001 8.95£+000 5.22E+000 2.49E+000
-2.19E+000 | -3.47E+000 | -4.89E+000 | -8.58E+000 | ~1.49E+Q01 { -3, 1EE4
15.0 3.8B5E+0@1 2.54E+001 1.84E+001 1.08E+001 6.28E+000 2.S6E+0RQ
~2.67E+000 | -4.22E+000 | -5.91E+000 | -1 .04E+001 | -1 8RE+D@1 | ~3.78E+001
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Table A3.- Continued.

MAGHITUDE ERROR,

4

(36/3r = 20.000 deg/m)

du/or COUPLING ANGLE  (deg)

(1/sec) 30 45 60 30 120 150
0.5 1.67E+@20 | 1.52E+000 | 1.50E+000 | 1.G6E+000 | 2.11E+000 | 3.50E+000
~1.99E+000 | -1.07E+000 | ~6.11E-001 | -1.66E-06@1 | -1.36E-003 | -1.56E-001
1.0 3.79E+000 | 3.22E+000 | 3.03E+000 | 3.09E+000 | 3.65E+200 [ S.63E+000Q
-2 .57E+000 | -1.27E+Q00 { -5.42E-001 | -9.27E-002 | -2.84E-002 | -7.30E-001
5.0 1 29E+201 1.04E+001 9.4GE+000 | S.03E+000 | 1.01E+001 1.48E+001
-5.20E+0080 | -2.34E+000 | -1.02E+000 | -2.00E-002 | -3.76E-001 | -3.32E+000
5.0 2. 7CE+Q01 2. 1GE+001 1.92E+001 1.80E+001 1.99E+001 2.91E+001
-5.88E+000 | -3.91E+000 | -1 .60E+000 | 7.63E-003 | ~-9.60E-001 | -5.91E+000
9.0 4 18E+001 3.28E+001 2. 9RE+201 2.70E+001 2. 97E+001 4 39E+001
-1 2Q0E+@01 | -5.31E+000 | -2.15E+000 | B8.B84E-005 | -1.50E+000 | -1.01E+Q01
129 5.70E+001 4 J2E+001 5.89E+001 5 BRE+301 3.9BE+001 5.91E+001
-1.49E4001 | -6 B4E+0Q0 | -2 B7E+000 | 1.@1E-002 | -1.97E+000 | -1.29E+001
15.0 7.25E4001 5.58E+001 4.88E+001 4 SQE+OD1 4, 95E+001 7.45E+001
-1.75E+901 | -7.86E+000 | -3 1GE+000 | 1 1SE~-Q@2 |-2.38E+000 | -1.52E+001

ANGULAR ERROR_ deg
(98/93r = 20.000 deg’/m)
Ju/ dr COUFLING ANGLE  (deg:

i sec: 30 45 50 90 120 150
05 2. 10E4000 | 1 4TE+Q00 | 1.15E+0Q00 | 8.23E-801 6 .56E-201 5.01E-001
-1 35E-Q@C [ -1 @ZE-P@Z | -5 IZBE-0Q2 | -C.1T7E-001 [-5.41E-801 {~-1 4GE+000
1 Q 3.59E+800 | 2 AZE+Q0@ | 1 S3E+090 | 1 20E+200 | 8 S1E-001 5.31E-001
-2 .BEE-Q02 | -1.17E-00Q1 | -2 AGE-001 | -5 94E-@061 |-1.22E+000 |-2.93E+000
30 9.G2E+00Q | 6 37E+000 | 4.B2E+000 | 2 80E+000 | 1 7SE+200 | 1.80E+000
-3.84E-001 | -7.39E-001 | ~1.13E+000 | -2.1GE+000 |-3.96E+008 | -8 S3E+000
£ 0 1, 80E+001 1.18E+001 | 8.55E+000 | S.27E+000 | 3.06E+00Q | 1.57E+000
-9 B3ZE-Q01 [ -1.65E+0@0 | -2.453E+000 | —4.42E+000 | -7.84E+000 | -1.71E+001
90 2 .S7E+001 1.68E+001 1.22E+0Q1 7.17E+020 | 4.27E+000 | 2.11E+000
-1.S2E+000 | -2.49E+000 | -5.63E+000 [ -6.49E+000 |-1.14E+D01 |-D2.46E+001
12 0 3.25E+001 | 2.14E+00| 1 .55E+001 9.12E+0900 | 5.40E+000 | 2.63E+200
-2.04E+000 | -3.29E+000 | -4.74E+000 |-B.41E+000 |-1 47E+001 |-3.13E+00!

|
15 0 3.88E+001 2.G57E+001 1.86E+001 1.09E+001 6.46E+B00 | 3.1@E+Q00
~-2.52E+000 | -4 BSE+000 | -5.76E+000 | —~1.02E+201 |-1.78E+001 |-3.74E+00!
|
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Table A3.- Continued.

’3 —tts

—

MAGNITUDE ERROR; X

(96/0r = 40.000 deg/m)
ou/ar COUPLING ANGLE  (deg)
(1/sec) 30 45 60 50 129 150
@.5 1.G1E+000 | 1.52E+008| 1.63E+000 | 2.04E+000 | 2.84E+000 | 5.16E+200
-3.66E+000 | -2 14E+000 | -1.35E4000 | -5.46E=001 | -1.36E-001 9.41E-004
1.0 3.36E+000 | 3.04E+006 | 3.00E+000 | 3.33E+000 | 4.23E+000 [ 7.03E+000
-3.99E+060 | -2. 1564600 ) -1.24E+4000 | -3.40E~-001 | ~5.93E-003 | -2 95E-001
39 1.22E+001 1.00E+001 9.23E4000 | 9.11E+00B8 | 1.05E+001 1 :59E+801
-5.36E+000 | -5.04E+000 | —1.44E+4000 | -1.1SE-0@1 | <1.80E-001 | -2.59E+000
5.0 T.B3E+B01 | 2.11E+001 1.89E+001 1.81E+001 | 2.02E+00t | 3.02E+001
-9,95E+000 | -4.59E+000 | -2.01E+000 | -7.40E-002 | -6.72E-001 | ~6. 1QE+000
9.9 4. 10E+001 3.23E+@01 2 B7E+001 2 7UE+Q01 3.01E+001 4. 49E+001
-1.326+001 | ~6.02E+000 | -2.56E+000 | -2 SEE-002 | -1 .20E+000 | 9.1 1E+000
120 5.61E+001 1.37E+001 3 8GE+Q01 | 3.BOE+Q01 4.00E+001 | B.Q1E+001
-1.61E+001 | =7 S4E+00D | -3.08E+000 | 2.64E-002 | -1.69E+000 | —-1.20E+001
15 @ 7.15E+001 | 5.52E+001 4.85E+001 4 SRE+201 | 4.99E+001 | 7.G56E+001
-1 8GE+001 | ~8.55E40060 | -5.55E+000 | 4.61E~-002 | ~2.12E+000 | —1.44E4001
ANGULAR ERROR, deg
(36/8r = 40 200 deg'm)
du/ dr COUFLLING ANGLE  (deg)
vlsec 30 45 60 9@ 170 150
D5 2 GBE4G20 | I Q9E+000 | 1.7IE+000 | 1.J4E+000 | 1.20E+Q0C | 1.37E+000
-1 37E-001 | -1 BBE=002| O QOQE+E00 | -1 29E-001 | -4.82E-0681 | -1.56E+00U
1.0 4.27E+000 | 2 94E+Q0Q( T SIE4Q00 [ 1.BSE+Q00 | 1 31E+000 | 1.20E-000
~5.92E-0035 | ~1.84E-002 | -1.02E-001 | -4.26E-081 | -1 QBE+000 | -7 g7Lrd0w
3.9 1.01E+001 | B6.74E+000 | G.01E+DQ0 | 3.16E+000 | 2.12E+000 | 1 49E+000
-1.81E-001 | -5 QYE-201 | -8 86E-001 | -1.91E+d0@ | -35.70E+000 | -8.57E+000
§.0 1.8BE+001 1.22E+001 2.93E+000 | 5 42E+000 | 3 41E+000 | 1 97E+000
~7.08E-001 | -1.39E+000 | -2 13E+200 | -4.11E+000 | -7.54E+000 | -1 &7E+a0]
5.0 2.B3E+Q01 1 73E+001 1 2BE+001 7 SOE4+006 | 4.62E+000 | 2.50E+000
-1 21E+000 } -2.22E+000 | -3 37E+000 | -6.19E+000 |-t 11E+001 | -2 41E1001
12.0 3.32E+001 2 19E+001 | .59E+001 9.47E+000 | S.76E+000 | 5.03E+000
~1.73E+000 | -2.99E+000 | ~4.43E+B00 | -8.08E+000 | ~1.44E+001! | -3 @7E+d1
15 0 3.95E+001 2.61E+001 1.91E+001 1.13E+001 | 5.81E+000 | 3.51E+600
-2 21E+000 | -3.70E+000 | -5.4BE+000 | -9.86E+000 | ~1.74E+001 | -5 G6BE+0Q1
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Table A3.- Continued.

MAGNITUDE ERROR,

f4

(96/3r = 60.02® deg/m)

ou/ar COUPLING ANGLE (deg)
(1/sec) 30 45 51 90 120 150
@.5 i GOE+000 1 .63E+000 1.84E+000 2.48E+000 3.67E+000 5.98E+000
-5.49E+000 | -3.32E+000 | —-Z2.19E+000 | -1 QI1E+@Q0 | -3.6GE-001 | -5.79E-003
1.0 3.14E+000 2.99E+000 3.10E+000 3 6BE+G00 4.94E+000 8.65E+0020
-5.62E+000 | -3.18E+000 | -1.96E+00Q | -7.Q1E~-001 | -1 .15E-001 | -9 14E-002
3.0 1.15E+001 9,.72E+000 S.10E+000 8.27E+000@ 1 10E+001 1.72E+601
-7.61E+000 | ~-3.83E+000| -1.95E+000 | -3.00E-001 | -6.52E~-002 | -1 .96E+020Q
6.0 2 G5E+001 2 .0BE+Q0! 1.87E+001 1 B1E+00G1 2.07E+001 5. 13E+001
-1.11E+001 | -5.2BE+000 | -2.41E+000 | -1 .63E-001 | -4 8BE-0@1 | ~5.23E+Q00
9 @ 4 Q1E+Q01 3.18E+001 ~.B84E+001 2.71E+001 3.04E+001 4 B1E+Q01
-1 43E+00t } -6.71E+000| -2.95E+000 | -1.29E-001 | -3.Q1E-@@1 | -8.36E+000
12.0 5 G2E+001 4 .31E+001 3.83E+001 3.61E+001 4 Q4E+001 6.12E+001
-1 71E+Q@01 | -€8 Q1E+Q00 | -3 4BE+00B | -9 17E-@Q2 | -1 .36E+000 | -1.1Q0E+001
150 7 O5E+001 5.4BE+001 4 BIE+001 4 . 50E+001 5.03E+001 7 BBE+QO1
-1.94E4+001 | -9.19E+000 | -5.92E+000 | -5.2Z2E-002 | -1 .83E+000 | -1 .35E+001
g ANGULAR ERROR, deg
(96/9r = B0 Q0@ deg/m)
du/dr COUPLING ANGLE (deqg)
{1/sec) 30 45 60 90 120 150
2.5 3 71E+000 2.77E+000 2 32E+G00 | 3BE+000 1 BGE+QR0 2 1CE+B00
-3.74E-001 | -9.10E-Q0QZ2 | -1 92E-BB5 | -8.62E-002 | -4 73E-001 | ~1.75E+000
1.0 4.96E+00Q 5.55E+000 2.85E+000 2 15E+000 1.84E+000 1 89E+000
-1.17E-001 0.00E+0Q0 | -3.21E-002 | -3 ZI1E-901 | -9.83E-0@01 | -2 91E+000
3.9 1.07E+001 7.21E+000 5.43E+200 3 S5BE+0Q00 2.53E+000 1 88E+00¢
-6.68E-002 | -3 17E-001 | -6 B4E-001 | -1 BOE+0@D | -5.48E+000 | -8 ZZE+Q00
6 @ 1.92E+0@1 1.27E+001 9 34E+000Q 5 79E+000 3.76E+0020 2 S5E+000
-5.02E-001 | —-1.12E+00D | —1.88E+000 | -3.B4E+000 |} -7 23E+0060 | -1.63E+Q01
9.0 2.68E+001 1.77E+001 1.30E+001 7.88E+000 4.97E+000 2 90E+0006
-9 B2E-Q01 | -1.95E+000 | -3.02E+200 | -5 8BE+0Q@ | -1 .08BE+0QQ1 | -2.55E+201
12.0 3.39E+001 2 24E+001 | G4E+Q01 9 84E+000 6.10E+000 J.ATE+Q0D
-1.42E+000 | -2 72E+0Q00 | -4 12E+Q0@0 | -7.78E+000 | -1 40E+GQ@1 | -3 QTE+201
15.0 4.02E+001 2.67E+001 1.95E+001 1. 17E+001 7.16E+0VQ J.91E+000
-1.88E+000 | -3.43E+000 | -5.16E+000 | -9.53E+000 | -1 70E+001 | -3.62E+0201
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Table A3.- Continued.

MAGNITUDE ERROR, %

(36/8¢ = 80.000 deg/m)
ou/or COUPLING ANGLE  (deg)
(1/sdc) 30 45 g0 90 120 150
8.5 1.,55E+000 | 1.78E+00¢| 2.09E+000| 2.9BE+000| 4.53E+000| 8.87E+000
-7.389E+000 | -4.54E+000| -3.07E+000 | -1 .51E+000 | -6.36E-001 | -8, 49E-002
1.0 3.03E4000 3.04E+000 3.26E+000 4. 38E+009 5.71E+200 {.04E+001
-7.376+000 | -4.31E+000 | -2.75E+000 | ~1.12E+000 | ~2.90E-001 2.B4E-0035
3.0 {.{eE+001 9,45E+000| 9.03E+000| 9.48E+000 |, 15E+801 i .85E+001
-9.00E+0D0 | -4.66E+000| -2.53E+080 | -5.24E-001 1.B6E-0@3 | -1.43E+000
6.0 2. 47E+0M1 2, 02E+001 1.8GE4+001 1.82E4+001 2.1 {E+061 3.25E+001
-1.23E+001 | -6.01E+000 | -2.93E+000 | ~2.90E-001 | -2.87E-031 | ~4.59E+000
9.0 3.92E+001 3.13E+001 2.82E+001 2.72E+001 3.09E+001 4.72E+001
-1.54E4001 | -7.3RE+000 | -3.40E+000 | -2.14E-001 | -7.27E-081 | -7.56E+000
12.0 5.42E+001 4.26E+001 3.80E+001 3.61E+001 4.07E+0@1 | B.23E+001
~-1.82E+001 | -8.64E+@00| -3.85E+800 | -1.90E-001 | ~1.07E+000 | ~1.B1E+001
15.9 6.97E+00Q1 5.40E+001 4.78E+001 4.51E+001 5.07E+001 7.79E+001
-2 ,08E+001 | -9.78E+200 | -4.29E+000 | -1.64E-001 | -1.51E+800 | -1 .26E+801
ANGULAR ERROR, deg
(36/0r = 8p.008 deg/m)
du/ar COUPLING ANGLE  {(deg)
{(1/sec) 30 45 6@ 99 120 150
0.5 4.51E+000 | 3.48E+000| 2.94E+000| 2.48E+000 | 2.4°E+dée0 | Z.95F+0de
-6.68E~-001 | -1.92E~-001 | -3.00E-002 | -6.44E-002 | -4.,88E-001 | -1 ,96E+000
1.0 G.79E+000 | 4.20E+Q00| 3.43E+000| 2.69E+000 | 2.41E+000 | 2.64E+000
-3.00E-001 | -3.876-002| 0.00E+000 | -2.47E-001 | ~9.35E-001 | -3.03E4+000
3.0 1.14E+001 7.73E+000| 5.90E+000 | 4.00E+000 | 2.97E+000 | 2.47E+000
0.00E+000 | -1 .89E-001 | ~5.08E~001 | -1.49E+000 | -3.28E+008 | -8, 16E+000
6.0 1.98E+001 {.31E+001 9.75E4000 | G.18E+00D | 4.17E+200 | Z2.81E+800
-2.90E-001 | -5.20E-001 | ~1.63E+000 | -3.58E+000 | -6.97E+000 | -1.59E+001
9.0 2.76E+001 1.82E+801 1.34E+001 8.28E+000 | 5.3BE+900 | 3.27E+000
~7.72E-001 | -1.67E+000 | -2.77E+000 | -5.57E+000 | -1.04E+061 | -2.31E+d01
12.0 3.AGE+001 ] 2.29E+001 | .68E+001 1.02E+001 E.4GE+Q00 | 3.79E+000
-1.21E+000 | -2.45E+000 | -3.81E+000 | -7.47E+000 | -1 .36E+001 | -2.97E+001
15.9 4.1Q0E+001 2.72E+001 1.99E+001 1.21E+001 | 7.SQ0E+000 | 4.078E+000
~1.61E+000 | -3.1BE+000| -4.84E+000 | -9.23E+000 | -1.67E+001 | -3.96E+Q01
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Table A3.- Continued.

MAGNITUDE ERROR,

Z

(36/3r =100.000 deg/m)

du/or COUPLING ANGLE  (deg)

(1/sec) 30 45 50 90 120 150
0.5 1.64E+000| 1.95E+000| 2.3BE+000| 3.45E+000| S.40E+000| 1.08E+Q01
-9.32E+000 | -5.79E+000| -3.97E+000 | -2.02E+000 [ -9.22E-001 | ~1.81E-001
1.0 2.98E+000 | 3.13E+000| 3.45E4000! 4.51E+000) B5.52E+000] 1.22E+001
-9.18E+000 | -5.49E+000| -3.58E+000| -1.58E+008 | -5. 15E-001 9.63E-004
3.0 1.06E+001 9,.28E+000| 68.98E+000| 9.71E+000| 1.21E+001| 2.00E+001
-1.05E+001 | -5.61E+000| -3.14E+000| -7.85E-001 1.77E-003 | -1.0BE+000
5.0 2.41E+001 1.99E+001 1.83E+001 1.84E+001 | 2.16E+001 | 3.38E+00!
-1.37E+001 | -6.84E+000| -3.42E+000 | -4,75E-001 | -1.70E-001 | ~3.91E+000
9.0 3.85E+001 | 3.09E+001| 2.80QE+@@1| 2.72E+001| 3.14E+001 | 4.84E+001
-1.67E+001 | -8.17€+000| -3.91E+000 | ~3.10E~-001 | -5.32E-001 | -6.71E+000
12.0 G.35E+081 | 4.21E+Q01| 3.78E+001| 3.62E+001] 4.12E+001| 6.36E+001
-1.95E+001 | -9.42E+000| -4.38E+000 | -2.68E-001 | -9.13E-001 | -9.43E+000
15.0 6.89E+001 [ 5.3BE+001| 4.76E+0Q01 4.52E+0Q1 | 5.11E+001 | 7.9QE+001
~2.20E+001 | -1 .0BE+001| -4.84E+000) -2.52E-001 | -1.20E+000 | ~1.16E+001

ANGULAR ERROR, deg
(36/3r =100.000 deg/m)
du/ar COUPLING ANGLE  (deqg)

(1/sec) 30 45 60 99 120 150
0.5 5.55E+000| 4.21E+000| 3.S9E+000| 3.07E+000| 3.04E+000| 3.79E+000
-9,73E-001 | -3.16E~001| -6.22E-002 | -4.42E-002 | ~5.00E-001 | -2.18E+000
1.0 5.67E+008| 4.B9E+000| 4.03E+Q00| 3.74E+000 | 2.99E+000| 3.41E+000
-5.50E-001 | ~1.07E-001{ 0.Q0E+000 | ~2.00E-001 | ~9.19E-001 | -3.18E+000
3.0 1.21E+001 | ©8.28E+000| 6.40E+000) 4.45E+000 | 3.44E+000| 2.93E+000
0.00E+000@ | -9.15E-002) -3.72E~001 | -1.32E+000 | -3.12E+000 | -8.02E+000
6.0 2.05E+001 1.37E+001 1.02E+001 | 6.58E+000 | 4.57E+000 | 3.27E+000
-1.87E-001 | -7.14E~001{ -1.42E+000 | -3.33E+000 | -6.71E+000 | —1.5BE+201
9.0 2.83E+001 1.87E+001 1.39E+001 | 8.67E+000 | 5.75E+000| 3.73E+000
-5.51E-001 | -1.45E+000| -2.52E+000 | -5.31E+000 | -1.01E+Q01 | -2.27E+001
12.0 3.53E+001 | 2.35E+001 1,72E+001 1.06E+001 | 5.86E+000 | 4.17E+000
-9.97E-001 | ~2.16E+000| -3.56E+000 | -7.15E+000 | -1.33E+001 { -2.92E+001
15.0 4.18E+001 | 2.78E+Q01| 2.04E+001 1.25E+0@1 | 7.92E+000 | 4.64E+000
-1.40E+000 | -2.88E+000( -4.52E+000 | -8.92E+000 | -1 .63E+001 | ~-3.58E+001
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Table A3.- Concluded.

MAGNITUDE FRROR, ¥
(96/8r =120.000 deg/m)

au/or COUPLING ANGLE  (deg)

(1/sec) 30 45 60 9 126 150
0.5 {.73E4000 | 2.13E+000| 2.63E+@00 | 35.95E+000 | 6.28E+000 | 1.27E+001
-1.13E+001 | -7.05E+000 | -4.88E+000 | -2.55E+000 | -1.23E+000 | -3. {5E-001
1.0 | 3.01E+000 | 3.24E+000| 3.68E+000 | 4.97E+000 | 7.36E+000 | 1.40E+001
-1.11E+001 | -6.696+000 | -4.45E+000 | -2.07E+000 | -7.72E-001 | -3.38E-002
3.0 1.026+001 | 9.14E+000| 9.02E+000 | 1.d0E+0@1 | 1.28E+001 | 2.1GE+001
-1.20E+001 | -6.59E+000 | -3.84E+4000 | -1.12E+000 | -5.50E-002 | -7.03E-001
6.0 | 2.35E4001 | 1.95E+001 | 1.82E+@01 | 1.85E+001 | 2.21E+001 | 3.51E+001
-1.50E+0@1 | ~7.64E+000 | -5.99E+000 | -6.45E-001 | ~7.57E-002 | -3.32E+000
9.0 | 3 78E+001 | 3.05E+001 | 2.78E+@01 | 2.74E+001 | 3.18E+001 | 4.97C+de1
~1.80E+001 | -8.9BE+000 | -4.41E+000 | -5.07E-001 | -3. 14E-001 | ~6.08E+000
12.0 | 5.27E+001 | 4.17E+001 | 3.75E+001 | 3.63E+001 | 4.17E+001 | 6.48E+001
-2.08E+001 | ~1.02E+001 | -4.89E+000 | -3.59E-001 | -7.27E-001 | -8.55C+000
15.0 | 6.80E+001 | 5.31E+001 | 4.73E+001 | 4.52E+001 | 5.16E+001 | 8.02E+001
~2.32E+001 | ~1.14E+001 | ~5.35E+000 | -3. 186-001 | -1.05E+006 | -1,09E41 001

ANGULAR ERROR, deg
(96/9r =120.000 deg/m)
Ju/or COUPLING ANGLE  (deg)

{(1/sec) 30 45 6@ 92 120 150
9.5 | 6.50E+000 | 4.965E+000 | 4.74E+000 | 3.66E+000 | 3.67E+000 | 4.652E+000
~1.32E+000 | -4.456-001 | -1.116-001 | ~3.66E-002 | -5.766~-001 | -2.39E+000
1.0 | 7.58E+000 | S5.50E+000 | 4.66E+000 | 3.82E+000 | 5.60E+000 | 4.21E+000
-8.21E-001 | -2.04E-001 | -1.156-002 | -1.60E-001 | -9,05E-0@1 | -3.33E+000
3.0 1.28E+001 | 8.88E+000 | 6.91E+00Q | 4.93E+000 | 3.94E+000 | 3.61E+000
~5.73E-002 | -2.84E-00Z | -2.61E-001 | -1.17E+000 | -2.98E+000 | -7.96E+000
6.0 | 2.12E+001 | 1.47E+061 | 1.07e+d01 | 7.02E+000 | S5.00E+000 | 3.76E+000
~7.80E-002 | -5.48E-001 | ~1.22E+000 | -3.12E+000 | -6.47E+000 | —1.53E+001
9.0 | 2.90E+@01 | 1.93E+001 | 1.43E+001 | 9.06E+000 | 6.1SE+000 | 4.19E+000
~3.77E-001 | -1.25E+000 | -2.25E+000 | -5.05E+000 | -9.84E+000 | -2.23E+001
12.0 | 5.62E+001 | 2.40E+@@1 | 1.77E+001 | 1.10E+001 | 7.2GE+000 | 4.54E+000
-7 71E-001 | -1.92E+000 | -3.30E+000 | -6.87E+000 | -1.30E+001 | -2.86E+001
15.0 | 4.25E+001 | 2.83E+001 | 2.@9E+001 | 1.28E+001 | 8.37E+000 | 5.07E+000
-1.18E+000 | -2.58E+000 | -4.26E+000 | -8.596+000 | -1.59E+001 | -3.45E+001
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Figure 1.- Wind tunnel application of the velocimeter showing degrees of test-point
positioning freedom.

POSITION 2

Figure 2.- Method and nomenclature for obtaining orthogonal velocity components from
nonorthogonal measurements (u 1is the velocity vector projection in the Y,Z-
plane, and Vm1 and sz are the measured components).
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(a)

kg \
\

LOCATION 1 u=1
(b)

Figure 3.- Coordinate system nomenclature: (a) Basic coordinate system used for
development of equations; (b) For the first velocity measurement, the origin is
designated as location 1, and the measured component Vm1 of the velocity u

(magnitude set equal to unity) is shown 1inclined at Y1 from the p-axis.
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Figure U.- Velocity-vector diagram showing the two measurement locations, the
misalignment distance 4r, and the measured velocity components sz and Vm1'.
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Figure 5.- Velocity-vector diagram showing: (a) The component Vm2' which 1s in
error because of misalignment (misalignment not shown) and the component Vm2

for zero misalignment; (b) The resultant velocity-vector u, and 8, obtained

e
from the components Vm1 and Vm2'.
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Figure 6.- Velocity measurements made through the open-circuit exhaust flow of a
one-fiftieth scale model of the 80- by 120-Foot Wind Tunnel: (a) Diagram showing
typical surveys; (b) Velocity-vector magnitude and direction (measured in degrees
from the horizontal) for the vertical survey made 0.20 m from the exit plane
showing the slopes of the curves at two selected points.
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Figure 7.- Velocity measurements made at the inlet of a one-fifteenth-scale model of
the 80- by 120-Foot Wind Tunnel inlet: (a) Diagram showing typical survey; (b)
Velocity-vector magnitude and direction showing the slopes of the curves at
selected points along the survey.
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Figure 8.- Misalignment errors plotted versus vy, for various coupling angles using
the data of Figure 7b with Ar = 1 cm: (a) Relative error in velocity magnitude;
(b) Corresponding error in velocity vector direction.
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