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1. Introduction

-- The purpose of this study was to assess the value of drifter

data taken by NRL for determining horizontal shears in the ocean. In the

course of the study, we have addressed two general issues., The first is

an evaluation of shears from the smoothed data supplied by NRL along with

an assessment of the significance of these evaluations. The other issue

is a general assessment of the use of drifters for inferring horizontal

shears.

,here are a number of interrelated questions concerning these

issues. "The more sali nt of these are: How representative of natural

conditions is the smoothed data set? What effect does the smoothing

procedure have on the results? Is the theoretical basis of the analysis

sound? Wha does the analysis tell us about physical processes occurring

in the ocean? It appeared that three tasks were required to resolve these

issues. These were:

(Task 1) Perform an analysis on drogues 1, 3, 5, 9, 16 and 20 to obtain

the differential kinematic properties (shear deformation, normal

deformation, vorticity, and horizontal divergence) in a

geographic coordinate system (i.e. north and east components)$

These are presented in tables and accompanied by graphs of the

functions versus time. Two clusters a-re-a*alyzed. -ne was a

small-scale cluster composed of drifters 1, 3 and 5. The

other was a large-scale cluster composed of 1, 9 and 16.

D Task 2" Perform the analysis as stated in Task 1 but with a coordinate

system moving with the center of mass of the clusters. Both the.j
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~arge and small scale clusters were analyzed. The results are

presented in tables and accompanied by graphs of the functions

versus time% &-L

-.,,Task 3~) Make a qualitative assessment of the calculation and the effect of

turbulent processes.

Each of these task was accomplished and the results are described

in the following sections.
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2. Background

2.1 Theoretical Basis of Analysis.

The raw data obtained from drifters are estimates of position

at discreet times. If a cluster of drifters are located within a small

parcel of the ocean, then a Taylor's expansion yields for the velocity of

th
the i drifter (Molinari and Kirwan (1975), Okubo and Ebbesmeyer (1976))

U =U+gi+[ (D+N)Xi]/2+[(S- )Y]/2

Vi=V+h i+[(S+c )Xi]/2+[(D-N)Yi]/2

i=l,... ,n. I

The U and V are the components of the velocity of the center of mass of the

parcel; the coordinates with respect to the cluster center of mass of

drifter i are Xi and Yi; and gi andh i represent the sum of the higher

order nonlinear terms in the expansion. From the experimental standpoint,

these terms also include measurement errors and, perhaps, random turbulent

motion. In tnese equations, the velocity gradients across the parcel have

been expressed in terms of the elementary differential kinematic properties

(DKP):

D=au/ax+av/ay (divergence)

r= v/ax-au/ay (vorticity)

S=av/ax+au/gy (shearing deformation rate)

N=3u/ax-av/ay (normal or stretching deformation rate)

Kirwan (1975) has provided physical interpretations of these quantities.

The horizontal divergence D is a measure of the parcel area change without

change of orientation or shape. The vorticity is c and is a measure of the

orientation change without are or shape change of the parcel. Shape

-3-
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changes without change of area or orientation are given by S and N

respectively. The former is for the shape change produced by differential

motions parallel to the boundaries, while the latter is for motions normal

to the boundaries.

The physical picture given by the model equations is that an

individual drifter's velocity is composed of the mean translatory velocity

of the parcel, plus a velocity induced by the rotation, divergence, and

distortion of the parcel, plus a random or turbulent velocity. The mean

parcel velocity is attributed to large--scale (relative to cluster size)

motions, the induced velocity to cluster-scale motions, and the random

component to the small-scale turbulent field. The scale of these latter

motions is assumed to be much less than that of the cluster.

Of course, the DKP in (1) vary as a function of time. However,

the analysis procedure (described below) requires that their time scales of

variation be larger than that of the velocities. At this time there is no

way of establishing that this is true for the ocean. In practice, one makes

fixes as often as possible and hopes for the best. Otherwise it would be

necessary to incorporate the method of stationary phase in the analysis.

Such an effort is not justified under the goals of the study.

In (1) the velocity for the ith drifter was calculated by taking

centered differences of the smoothed position data:

Ui(t)=[ 1xi(t+At)-x(t-At) ]/2At

Vi(t )=[yi(t+At)-yi(t-At)]/2At

1~~~4 1 Z'-........ ; .. -.... Z] ]lllr.. [... .
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Also, the average velocity components were calculated from

U=( ul)/n
(3)

Mv:( V )/n
i=l

where n is the total number of drifters. Finally, the drifter positions

with espect to the center of the cluster or crigin for (1) is

Xixi- I x i/n(4

Y1 =yi - Yi/n

Thus, in (1), U, V, Ui VV X and Y. are known from measurements

at each discreet time. The DKP can be calculated by minimizing the residual
kinetic energy term E E (g + h2)12 (5)

This, however, is not a standard least squares problem since there

may be measurement errors in both the velocities and the positions. More-

over, depending upon the analysis procedure, the position and velocity

errors may be correlated (Kirwan and Chang, 1979).

Let us see how these errors may affect the analysis. First we

express the observed positions as sums of the true values and random errors

(for least squares, errors in the velocities can be incorporated in g, and

h i )  We can write

X /2 Xi  + a( (6)

Y /2 = + a

where

(Xi 7) : true position valuesj(ai,Bi) ! j random errors.

-5-err
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Next, substitute (6) into (1) to obtain

ui=(D+N) (X+ ci) + (S-0) (Y + 8) +
(7)

v,=(S+C) f g+ ca) + (D-N) (V± + i ) + h

where

ut = U -U
vi = i-V

are the drifter velocity components with respect to the center of mass

of the cluster. The least squares equations for the DKP give-

I(- + y) - +

--I Y + o) (Y2 +

2 2y(8)
(X2 +o ) + IAS x °xux) /

V y Y N y
D-N (x + °2x) (3i + Oy)

2 2x

S __ -:( + C y) J Y + Cy)l/

2 2

DN ( xy vy) "

S:(- 2 + o 1 (-+ Cy)
Here

(X2 + 2) (j+ 0 )

( -+ x ) (y2+ O2) and
xy X y

-6-
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ux, uy, vx, vy, x , , and xy are estimates from the observations of the

true values of the appropriate correlations. The a's are variances and

covariances of the measurement errors in these estimates. (Equations (8)

correct algebraic mistakes in Kirwan and Chang, 1979).

Several points should be noted about (8). First, if a, =0

(i.e. the position measurements are exact), then the equations reduce to

the usual normal equations for multivariate least squares. Second, if the

position errors are known but are uncorrelated with the velocity errors,

then the estimates of the DKP provided by (8) will be less than the

theoretic estimate given by

2

uy y

etc. However, this bias is easily removed by subtracting the known position

error statistics from estimates of x , y and xy obtained from the data.

In principle, unbiased estimates of the DKP may be obtained in

the general case by correcting the velocity-position correlations for

correlations of their errors. Unfortunately, these correlations are much

harder to determine than the position error correlation matrix. Moreover,

if the velocities are constructed from smoothed trajectories, the smooth-

ing procedure may introduce a substantial correlation between the velocities

and positions.

2.2 Analysis Procedures

The comments above emphasize the importance of proper planning

of the data analysis. They suggest a data analysis flow diagram of the

form
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Raw Position Data Smoothed and interpolated-
trajectories

DKP

"__ a.Smoothed and interpolated-
velocities

Unfortunately, the usual procedure is to process the data in series rather

than parallel. Thus velocities are normally not obtained directly from

the raw position data but from smoothed and interpolated trajectories.

Our experience has shown that the effects of the procedure of

serially processing data are two-fold. The first is that it may alter

to a varying degree the magnitude of the elements of the velocity-position

error correlation matrix

ux uy

vx vy

But the more serious effect is that it can produce long term trends in

the matrix elements. This can hamper quantitative interpretations of the

results in terms of physical mechanisms operating in the ocean. It is less

likely that this would have as much an effect on qualitative studies such

as establishing orders of magnitude of the DKP.

2.3 Sources of Error in Data

There are three potential sources of error in the data supplied

to SAI by NRL. These are position errors, windage errors, and bias

produced by the smoothing operator. NRL personnel (T. Gordon) has in-

dicated that at-sea testsof the position fixing system suggest that the

most probable position error is - 350 m and that there is negligble

correlation between north and east measurements.
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For this study, we have taken the most probable error as the rms error.

In fact, this is probably an over-estimate since the smoothing routine

will tend to reduce random position errors.

The windage problem was investigated by the procedures suggested

by Kirwan et al. (1975). For the wind conditions encountered in this

experiment and the type of buoy used, it was established that the windage

effect was negligble.

From the data supplied, it was not possible to establish the

effect of the smoothing operator on velocity errors or on the correlation

of velocity and position errors. Despite this, it is felt that the data

is sufficient to meet the objectives of the study.

-Z7
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3. Critique of Data

3.1 General Considerations

Before discussing the results of the analysis, it is useful to

summarize the essential characteristics of the data. They have played a

role in the design of our procedures.

Gordon (1980) has described the procedure for smoothing and

interpolating the raw position data. On the average, raw position data

were taken every 4 hours. These data were then fitted by least squares

polynomials ranging in degree from 3 to 7. These polynomials were then

evaluated at hourly intervals. These smoothed and interpolated positions

were subjected to a number of analyses as described below.

It has been our experience that polynomial fits, especially if

the degree is low relative to the number of data points, is a satisfactory

procedure for smoothing trajectory data. It should be noted that other

techniques are available which, in our view, are superior. A discussion

of other such options is outside the scope of this work.

There are, however, two characteristics of the data which have

limited our ability to interprete quantatively physical processes in the

ocean. One of these is that a separate parallel analysis was not made

for trajectories and velocities. Problems arising from this characteristic

were discussed in section 2.2. The other problem is that the interpolation

procedure provided approximately 4 times more data points than were observed.

This means that the data points have a built-in correlation with a lag of

about 4 hours. This effect was minimized by running a special analysis

utilizing every fourth point. This procedure also should reduce some-

-10-
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what the effect of correlations of velocity and posltior imposed by the

fitting procedure. This reduction can not be quantified at this time.

3.2 Discussion of trajectories

Trajectories of 5 drifters were analyzed. Drifters 9, 16 and 1

comprised what is called here the large-scale cluster. Drifters 1, 3 and 5

comprised a very small scale cluster on the western edge of the large-scale

cluster. Because of their proximity to drifter 1, drifters 5 and 3 provided

very little kinematic information for the large-scale cluster. Thus, two

separate analysis were conducted, one on the large-scale cluster and one

on the small-scale cluster.

Data from drifter 20 was also available for the last few hours

of the experiment. Unfortunately,it provided little new kinematic

information since it stayed in a line with drifters 9 and 16.

-Z7 -mar
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4. Data Analysis

A number of analyses and tests were performed on the large- and

small-scale clusters. These were designed both to assess the quality of

the data as well as to obtain the DKP. The following sub-sections discuss

pertinent aspects of these analyses and the results.

4.1 Shear and Normal Deformation Rates - Large-Scale Cluster

First we shall discuss calculations of the shear and normal

deformation rates for the large-scale cluster. These calculations were

made for both a geographic coordinate system (north and east) and then

for a natural coordinate system oriented along and normal to the direction

of flow of the cluster center of mass.

The purpose of the latter calculations was to see if there

was a preference for shear or normal deformation in a natural coordinate

system. Specifically, this test was designed to address the hypothesis

that the dominant horizontal velocity gradient along frontal zones is

shear. The test was accomplished by transforming both shear and normal

deformation to a coordinate system in which the y axis is oriented along

the instantaneous direction of motion of the cluster and the x axis

points to high pressure.

If o is the angle between north and the direction of motion

of the cluster, then the normal and shear deformation in the natural

coordinate system can be found from

[N(V2 _ U2) 2SUV] / (U2 + V2)

[2NUV + S(V2 - U2)] / (U2 + V2 )

-12-
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made for both a geographic coordinate system (north and east) and then

for a natural coordinate system oriented along and normal to the direction

of flow of the cluster center of mass.

The purpose of the latter calculations was to see if there

was a preference for shear or normal deformation in a natural coordinate

system. Specifically, this test was designed to address the hypothesis

that the dominant horizontal velocity gradient along frontal zones is

shear. The test was accomplished by transforming both shear and normal

deformation to a coordinate system in which the y axis is oriented along

the instantaneous direction of motion of the cluster and the x axis

points to high pressure.

If o is the angle between north and the direction of motion

of the cluster, then the normal and shear deformation in the natural

coordinate system can be found from

[N(V2 _ U2) 2SUV] / (U2 + V2)

[2NUV + S(V2 - U2)] / (U2 + V2 )
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Here 0 is given by

E = tan -  (U/V)+ Ti/2 (10)

In (9), the double angle, 2 o, trigonometric functions are

expressed in terms of the velocity components (U,V) of the center of

4 mass by use of (10).

The time histories of the shear and normal deformation rates

are shown in Figs. la and 2a, respectively. Figs. lb and 2b give the

deformation rates with respect to the natural coordinate system.

Since an estimate of the rms position error was provided by

NRL, we were able to correct the deformation rates for this factor as

suggested by Kirwan and Chang (1979). These corrected deformation rates

are given in Figs. 3a and 4a, respectively. Figs. 3b and 4b give the

corrected deformation rates with respect to a natural coordinate system.

4.2 Shear and Normal Deformation Rates - Small-Scale Cluster.

The shear and normal deformation rates were calculated

for the small-scale cluster for a geographic coordinate system only.

Figs. 5 and 6 show that the results of the calculations are quite noisy.

This indication was supported by calculations of the deformation rates

after the correction for the position error (Figs. 7 and 8). These latter

two figures show that the correction has altered substantially the time

histories of the deformation rates.

4.3 Vorticity Balance - Large-Scale Cluster

The vorticity and divergence were calculated for the large-

scale cluster, and a test was conducted to investigate the extent to which

the vorticity equation, given below, is satisfied

dt ( +f) + ( +f) D = R (11

-13-
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Fig. 1 Shear deformation rates for the large-scale cluster (without
corrections for position errors). a is for a geographic coordinate
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Fig. 2 Normal deformation rates for the large-scale cluster (without
corrections for position errors). a is for a geographic coordinate
system, and b is for a natural coordinate system.
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Fig. 5 Shear deformation rates for the small-scale cluster (without
corrections for position errors).
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Fig. 6 Normal deformation rates for the small-scale cluster (without
corrections for position errors).
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Fig. 7 Shear deformation rates for the small-scale cluster (with corrections
for position errors).
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Fig. 8 Normal deformation rates for the small-scale cluster (with
corrections for position errors).
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Fig. 8 Normal deformation rates for the small-scale cluster (with
corrections for position errors).
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Here f is Coriolis, R represents friction, baroclinic torque and measure-

ment errors. If the right hand side of(ll)is smaller than the terms on

the left hand side and often changes sign, then we conclude that the

mixed layer exhibits a barotropic vorticity balance. This condition

provides additional confidence in the data, but the non-existance of this

condition is not sufficient evidence that the data is of poor quality.

Fig. 9 shows the time variations of divergence, vorticity, and

the three components of the potential vorticity equation. The time

derivative term in (11)is the lightest line in Fig. 9c while the second

term on the left hand side is the next darker line. The R term in (11)

is represented by the darkest line in Fig. 9c.

The time histories of vorticity, divergence, and the potential

vorticity components also were calculated with the corrections for

position errors. These corrected time histories are shown in Fig. 10.

4.4 Vorticity and Divergence Rates - Small-Scale Cluster

The vorticity and divergence rates were calculated for the

small-scale cluster, and the results are shown in Figs. 11 and 12,

respectively. The time histories that were corrected for position

errors are shown in Figs. 13 (vorticity) and 14 (divergence). As with the

shear and normal deformation rates, the values are quite noisy. Also, the

position error corrections substantially alter the results.

4.5 Assessment of Interpolation Procedure

Since the interpolation procedure produced approximately

4 times more data than was observed, tests were conducted to determine

what effect the interpolation had on the character of the DKP. This was

done by repeating the calculations described in sections 4.1 through 4.4

but taking only every fourth data point. fjl
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Fig. 9 Divergence, vorticity, and the potential vorticity equation components
for the large-scale cluster (without corrections for position errors). For
the equation components, the lightest line is the time derivative term, the
medium line is the divergence-vorticity term, and the darkest line is the
residual term.
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Fig. 11 Vorticity for the small-scale cluster (without corrections for
position errors).
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Fig. 11 Vorticity for the small-scale cluster (without corrections for
position errors).
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-' Fig. 12 Divergence for the small-scale cluster (without corrections for
position errors).
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-' Fig. 12 Divergence for the small-scale cluster (without corrections for
position errors).
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Fig. 13 Vorticity for the small-scale cluster (with corrections for position
errors ).
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Fig. 14 Divergence for the small-scale cluster (with corrections for
position errors).
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Fig. 14 Divergence for the small-scale cluster (with corrections for
position errors).
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The shear and normal deformation rates for the large-scale

cluster were recalculated for both coordinate systems. These time

histories are shown in Figs. 15 and 16, respectively. The time histories

that were corrected for position errors are shown in Figs. 17 and 18.

The shear and normal deformation rates were recalculated

for the small-scale cluster, and these time histories are shown in Figs.

19 and 20, respectively. The time histories corrected for position error

are shown in Figs. 21 and 22.

The vorticity and divergence rates for the large-scale

cluster were recalculated, and these time histories are shown in Fig. 23.

Also shown in Fig. 23 are the components of the vorticity equation. Fig.

24 shows the same time histories but with the position error correction.

The vorticity and divergence rates for the small-scale

cluster were recalculated using every 4th point, and these time histories

are shown in Figs. 25 and 26, respectively. These time histories after

being corrected for position error are shown in Fi'gs. 27 and 28.
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Fig. 15 Shear deformation rates for the large-scale cluster using every
4th data point (without corrections for position errors). a is for a geo-
graphic coordinate system, and b is for a natural coordinate system.
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Fig. 15 Shear deformation rates for the large-scale cluster using every
4th data point (without corrections for position errors). a is for a geo-
graphic coordinate system, and b is for a natural coordinate system.
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Fig. 16 Normal deformation rates for the large-scale cluster using every
4th data point (without corrections for position errors). a is for a geo-
graphic coordinate system, and b is for a natural coordinate system.
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Fig. 16 Normal deformation rates for the large-scale cluster using every
4th data point (without corrections for position errors). a is for a geo-
graphic coordinate system, and b is for a natural coordinate system.
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Fig. 17 Shear deformation rates for the large-scale cluster using every
4th data point (with corrections for position errors). a is for a geo-
graphic coordinate system, and b is for a natural coordinate system.
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Fig. 17 Shear deformation rates for the large-scale cluster using every
4th data point (with corrections for position errors). a is for a geo-
graphic coordinate system, and b is for a natural coordinate system.
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Fig. 18 Normal defomation rates for the large-scale cluster using every
4th data point (with corrections for position errors). a is for a geo-
graphic coordinate system, and b is for a natural coordinate system.
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Fig. 1n Shear deformation rates for the small-scale cluster using every
4th data point (without corrections for position errors).
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Fig. 20 Normal deformation rates for the small-scale cluster using every
4th data point (without corrections for position errors).
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Fig. 20 Normal deformation rates for the small-scale cluster using every
4th data point (without corrections for position errors).
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Fig. 21 Shear deformation rates for the small-scale cluster using every
4th data point (with corrections for position errors).
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Fig. 21 Shear deformation rates for the small-scale cluster using every
4th data point (with corrections for position errors).
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Fig. 23 Divergence, vorticity, and potential vorticity equation components
for the large-scale cluster using every 4th data point (without corrections
for position errors). For the equation components, the lightest line is the
time derivative term, the medium line is the divergence-vorticity term,
and the darkest line is the residual term.
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Fig. 23 Divergence, vorticity, and potential vorticity equation components
for the large-scale cluster using every 4th data point (without corrections
for position errors). For the equation components, the lightest line is the
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Fig. 25 Vorticity for the small-scale cluster using every 4th data point
(without corrections for position errors).
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Fig. 25 Vorticity for the small-scale cluster using every 4th data point
(without corrections for position errors).
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Fig. 26 Divergence for the small-scale cluster using every 4th data point
(without corrections for position errors).
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Fig. 26 Divergence for the small-scale cluster using every 4th data point
(without corrections for position errors).
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Fig. 27 Vorticity for the small-scale cluster using every 4th data point
(with corrections for position errors).
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Fig. 27 Vorticity for the small-scale cluster using every 4th data point
(with corrections for position errors).
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Fig. 28 Divergence for the small-scale cluster using every 4th data point
(with corrections for position errors).
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5. Conclusions and Recommendations

There are several conclusions and recommendations whilch emerge from

this study. These are discussed delow.

a. Perhaps the most important fact to emerge from this study is

that the orders of magnitude for the DKP from the large-scale cluster are

completely consistent with other studies. This strongly suggests that

the data have provided useful qualitative information on horizontal shears.

Recommendation

In order to perform quantitative mechanisms in which horizontal shears

are important, it will be necessary to use the original unsmoothed data to

construct parallel estimates of the trajectories and velocities. Then,

from this,the DKP and vorticity balance should be recalculated.

b. Tests of the interpolation routine and position error effect for

the large-scale cluster suggested that neither played a significant role

in the qualitative aspects of the results.

Recommendati on

In any future calculations with this data, it would not be necessary

to apply position error corrections. Any problems arising from the

interpolation procedure would be overcome by following recommendation a.

c. Two quantative tests of the data were performed. They were the

transformation to the natural coordinate system and the vorticity balance.

There tests failed to provide quantitative information on horizontal shear

mechanisms.

Recommendati on

If Recommendation a is carried out, these calculations should be

repeated. Z7
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d. The smoothed data from the small-scale cluster were not useful

for determining small-scale processes. The DKP records were quite noisey

with frequent changes of sign. Also, corrections for position errors

substantially altered the character of the DKP. From this it appears that

the problems are intrinsic to the smoothed data and not related to external

sources of error.

Recommendation

In order to determine whether there is any useful information in

this data, it will be necessary to use the original, unsmoothed data and

perform parallel analysis for the trajectories and velocities, and then

repeat the calculations.

e. All four DKP for the large-scale cluster as well as the residual

in the vorticity balance showed a dramatic change of sign around hour 66.

From the data supplied to us, we have been unable to isolate a likely

cause.

Recommendati on

The original position data, meteorological data and experimental log

should be examined to determine if anything unusual occurred during that

time period.

The recommendations given above apply to the data set on hand. These

suggest, however, some recommendations for future experiments.

1. Parallel processing of the raw position data is essential.

2. It would have been better to have had one cluster with five

drifters rather than separate large and small-scale clusters. One cluster

with a large number of drifters should provide the same basic information

as separate clusters but with added statistical reliability.
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3. Hydrographic data taken along the trajectory of the center of

mass of the cluster could have provided very important information on the

residual of the vorticity equation. In the natural coordinate system, the

baroclinic torque term is very nearly __ 2p where T and N are in the
T ;N

tangential and normal directions of the trajectory. The hydrographic data

(even XBT data) can supply a sense of oc. Since the flow is very nearly
T

quasi-geostrophic, the sense of aP is known by inspection.
N
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Appendix A

The following is a listing of the computer program used to make the

calculations for this study.

J

A-

i1



I /& -dd~ (A043.OIA.0-1-.0.JL-)-mj----LWIS

2. /*JUtEPARM R=128
1. EXEC F-tNXV TLC.UE41i

4. 1/FORr.-SY-Si oo .- --

8: 2 NI(3).PA(16O) -

* 9. CALL P-LITS(00U)
10.
1 1. L. REAb IN TIME SPAN REQUIRED-.
12. C-7

14. 10 FORKATClb 15)

If. C -"--EAb) IN L)RlFTci NuM.-Ati) ITS !START AND END TIMES.
lb. c
19. Do Z0 1=1.3

21. C4221. C RrLAb IN THE DATA FOR THlL fil(l) DRIFTER-.
234. Cv 

f I
Zb kAI(t.q0) txIJ*K-11) =i) -.- ~-

Ze6. DO .32 K=1.10

2 t. 2W'' "CONTINUE ... ... -.

.30. D0 !30 JfSv1Fw.IU
31. tbO RWLAO5.0) (Y(J-tK-*l)vK=1.10)
32. 20- CONT INUE -------

3-,. 1 SP *- !>
-3'. IFM=NF-l

36. C CALC.SPEED (C0MPONENTS -'-'----- ,,,,-- -. -

3. ULNOM =2.* J600.
39. T fME~= 3 )o .
40). -- 00( 31 J=I .3

41.DU' 411 K1SPt.IFM
4 d? VX KeJ ) =( X t + I J)-X t K-1 J/DuNOM
43- . 31 V Y( K .J)fY (K + I. J)-Y (K- I.pJ)/DLJIJll
4,q. C ~-

4 t3. C -LALC. PUS[T~IINS AND VVL L J- CCrTk-.JI[D.
4o. L
4 7. DO 41 I=lS).I~tM
4d. -SX=O..

b0.. SVA=O.
51. -SVY=O.

-52. 'Do0 42 J=1 .3

5q. sv=Sv4-'tl.j)
hb .svX:-S VX-fvx( 1 . J)

56. 42- SVY=-SVY+Vv( I.J) .....- .

57. ~ACIb~J
YC(1)=SY/3.

b 1. VAC(I)=SVX/3.
60. 41 VYCtl)=SVY/3. -
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CI
* ~. C -"CUNVERT PUNITL0tib AtL VEIL)CITIES RELATIVE To C3-F-N1RLI)1D.

U14 DO 51 J=1 .3

bI y (I s)=Y(JI.J)-YC (I)

6o vx(I.J)=VX(J.i)-VXCt1)
* 69. 51 V I J) V Y (1,.-vyc(tI)

70. C
* 71. c CALC. DKP OF SYSTLM.

A 7.4. SXX4) .
7 5. S5XY=U.

* 76. SYY0.

* 79.* SVYY=O.
tsU . SVYX=O.

* 81. - ,Du 62 J=1.3

* 82. AZ=Y(1.J)

84. B 2v( I.J)

8S. f82=vY(.iiJ)..-.--.-- .

b.SXX --SXX +A I*A I
8 -d NXY=NXY4-AI1LAZ
bo. SYY=-SYY+A2*A2
89. SVXX=SVX+t3 I* A I
9u. SVXY=SVXY+11*A2
9 1. SVYY=SVYY*UZ4 *A2
92- 4-.2 SVYX=SVWYX-k32*Al
93. C
94. L 1URm -SPACIAL L)ERIVATIVLS-.E L- VELOCITIES.

97. C
9t;. -. HE'FOLLOWING ARE FIV A 350O-AETER AVERAGC-POSITIUN

99. c ERR4OR- THE TERMS HIAVE BEEIN IIOIIFIED TO LLIMINATE
IOU* C BlAbINU DUE TO ThIS EkRR.

1o z. D VXhY = (.5VXX*Sx Y-VXYSXX4-3O . * SVXX*SVX Y) ) /OcENUM

10-s. DVXOX=(SVXX*SYY-S5VXY#S-'XY-3O .*(SVXX+-#SVXY) )/(-DENOMJ)
104.. UvYtbYz(SVYX#SAY-ZVYY* ,XX+ib0D.*(SVYX+SVYY) )fULN014

Os.DVYDX=(SVYXI*SYY-SVYY~l-XY-3b0>.*(SVYX*SVYY) )/(-DEN~i4)
00". C
101. c FORM DKP.

109. .D([)UVXX+)VY)Y

Liu. VORt I)=iiVYA-i.Vx~jY
III- Nt111t)VXVX-UVY)Y

112. 61 S(1)=DVXDY&)VY)X
113. C --.

r-s. C *- wRIT- OWT kESbULib!.

117. -- 3 0 CtP11
I Iib. 100 HWITE(6*1b)

119. 0 FORsMAT( 6tt0UR DIVLR VnRTY N D LF S DEF X CENTER

12 0: 1 Y LNtTtLRw.//
1?1. 101 FORMAT( 1Xv1b.EIO.b (V9.2w.IX))
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1 22. C
12-10 C NOW MAKtL CALC.S FUR A NATURAL COUld3INATL tjYblLH.

12. DO 43 100 I1spIFM.
12b X i I. I) ATAN (VYC IVXC (I )#10./314 159--0_.
IL 17. 1l .2=t)f(vYC 12-Vxct 1) **ZA

130. t1. =uTVC
130. 1N( Y tfY C t I) **Z-X(I)*2)2* X

1 32. 1000 Y13=SI#vCI~2VCI*2*.JIsx()
133. 1 VYC())/Y(1,1)**Z
134, .~wRX TE (69 1020)
13. 1020 FORMAT( OI-aL FULLI)W1N( AHL- I'ARA:-lL1tEft OF M-L NATURAL-SSEM
136. 1 /Z H1OUR A LPtA A Eo 19 F-0 lIt SPEED N L)EF S DEFOW
137. 2f

140. 1010 COJNTINUE

C -!PLOT . _ZZ - 4. - .

14 J. C
14'4. DO 300d3 1=1SVIl-M
14 b. I A(1 P-)=I

146., 3000- PA(I-ISP*-1)=Y 1.3)

4b. CALL "ALFAX(5wa.I-vbw.*.v.GJ0
14'). CALL CUkVEC IA.PAviFtM-ISP-1)

152. DO 3010 I~1spWIFm
Is-$- .- )01 PA(I-ISP+1)--S(l)

1 54. ":CALL CUkVEC IAwPA*IFM-ISP+-IV .--,-
CALL iLT0U-~

ib.CALL SET( J. -7- %2.45%4.8s I0.%110.-.00W4--sw+.0000ob9I
157. CALL tnALF=AX(5.2.1.6.-iO..0..o~O0)

-158. D0D011S.F
159i. ~ jP(fiP~z(12
Ibo. CALL- CURVF-tIAPAv1FM-ISP-1)
161. CALL IAT(3.u7.95.1.p7.11..i10.-U-OOOoC).O.OOOtOb.)
162- -- "CALL -iIALFAX(S. 2 1I.b .0.O0)

* 16 -1. U -1040 l~jiSP.jlUM
Aba. .5040 A-1I41)N)

I bb.. CALL CUR~VE( Iw'vFlIPL
b60. CALTPLT.O.-999)

I bt. L CALAL. PUIT. VUkcT- t~rl. ClkillwS.
.169. C
170. --- WRITEtboZ001)
171 e ~ ul FOaRMAT( 11U1. VU11* Ltj14. LUMP. s f titUk TIME U~tA Dl V*Vuk

.173. DEN(m=2.*300
174. 15S-*ls42

* 17. bIF=tdt-2

176i. DO 2000 i11!S*IFF
17di. ---- FO=FtYC(1-1)*I1441L-1
17'9. f N=F+YL (II) *1.9L-1 I

180. Vk-=FI YCtI ) *1. 941L-1 I

18k. X1 1.2 ) =( J iV JR ( I) +F R)
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180. C PLOT
187. C
1bts. . -CALL T3..I71k.10-JO0.00361
189. CALL tALFAX(592wliw4v0..U.wU.O)
190. DO 2040 I=ISP*IFM

19.3. CALL CUpVL(JA.PAwJFt4-ISlbe1)
194. CALL SET(:3-.7..7.4.9.4.10.IO-u.Ooooi.+0-00005.1)

* 195. 1.-__ CALC HALFAX(592w1.490 0- 0.,10V>-:
1 00. ?050 *LoPIM
194F. Z050 PA(1P+1I=0(1)
198. CALL CURVE( IAvPA.IFM-ISP+I-)
199., - ' DOl2O10 I=ISS*IFF.............. . . .

* 201. PA(I-1SS+1)=Xtls1)
202. d-010 CONTINUE
203. _'CALL SET(_3.v7-vZ_84'810.I.-.00_o5.-.000o5

20q. CALL -AFAXC5.2.1.5.5 .. u) - -

L- t. CALL NEWVPENti)
20 .. >7CALL CRE( w~PN3)' cIccFrFc-T27ZS177777 777
Zorn. DCAL CVIA.P.IFF-IS+I

2100 CALL CURVL-(IAgPA*JFF-SSe-)
211. ~ CALL r'tWPEN(5) -...

21 Ou ZuJO 1=1!sS.IF-
213S. 2030 PA( I- lb,5*1)=X t1. 3)
214. CALL CURVE(JA9PAvIFF-ISSrI-)
ZIS.. -- CALL PLOT(0.0.-999) .. -

210. -CALL PLOT(O0.4-*99)
2171. STOP
z18. END
219. Z/LK.EDPLOTILXB DO DSN=USER.DOCN.GJJNASSOJ(BLl8.-Dr[=ShR .-..

220. //LKEau.sySINj. OA)*
ZZ22. INCLUJDE PLOTLlk3tPL0TVTECvPRIM.-'wRX)
2 2 .z fZ(,O-.YSIW-DO 1.)-SN=W YL o.A....ALIHI.LARG 12 Zip =bO-IR

-723. . .- -- - - - *.

---..-- - 5
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Appendix B

The following are tables of the output from the production runs.
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Table B-I DKP and the location of the center of mass for the large-scale
cluster (without corrections for position errors). This data is for a
geographic coordinate system.
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tilouk L) IV Lk~ VIA Y N DLF b EtJ X CLNTFJR Y ICLfATaz

7'43-0.0.38E- - 0 .32E -04 0 '35L-04 --0.37E--Oq -0. 1IE+o 0.ISE +Ob
14 4 -0 L - U . - At- - 0-iSL-0J4- -0 .- SOL -d 4 0 .1II L.-oo 0.14fE+Oc)

4t5-0*162E-G4 0.2atL-04 0-31L-U4 -0.36CE--04 0 . I L-rt 0 .14E*Ob

~~47-0.226E-;Q5O.1I9L-04 0-25E-04 -O.26E!-04 0.lOE-oo 0.le-4E+06 -1
'49 0.222E-05 0.45E-05 0.2uE-04 -0 . 1;2L-0O4 O. I E +0 e O.3E*00

-.-51 0. 2a5E-D6---O .95E7-O 0-.16E-04 0;.27E--O5- -. 1OEeoo O.13E-*06'-

ts3 O.1!a4E-Ob 0.16FE-05 O.2!5E-04 -0.bs'L--05 0.IL)-eOb> 0.13E-+Ob
5.. 0.604E-Oa, 0.11zE-O' O.2cpE-04 -31E-J 1UIObO.I1J+oo

5- 0.18 t-O- 2 t-040-33E04 =-0-2 7-0 4---Q1 E+O 6 (T I -EO6

b7-0.145E~-04 O.58L-0bx 0.35iE-U4 -O.1Sl--O' 0.IOE+ob 0.12E+06
~5-.27L-4-0.'JE050-37E-0 4 -0.4AE-ot'. 0.luE-0o 0.IZE*-Ot)

-590.29E-4'-C;14E040-3fi-04 0.31E-05 -0.10E+06 O.12E:Oo

4bl-0 .32L)Or--4-0.Z7E--04 0. 4 1L-04, 0 . I L --04 0.1. +0 0 0.12z+ob
0)2- 0 .. c2L - 0 4.--0. 3 0E-0) - .4 0.1IL -(I -o 4 0.1)E+oo U0- 1L+00

!- 63-0.287E- 04--331E-O4 O.3bE-04 0~1~O~.0-.bO.11E+0t)"
0q-4J.1!!9t-$t4 -0.2tiL-04 0.;!tL-u. 4 .91J4 0.jE-Oo L*.1IE+oo
OZ1,- 0. I Z 4 -- %U.Z XL -0i4 0.16E-04 0.14L-04 O.JOE-+Ob O.11E4-Ob
DO - 0. 431 L- u!:- . 10F -J 4 0.56E-05 0.tatjL--ot 0.10E+06Ob 0.1 1 +Ob
6-'0- bO.5E-04 '. 3 3E-0'-1 -0- 16EL-04 ~~;2~5O99E4-05 O.1IE+06

+ Uod 0 . 2o I v-z- 0 -I zy -0-, -0-JOE-u~4 -0.,E-0s -0.9'E+otb 0.IE+e00
b9 0.-Ib21-04 U.E-04 -0.41E-04 O.~JO40.98E+0*U5 O.IOE+ob
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12 0.40L & 7-0,& -0.4--)L-04-..z1T~ -0.9c**o i.o EO
7S 0.441L-04 O.1tSE-04 -4J.40E.-0a -0.21E-00O O.9tiE+05 0.99#L+1-O
74 0.4U3i--0402 L -0.31E-04~ U.IZE-04 0.94E+05 0 .9 7E+0 b

'70 -0 .(JI4L--04 O.14E )9L0,O9+S--. .

75 0- .1O1E-04-0 .32LE -0o -0 .. zE-0o U.Z-4ObLF+! 0 +0 Z),0

79 0. t~7-05~--G.14L -05 0-39E-015 0.~E00BE0 .91E+05
00 U. 19-A- l- 0. 11 E-,)4 E.Lc)0.b fL+0zj 0 .91-L +0b
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* 2-.11-404i-b0. 33E-04* -0.9coE-0Ob 0.A4E--0 O.6E +0 z,
-83-0.*549E-05-0 .1I4E-05 0?. 1 7E-04 -0.*85E'--05- O.8;W!E+05 -0 .8?E +05

L'4 0 . 4:x/L-Ub '0''41 t-:-O - o:O~tE-o:> -0.SiE-O5i ' 0-81E405 0btE +05
SU.(b43~-ILVt 0.1'4L-Ot3 0.4-L-0b0.,3 0.79E4+0ti 0 btE+obl

d6 O.kU9E-Ob- 0.47.t-Ob 0.2tiE-Ob O.-4bE-05t O.713E+OSi O.8 4E -I0!
0.i386C--0S-0.G12E-06 O.I1E-05 -;34E"O--0.76E1-05-0--83E'+05 -

43b u .'IOIE-Cjt .7k- 03~ 0-1ILE-ou -0.52ELAt)o0.7:3E *05- 0 .82E+05
09 0. 10.3L-014 -o . I L-0:> 0.2;±E-07 0.4-0L--ot L.7jE--O~j 0.5 IE*Ob

) 90 U.IObkL-U4-0.72E-OS> -OU.bJL-Oe 0 .4 tFL-0~ t> .71E:+Obj 0 .81E+0
-b 1. 0 . 107E-04-0O.1I0E -04-- - I-1- -Ub 0-'79E-:-05."0.70E+05 "'0.801E+05 -

93 0.* 10 -f -0'4-0 . I It-0 4 -0.5 bL -0o 0.1b5t-0-U 0.t)7E-'o5 U.7hE1+ot

95 0-9"2L-05 -0.21E-04 -0.45E-Ot 0 . I9E -0' -0.63E+05 0.77E--0
.5U. --408L-Ut5-{iO -24L-04 O.-53-IF:--U cy o.,E2-C'. 0 kLO i ibci +05

47i ..1Eu-O2L0 I.bl -(j 0 ~-0 4 o.GUE*0j 0 .7!:L +0 t)
) 913 0 . 8 37 L--U 0-2 OF-0 4 0.- 19E-U:, U -2e1-{ -) 4 0 .!>bL +0b 0 .7'-AL +0>

S(14 O. az2 F--5-0. 3 E -0 4 0-24E-09. 0.29E-04 0*57E4-O5 0.7 4E +0'-

*IuO 0).7bbE-O05-0.3i.!E-0" 0.39L-u:S 0 .3 UL--o U.bStE4-O U.7JE+OS
lux U.O)*UL-Utj.--U.3'-E-U4 41.4 IL-uS- i. :-E -)*j 4 .b.-,-'J + U.7s-E4-Q5
U30~ i. b35L7-Ob-0 -0 . 2 -- W-I U. tIL -0tv 0.27L-034 0.52OE+05 O.7LE-'O!>

100. !o0 5 E-0 5-0. 2Eh)-04 0.70E-05 0.23E-04 O.48E+0!5 0.71E+05

I U 7 iL- It0.2-04 O.90E-U-b( 0. 7L -04 U.4OE+0S> 0.70L4O5
I70. 26L-Ubo-4J . I u-04 0.9.4L-ob 0 .991.)r--,) S .43E+05 0.70E*.05

B- 3



tilouk L) IV Lk~ VIA Y N DLF b EtJ X CLNTFJR Y ICLfATaz

7'43-0.0.38E- - 0 .32E -04 0 '35L-04 --0.37E--Oq -0. 1IE+o 0.ISE +Ob
14 4 -0 L - U . - At- - 0-iSL-0J4- -0 .- SOL -d 4 0 .1II L.-oo 0.14fE+Oc)

4t5-0*162E-G4 0.2atL-04 0-31L-U4 -0.36CE--04 0 . I L-rt 0 .14E*Ob

~~47-0.226E-;Q5O.1I9L-04 0-25E-04 -O.26E!-04 0.lOE-oo 0.le-4E+06 -1
'49 0.222E-05 0.45E-05 0.2uE-04 -0 . 1;2L-0O4 O. I E +0 e O.3E*00

-.-51 0. 2a5E-D6---O .95E7-O 0-.16E-04 0;.27E--O5- -. 1OEeoo O.13E-*06'-

ts3 O.1!a4E-Ob 0.16FE-05 O.2!5E-04 -0.bs'L--05 0.IL)-eOb> 0.13E-+Ob
5.. 0.604E-Oa, 0.11zE-O' O.2cpE-04 -31E-J 1UIObO.I1J+oo

5- 0.18 t-O- 2 t-040-33E04 =-0-2 7-0 4---Q1 E+O 6 (T I -EO6

b7-0.145E~-04 O.58L-0bx 0.35iE-U4 -O.1Sl--O' 0.IOE+ob 0.12E+06
~5-.27L-4-0.'JE050-37E-0 4 -0.4AE-ot'. 0.luE-0o 0.IZE*-Ot)

-590.29E-4'-C;14E040-3fi-04 0.31E-05 -0.10E+06 O.12E:Oo

4bl-0 .32L)Or--4-0.Z7E--04 0. 4 1L-04, 0 . I L --04 0.1. +0 0 0.12z+ob
0)2- 0 .. c2L - 0 4.--0. 3 0E-0) - .4 0.1IL -(I -o 4 0.1)E+oo U0- 1L+00

!- 63-0.287E- 04--331E-O4 O.3bE-04 0~1~O~.0-.bO.11E+0t)"
0q-4J.1!!9t-$t4 -0.2tiL-04 0.;!tL-u. 4 .91J4 0.jE-Oo L*.1IE+oo
OZ1,- 0. I Z 4 -- %U.Z XL -0i4 0.16E-04 0.14L-04 O.JOE-+Ob O.11E4-Ob
DO - 0. 431 L- u!:- . 10F -J 4 0.56E-05 0.tatjL--ot 0.10E+06Ob 0.1 1 +Ob
6-'0- bO.5E-04 '. 3 3E-0'-1 -0- 16EL-04 ~~;2~5O99E4-05 O.1IE+06

+ Uod 0 . 2o I v-z- 0 -I zy -0-, -0-JOE-u~4 -0.,E-0s -0.9'E+otb 0.IE+e00
b9 0.-Ib21-04 U.E-04 -0.41E-04 O.~JO40.98E+0*U5 O.IOE+ob
70 0.417L-04 0.3-"L-04i -0-44AE-O4- -0.9--) 0.9fE+Ot> 0-10E+06~

.7 .2E-~O3t-04 -0.4tE-O4 --O.21E"-O4 -. 97E+0!5 0.lOE +06
12 0.40L & 7-0,& -0.4--)L-04-..z1T~ -0.9c**o i.o EO
7S 0.441L-04 O.1tSE-04 -4J.40E.-0a -0.21E-00O O.9tiE+05 0.99#L+1-O
74 0.4U3i--0402 L -0.31E-04~ U.IZE-04 0.94E+05 0 .9 7E+0 b

'70 -0 .(JI4L--04 O.14E )9L0,O9+S--. .

75 0- .1O1E-04-0 .32LE -0o -0 .. zE-0o U.Z-4ObLF+! 0 +0 Z),0

79 0. t~7-05~--G.14L -05 0-39E-015 0.~E00BE0 .91E+05
00 U. 19-A- l- 0. 11 E-,)4 E.Lc)0.b fL+0zj 0 .91-L +0b
t$1 -0. I -ifL-014-0 .364---05 bO.2?L-04 -o .bE-0) 0.t~bEi-5 0 . 89E * -1

* 2-.11-404i-b0. 33E-04* -0.9coE-0Ob 0.A4E--0 O.6E +0 z,
-83-0.*549E-05-0 .1I4E-05 0?. 1 7E-04 -0.*85E'--05- O.8;W!E+05 -0 .8?E +05

L'4 0 . 4:x/L-Ub '0''41 t-:-O - o:O~tE-o:> -0.SiE-O5i ' 0-81E405 0btE +05
SU.(b43~-ILVt 0.1'4L-Ot3 0.4-L-0b0.,3 0.79E4+0ti 0 btE+obl

d6 O.kU9E-Ob- 0.47.t-Ob 0.2tiE-Ob O.-4bE-05t O.713E+OSi O.8 4E -I0!
0.i386C--0S-0.G12E-06 O.I1E-05 -;34E"O--0.76E1-05-0--83E'+05 -

43b u .'IOIE-Cjt .7k- 03~ 0-1ILE-ou -0.52ELAt)o0.7:3E *05- 0 .82E+05
09 0. 10.3L-014 -o . I L-0:> 0.2;±E-07 0.4-0L--ot L.7jE--O~j 0.5 IE*Ob

) 90 U.IObkL-U4-0.72E-OS> -OU.bJL-Oe 0 .4 tFL-0~ t> .71E:+Obj 0 .81E+0
-b 1. 0 . 107E-04-0O.1I0E -04-- - I-1- -Ub 0-'79E-:-05."0.70E+05 "'0.801E+05 -

93 0.* 10 -f -0'4-0 . I It-0 4 -0.5 bL -0o 0.1b5t-0-U 0.t)7E-'o5 U.7hE1+ot

95 0-9"2L-05 -0.21E-04 -0.45E-Ot 0 . I9E -0' -0.63E+05 0.77E--0
.5U. --408L-Ut5-{iO -24L-04 O.-53-IF:--U cy o.,E2-C'. 0 kLO i ibci +05

47i ..1Eu-O2L0 I.bl -(j 0 ~-0 4 o.GUE*0j 0 .7!:L +0 t)
) 913 0 . 8 37 L--U 0-2 OF-0 4 0.- 19E-U:, U -2e1-{ -) 4 0 .!>bL +0b 0 .7'-AL +0>

S(14 O. az2 F--5-0. 3 E -0 4 0-24E-09. 0.29E-04 0*57E4-O5 0.7 4E +0'-

*IuO 0).7bbE-O05-0.3i.!E-0" 0.39L-u:S 0 .3 UL--o U.bStE4-O U.7JE+OS
lux U.O)*UL-Utj.--U.3'-E-U4 41.4 IL-uS- i. :-E -)*j 4 .b.-,-'J + U.7s-E4-Q5
U30~ i. b35L7-Ob-0 -0 . 2 -- W-I U. tIL -0tv 0.27L-034 0.52OE+05 O.7LE-'O!>

100. !o0 5 E-0 5-0. 2Eh)-04 0.70E-05 0.23E-04 O.48E+0!5 0.71E+05

I U 7 iL- It0.2-04 O.90E-U-b( 0. 7L -04 U.4OE+0S> 0.70L4O5
I70. 26L-Ubo-4J . I u-04 0.9.4L-ob 0 .991.)r--,) S .43E+05 0.70E*.05

B- 3



Table B-2 DKP for the large-scale cluster (without corrections for position
errors). This data is for a natural coordinate system.
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Table B-3 Potential vorticity equation components for the large-scale
cluster (without corrections for position errors).
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Table B-4 DKP and the location of the center of mass for the large-scale
cluster (with corrections for position errors). This data is for a geo-
graphic coordinate system.
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Table B-4 DKP and the location of the center of mass for the large-scale
cluster (with corrections for position errors). This data is for a geo-
graphic coordinate system.
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Table B-5 DKP for the large-scale cluster (with corrections for position
errors). This data is for a natural coordinate system.
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Table B-6 Potential vorticity equation components for the large-scale
cluster (with corrections for position errors).
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-7bP-G7?f.---09* o.2ti:-o8 O.21E-oU - -,-

17-0.5sb9L-1u 0.l'itz--Ob U. I tL-u
18 0.7j)eL-a9 0.11E-oiJ 0. 1 eL-0 b
79 0.'4trbc-1 O.bbtiE-09 u 7-W -09
"U-U .5 1 ft-o9 U.1c#--u9 -U IOL - u,:

d2 -.2L~9O1a-u0-1 IL-06
b3 0. 1 -0L-09 --G.4 dFL-09 -O.3-bE-09
b4~0 33- 0 .4 OL. -09 0.'40E

1 09
btl 0.Otz1 .bclE-{9 0.b?1E-O0
oo~-O.Z42L-09 0.7U)E-09 0..4cE-09
b7-0.4b0E-09O0.7E-09P 0.2BE-09 - ---- --.- ------

4;8-0. 104 t-b u.bokz-09 -. 4-0
b9 -0 . Cbl z--9 0 . 74L-0 C U..1 L-4
VO0.4b4E~-09 0.b1E--09 0.33--09
91-0 - 84L-09 0 . 7"E -09 -O.2oE-04

d-0 . 10 I-Mi ) 0.SE -09 -IX.J3JL---09
9i-.95~L-09 .W1&-09 -0.Z f L-09

94--0. t02L-O9 0.62L-09 0. 12L-r)l)
905-0.9#93E--09 0.5?E-09 o.L6;'L-10

,-064 L-V'9 O.SIL-19 3-u
s.?-owatiot-uV U. 44t -U, -0. 1 L -u9
S6-0 . 524 -- 0 0 .4 3L -0 9 -0.9 2 L-1()
99-0.5IIL--09 0.40OE-09 -0. 1 IE- 09

100-0. 109E-09 0.3"~E-09 0.2:.,E-09
101 0 103 AJ% 0.3JaL-09 0.4.1,-014
102 0.3otAL-09 0.3ocL09 O.fL0Q103 0.8%34 E09 0.2"~E09 0 -f

I ot 0. fjIL -0%0 0.2UL-09 t)9'L-O09
I ob 0.IIoL-00 0.21E--09 0 . I IP-Oks
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Table B-7 DKP and the location of the center of mass for the small-scale
cluster (without corrections for position errors). This data is for a
geographic coordinate system.

HOUR DIVF-' V' T Y D L-_F S LLF X CENTER Y CENTER

14-0. 106E-02-0.36E-03 -0.7OE-03 O.'3-03 0.04C 05 0.22E+06
15 0.347C-03 0.46.--04 0.16(,--03 -0.27c-0, 0.96E+05 0.21E+06
16 0.997E-04-0.43E-05 0.21L-04 -0. I C-03 0 .97T+05 0.2 1E+06
17 0.234C-04-0.16E-04 -0.36t-05 -0.6o6C-04 0.98E+05 0.21E+Ob
18-0.162 E-04-0. 2E-04 -0.1.E:-04 -0.52---04 0 .9-+05 0.20E+Oo
1 9--0 .3'7E-04-0.27E -04 -0.11 -- 04 -0.45-04 0 .1 0E+06 3.20E+06
20-0.519E-04-0.34E-04 -0. 14E-04 -0.40F--04 0.1OF_+06 0.20E 06
21 -0.540E-04-0.41E-04 -0.44E-05 -0.35C-04 0.1 OE+06 0. 19E106
22-0.472_-04-0.4.E--04 0. 1 1-O4 -0.28PE-04 O.1OE-Oo 0. 19E+Oo
23-0.339--C4-0.51Z-04 0.2cEi-04 -0.20E-04 0.1 0-+06 0. 19E+06
24-0.209E-04-0.50E-04 0.43L-04 -0. IIE-04 0.IOE+06 0. 19E+06
25-0.101IL-04-0.4SE--04 0.5O2E-04 -0.25E-05 0.10E+06 0.18E+06
26-0.314E-n5---0.46F--04 0.54[--04 0.32E-05 O.I0E+06 O.18E+0o
27-0.537E-06-0.27E-04 0.4'Z-04 0.82 :-05 0.lOE +06 U. ISE+06
28-0.331 E-06-0. A -04 0.3PE-04 0. 13E-04 0.IOE+06 O. ISE+06
29-0.517L-07-0.85 -05 0.27L-04 0. 15E-04 0.1OE+06 0. 17E+06
30 0.36511-Os-0° 12f-05 O. 12E-04 0.18C-04 O.IOE+06 0.17E+06
31-0.624E-0o 0. -3r -05 -0.44 5-05 0.21E-04 0.1 0E+06 O. 17E+06
32-0.247F-0i 0.95---05 -0.16F--04 0.22F-04 O.IOE*06 0.17E+06
33-0. 621h-05 0. lF -04 -0.32f-04 0.22E-04 0.IOF+06 0. 17F+06
34-0.132E-04 0. 1_F-04 -0.4Th-04 0.221F-04 0.1 CE+Oo 0. oE+O6
35-0.202:-04 0 . It'_- 0 -I.t . -04 0.201-04 0.10' +06 0. 16E+16

•1 o 36-0.2Ff,L-04 0. S-F 04 -0.57E-,4 0. P7r-04 0.1 VF+06 0. 16F+06
I37-0.343[-04 . 1- -04 -0.s 'A -04 o. 13L-04 0.1 OF+06 0.1 6 +06

38-0.283E-04 0. 15-5 -0.3,F-04 0. 1oF-05 0 .1 OE+06 0. 1o+0o
39-0.103E-04-0. 17E -04 -0. M'-05 -0. 1 5F-04 0.1OE+06 0. 5E 36
40 0.250E-04-0.39F-04 0.)IlEI-04 -0.36E-04 0.OE+06 0. 15E+06
41 0.435r-o4-0o.6E-O1 4 0.IOL-03 -0.50E--04 0.1OE+06 0.15E+06
42 0.3S3E-04 -033-04 0.11I'L-03 -0.59E-04 0 .IOE+06 O. 1SE+Oo
43 0.103L-04-0.57F-04 0.12E-03 -0.61!E-04 O.10E+06 0.15E+06



71 O.124E-03-0.IIF-03 -0. -4E-04 0. 45'-0 4 0 -9 BE -5 0.10E4-06
72 0.862E-04-0.61E-04 -0. 12 L -0 4  O. 13t -04 0 .8 7E+05 O.1OE+06
73 0.456£-04-0.30E-04 0.69E-05 -. 1--04 0.8oE+05 0.I0E+0o
74 0.6O0E-06-0.13c-04 0.33E-04 -0.30--04 0.e5+05 0.99E+05
75-0.441E-04-0.57E-04 0.49E-04 -0.84F-05 0.83E+05 0.98E+05
76-0.102E-03-0.57--05 0.84E-0 4 -0.II--03 0.82E+05 0.96E+05
77-0.745E-03 0.13C-03 0.49-E-03 -0.o3C-0 3 0.81E+05 0.95E+05
78 0*362E-03 0.12E-04 -0.27E-03 0.24F-03 0.79E+05 0.94E+05
79 0.651E-04-0.2EI--04 -0.56E-04 0.6.9F-04 0.73E+05 0.93E+05
80-0.890E-04-0.7I--04 0.50E-04 -0. 13E-04 0.7 fE+05 0.92E+05
81-0*136E-03-0.26--03 0.25E-03 --0.13E-04 O.75C+05 0.90E+05

3 82-0.787-04--0.2 E-_-03 0.26E-03 0.89--04 0.73E+05 0.89E+05
83-0.842C-04-0.?4E-03 0.24E-03 0.17F-03 0.72E+05 0.89E+05

4'i q84-0.3555-03-0.365-0 0 . 15-03 O. 257-1 0.70E+05 0.83E+05
85 0.317=-03-0.32E-03 0.23C-03 --0. 14--0' 0.08E+05 0.87E+05

3 86-0.172C-04-0.45E-03 0.47E-03 0.91>-J4 0.66E+05 0.8o6E+05
37-0.109C-03-0.30E-04 O.ISE-03 -0.23E--03 0.65E+05 0.85E+05
68 0.127E-03 0.12f:-03 -0.12L-03 -0.74L-04 0.63E+05 0.84E+05
89 0.510E-03-O.48E-03 0.19E-03 0.OFE-03 0.61E+05 0.83E+05

1) 90 0.35SE-04-0.11E-03 0.I01-03 0.17!-04 0.59E-05 0.83E+05
91-0.279E--03-0.18E-03 0.2eE-03 -0.22c--03 0.58E+05 0.82E+05
92 0.502L-03-0.15E-03 -0.45S-04 0.50C-03 0.56E+05 0.81C+05
93 0.107E-03-0.16E-03 O.1OC-03 0.14E-03 0.54E+05 O.RIE+05
94 0.163F-03 0.3E--04 -3.15E-33 o.10 -03 0.53E+05 0.80+05
95 0.670E-04 0.35E:-07 -0.399L-04 O.L3F-04 0.51E+05 3.79E+05
96 0.239L-04-0.67E -04 0.31E5-04 0.6 5 F-04 0.49E+05 0.79C+05
9 7-0.791 E-04-0. I IZ--03 0.64E5-04 -0.311E-04 0.49E+05 0.781+05
98-0.1 16F-04-0.29 -03 0.24E-03 -0.69E-05 0.46E +05 0 .77E+05
99 0.359E-04--0.52E--04 0.35E-04 0.13E-03 0.44E+05 0.77E+05
100-0. 1 73 E-014-0.9 3E -04 0.49E-04 0.71E-04 0.4 3E 05 0.77E+05
101 0.147E-04 -0. 1 r -0 - 0.1[-03 -0.24[-05 0.41E+05 0.76F+05

- 102-0. 1J-05j-0. ic, -05 0.62:--04 -0.93'-05 0.40S+05 0.75E+05
103 0.342E-04-O.t,6 F-d4 0.1IF-03 -0.39F-04 0.3SF 05 0.75E5+05
IC.4-O. . 9,pL -04-O.2M-04 0.1,#41 -04 -0.89F-,04 0 .37E05 0.741E405
105-0.°24V-04-0.63F--O4 0.4 " -0. I1 -03 0.75F+05 0.74E+05

. 1 I06-0.365--03 0.235 -04 0.-3F-04 -0.33--03 0.33E+05 0.74E+05
107 G.1 13r -02-0.4 6F--03 0.211F-03 0. IIF-02 0.31E+05 0.73C4+05

Table B-7 continued.
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Table B-8 DKP and the location of the center of mass for the small-scale
cluster (with corrections for position errors). This data is for a geo-
graphic coordinate system.

HIOUR D IVE~t VORTY N DEF S DEF X CEN~TER Y CENTER

14 0&131E-03 0045E-04 oe LE- 04 -0.ZIE-03 Co94E+05 Oo22E+06
I5-Q.423E-33-.J*56E-04 -0&20E-03 Oa:32E-03 0.96E+05 0.21E+06
16 0.2I6E-j3-Jo95E-J5 0. 59E- C4 -C*22E-C3 Ce97E+05 0.21E+06
17 J&377E-04-J*25E-04 -Do 57E- CS -0.11E-03 C.98E+05 0.21E+06

-18-0, 256:'-04- jo34E-04 -0&-" E- 04 - C 131E-C4 C.99E+05 0.20E4-06
19-0,58IE-J4-o47=-J4 -0.JIE-C'. - C o7bE-C4 0*IOE+06 0*20E+O0-
20-0. tI07E- D3- J. 70E-04 -0. 3CE- 04 -,).82E-04 0. 10E4-06 0.2DE4Ob
2 1-0. 150E-)3-J. 1 1E-J3 -J& I2E- 04 -CGo96E-04 Co.ICE+ 06 0.19E+06
22- 0. 200E-J3- 0.20E-J3 J.45E-C4 - 0 a12E-03 0. 1OE+06 0 -19E +06
23-0, L99E'-J3-J. 3JE-03 Do I7E- C3 -O.IZE-03 C. I0E406 0.19E4+06
24-0.116E-03-0o2aE-0J 0.24E-C3 -Ce59E-C4 0.10E+06 0.19E+06
25-0. 4-51E-04-.3.20E- G3 0. 23E- 03 -0.IIE-04 0.10E+06 0 a I8E+06
26-Oo I16E-04- Jo13E-J3 0.&20E- 03 C. 12E-C4 Co10E406 0*18E4'06
27-0*I9IE-05-J.93E-J4 0.17E-03 0Q.2t3E-04 O.IOE+06 0.18F+06
28-Do.132E-JS-0blE-JA Do.I4E- 03 0.47E-04 0.10E4-06 0*18EO06
29-0.&372E-06-0o37E-04 0. I 2E- C3 0O.70 E- 04 0. 1OE+06 0.1TE406
30 0*133E-05-0.6SE-05 0&68E-04 0.9IOE-J3 0.10E+06 0*17E406
31-0,477E-05 J*27E-2j4 -09 _'IE- C4 C o15E-C3 O.IOE+06 Go I7E+06

*32-0.269E-34 J*10E-03 -0.20E-C3 Oo23E-03 Q.IOE.06 0*17E.06
33-0.151E-03 3931E-03 -0*77E-C3 C.53E-C3 0910E4+06 0*17E4+0b
34 09 2b E- 03 - Do2b6E- 03 0.14E-C3 -Co38E-C3 0.10E+06 0*16E406
35 09844E-04-0*67E-04 0&21E- C3 -OP83E-04 0.IOE+O6 0.16E+05
36 0 a5 39E -) 4- Jo2T E- 04 Go.I E- CJ -C.J22E-C4 C.IOEI-06 Do 16E+06
37 0. 332:-"-0 4- D.I IE-04 0.53E-04 -0.13E-04 0o I0E +06 0*1bE40b
38 0S172=_-04-0o81E-J6 0@24E- C4 -C*99E-0b 0*140E06 0.16E406
39 J95J5E-*35 U.8bE-05 0*30E- C5 C*7bE-C5 0. 10E.06 0*15E4Ob
40-Jo144E-04 Jo 22E -(4 -0*29E-04 Ca20E-C4 Co.IOE+ 06 0915E+06
41-).551E--04 J&81E-04 -Q.I3E-C3 (; &f4E- C4 CPIOEe06 0.15E406
42-09175-z-03 J&43E-03 -0.63E-03 0.2BE-C3 Co.IOE+06 09.15E406
43-0&595E-04 J*33E-03 -D 6 7E- C3 0 .3bE-03 Jo I OE+06 0915E+06
44 0*516E-34 Jo .E- J4 -0 I 8E- 03 0914E-03 0*10E+06 0*14E406
45 L0o443E-J4- Jo46-':-04 -003J2E-04 0.65E-04 0. IOE+06 0.14E+06
46 J*304E-04-J*67E-04 0.21E-C5 C*58E-C4 Co[CE+O6 0914E+06
47 0. 238- -4- Jo51 E-04 -0.15-E-C5 0o.4bE-04 0o99E*05 0914E+06
48 36 152E -04- Jo35=--)4 -0.34E-C5 C @32E-04 0.99E+05 0*14E406
49 Do 98 7E- )5-Jo20E-j4 -0.44E-C5 0.18E-04 0*99E.05 0*14E+Ob
50 0.546'E-05-Jo5OE-05 -0*36E-C5 C.3JE-C5 0.99E'i05 0.13E+06
51 0*7997E-06 0&2IE-0a -0 I IE- C5 - J.EJE-Cu C.98E405 0.13E406
52-0*843E-07 JoJYE-05 O.43E-C5 -0.IYE-C5 0*9dE405 0913E+06
53-0.315E-05-JP41E-05 -0&40E-05 C.P34E-05 0098E+05 0*I3EI+06
54-0.,723E-04-). 52E-04 -0.59E-C4 C.44E-C4 C.'97E+05 Do 13E+06
55-00217E-03-0&68E-04 -09I.4E-C3 0*SJE-04 0.97Et05 0*13E+06
56-0o622E-DJ-0.22Ec--J3 -0. 38E- 03 0.1?zE-03 0&96E+05 0.12E406
57-0&4OBE-,0I-0o23E-)1 -0*21E-CI 0o21E-0I 0.qeEt05 0o12E406
58 0.234E-03 0.95E-04 -Do 6CE- C5 -0@96E-04 0@95E+05 0&12E+06
59 0o560E-J4 0*1bE-04 -0o4 CE- C4 -C. a22E- (4 Cog5E+05 0*l2E+06
60-0*270E-04-J&32E-05 -0*45E-C4 -0*54E-05 0*95E405 Oo12E4-Ob

*61-0.996E-04 0912'2-04 -0,51E--04 -0*27E-04 0994E+05 0*12E4+06
62-0o 195E-.03- .6 1 E-04 -0*IOE-C3 0.27E-04 Oe94E405 0.12E4O6
63-0*535E-03-0.29E-03 -0. 28E- 03 0.o19E-03 0*93E+05 0 9 11E+06
64 09665E-03 ).53E-0J3 037E-C3 -C *38E-03 Co93E+05 0.IIE+06

*65 0.225E-J3 Do 20 E- 03 0*12E-C3 -0*14E-03 0.92E+05 0.11E406
66 0.996E-04 0&83E-j4 D Q4 E- 04 -0.48E-04 O.92E+05 0911E+06
67 0&375Ez-04 0.66E-O4 0*24E-C4 -0.43E-04 0.91E+05 0.I1E+06
68 0*709=-05 0@47E-04 Do I5E- C4 -0e31E-04 C.90E+05 0.IIE+06
69-0@398E-05 Oo41E-04 0*12E-C4 -C *26E-04 C.90E+05 0.1IE+06
700.o259E-04 0.45E-04 0*15E-04 0.o25E-04 0.89E405 0*IOE+06
71-0*630E-04 Oo58E-U4 0*18E-04 -0*22E-04 0&88E+05 0*10E+06
72-0*1J3E-J3 0*73E-04 O 1 5E- C4 -0o.1E-04 0.87E+05 0.1OE+06
73-OP132E-03 0.85E-04 -0*20E--04 0.32E-04 0.86E+05 0*IOE*06
74-0*222E--05 Jo41E-04 -0.IIE-03 C*99E-04 0.8ZE+05 0.99Et05
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Table B-8 DKP and the location of the center of mass for the small-scale
cluster (with corrections for position errors). This data is for a geo-
graphic coordinate system.

HIOUR D IVE~t VORTY N DEF S DEF X CEN~TER Y CENTER

14 0&131E-03 0045E-04 oe LE- 04 -0.ZIE-03 Co94E+05 Oo22E+06
I5-Q.423E-33-.J*56E-04 -0&20E-03 Oa:32E-03 0.96E+05 0.21E+06
16 0.2I6E-j3-Jo95E-J5 0. 59E- C4 -C*22E-C3 Ce97E+05 0.21E+06
17 J&377E-04-J*25E-04 -Do 57E- CS -0.11E-03 C.98E+05 0.21E+06

-18-0, 256:'-04- jo34E-04 -0&-" E- 04 - C 131E-C4 C.99E+05 0.20E4-06
19-0,58IE-J4-o47=-J4 -0.JIE-C'. - C o7bE-C4 0*IOE+06 0*20E+O0-
20-0. tI07E- D3- J. 70E-04 -0. 3CE- 04 -,).82E-04 0. 10E4-06 0.2DE4Ob
2 1-0. 150E-)3-J. 1 1E-J3 -J& I2E- 04 -CGo96E-04 Co.ICE+ 06 0.19E+06
22- 0. 200E-J3- 0.20E-J3 J.45E-C4 - 0 a12E-03 0. 1OE+06 0 -19E +06
23-0, L99E'-J3-J. 3JE-03 Do I7E- C3 -O.IZE-03 C. I0E406 0.19E4+06
24-0.116E-03-0o2aE-0J 0.24E-C3 -Ce59E-C4 0.10E+06 0.19E+06
25-0. 4-51E-04-.3.20E- G3 0. 23E- 03 -0.IIE-04 0.10E+06 0 a I8E+06
26-Oo I16E-04- Jo13E-J3 0.&20E- 03 C. 12E-C4 Co10E406 0*18E4'06
27-0*I9IE-05-J.93E-J4 0.17E-03 0Q.2t3E-04 O.IOE+06 0.18F+06
28-Do.132E-JS-0blE-JA Do.I4E- 03 0.47E-04 0.10E4-06 0*18EO06
29-0.&372E-06-0o37E-04 0. I 2E- C3 0O.70 E- 04 0. 1OE+06 0.1TE406
30 0*133E-05-0.6SE-05 0&68E-04 0.9IOE-J3 0.10E+06 0*17E406
31-0,477E-05 J*27E-2j4 -09 _'IE- C4 C o15E-C3 O.IOE+06 Go I7E+06

*32-0.269E-34 J*10E-03 -0.20E-C3 Oo23E-03 Q.IOE.06 0*17E.06
33-0.151E-03 3931E-03 -0*77E-C3 C.53E-C3 0910E4+06 0*17E4+0b
34 09 2b E- 03 - Do2b6E- 03 0.14E-C3 -Co38E-C3 0.10E+06 0*16E406
35 09844E-04-0*67E-04 0&21E- C3 -OP83E-04 0.IOE+O6 0.16E+05
36 0 a5 39E -) 4- Jo2T E- 04 Go.I E- CJ -C.J22E-C4 C.IOEI-06 Do 16E+06
37 0. 332:-"-0 4- D.I IE-04 0.53E-04 -0.13E-04 0o I0E +06 0*1bE40b
38 0S172=_-04-0o81E-J6 0@24E- C4 -C*99E-0b 0*140E06 0.16E406
39 J95J5E-*35 U.8bE-05 0*30E- C5 C*7bE-C5 0. 10E.06 0*15E4Ob
40-Jo144E-04 Jo 22E -(4 -0*29E-04 Ca20E-C4 Co.IOE+ 06 0915E+06
41-).551E--04 J&81E-04 -Q.I3E-C3 (; &f4E- C4 CPIOEe06 0.15E406
42-09175-z-03 J&43E-03 -0.63E-03 0.2BE-C3 Co.IOE+06 09.15E406
43-0&595E-04 J*33E-03 -D 6 7E- C3 0 .3bE-03 Jo I OE+06 0915E+06
44 0*516E-34 Jo .E- J4 -0 I 8E- 03 0914E-03 0*10E+06 0*14E406
45 L0o443E-J4- Jo46-':-04 -003J2E-04 0.65E-04 0. IOE+06 0.14E+06
46 J*304E-04-J*67E-04 0.21E-C5 C*58E-C4 Co[CE+O6 0914E+06
47 0. 238- -4- Jo51 E-04 -0.15-E-C5 0o.4bE-04 0o99E*05 0914E+06
48 36 152E -04- Jo35=--)4 -0.34E-C5 C @32E-04 0.99E+05 0*14E406
49 Do 98 7E- )5-Jo20E-j4 -0.44E-C5 0.18E-04 0*99E.05 0*14E+Ob
50 0.546'E-05-Jo5OE-05 -0*36E-C5 C.3JE-C5 0.99E'i05 0.13E+06
51 0*7997E-06 0&2IE-0a -0 I IE- C5 - J.EJE-Cu C.98E405 0.13E406
52-0*843E-07 JoJYE-05 O.43E-C5 -0.IYE-C5 0*9dE405 0913E+06
53-0.315E-05-JP41E-05 -0&40E-05 C.P34E-05 0098E+05 0*I3EI+06
54-0.,723E-04-). 52E-04 -0.59E-C4 C.44E-C4 C.'97E+05 Do 13E+06
55-00217E-03-0&68E-04 -09I.4E-C3 0*SJE-04 0.97Et05 0*13E+06
56-0o622E-DJ-0.22Ec--J3 -0. 38E- 03 0.1?zE-03 0&96E+05 0.12E406
57-0&4OBE-,0I-0o23E-)1 -0*21E-CI 0o21E-0I 0.qeEt05 0o12E406
58 0.234E-03 0.95E-04 -Do 6CE- C5 -0@96E-04 0@95E+05 0&12E+06
59 0o560E-J4 0*1bE-04 -0o4 CE- C4 -C. a22E- (4 Cog5E+05 0*l2E+06
60-0*270E-04-J&32E-05 -0*45E-C4 -0*54E-05 0*95E405 Oo12E4-Ob

*61-0.996E-04 0912'2-04 -0,51E--04 -0*27E-04 0994E+05 0*12E4+06
62-0o 195E-.03- .6 1 E-04 -0*IOE-C3 0.27E-04 Oe94E405 0.12E4O6
63-0*535E-03-0.29E-03 -0. 28E- 03 0.o19E-03 0*93E+05 0 9 11E+06
64 09665E-03 ).53E-0J3 037E-C3 -C *38E-03 Co93E+05 0.IIE+06

*65 0.225E-J3 Do 20 E- 03 0*12E-C3 -0*14E-03 0.92E+05 0.11E406
66 0.996E-04 0&83E-j4 D Q4 E- 04 -0.48E-04 O.92E+05 0911E+06
67 0&375Ez-04 0.66E-O4 0*24E-C4 -0.43E-04 0.91E+05 0.I1E+06
68 0*709=-05 0@47E-04 Do I5E- C4 -0e31E-04 C.90E+05 0.IIE+06
69-0@398E-05 Oo41E-04 0*12E-C4 -C *26E-04 C.90E+05 0.1IE+06
700.o259E-04 0.45E-04 0*15E-04 0.o25E-04 0.89E405 0*IOE+06
71-0*630E-04 Oo58E-U4 0*18E-04 -0*22E-04 0&88E+05 0*10E+06
72-0*1J3E-J3 0*73E-04 O 1 5E- C4 -0o.1E-04 0.87E+05 0.1OE+06
73-OP132E-03 0.85E-04 -0*20E--04 0.32E-04 0.86E+05 0*IOE*06
74-0*222E--05 Jo41E-04 -0.IIE-03 C*99E-04 0.8ZE+05 0.99Et05
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75 O.6S2E-fl4 0.8SE-04 -0.75E-O* O.13E-C4 C.8.3Et05 0.98E+05
76 0&,796E-04 Os43E-05 -0. 66E- C4 0@87E-C4 0.82E+05 0.96E+0S

477 0.302E-04-.w52E-0J5 -0.20E- C4 C.26E-04 0.8 1 E405 0*95E+Q5
78-O*611E-04--0.21E-05 0*45E-04 -Cs40E-04 0&79E+05 0*94E+05
79-0&943E-04 0.30E-94 Q.81E-C4 -0.99E-04 C.78E+05 0*93E+05
80 0.142E-03 0.13 -03 -Do8E-GA 0.21E- 04 0.76E+05 0.922+05

481 0*317E-04 0.612-04 -0. 58E-0C4 0 .30E-05 0. 7CE+05 0.9024-05
*82 0.i1L45E-.04 0.512-0j4 -O.47E-C4 -0On 1E- C4 0. 73E+05 0*89E405

33 0.848EE-J5 0*25E-)4 -0.24E-C4 -0.172-04 G.72E.05 0*89E+05
*84 0.2192-J4 0.23a-04 -0.'r7E- 05 - 0.16E-C4 Co7CEe-05 0.88E+05

85-0a172-04 Jo18E-04 -0o13E--C4 CoB0E-C5 0.68E+05 0.87E+05
86 0.6602"-J6 0*17E-04 -0.17E-04 -0.34E-05 0.66E+05 0*86E+05

*87 0.3592-04 Qo96E-J5 -Q.59E-C4 C@77E-C4 Co65E+05 0*85E+05
- 88-Oo 535E-04- Do50E-04 0.'5 1E- C4 0.31E-04 0.632+05 0.84E+05

89-0.827E2-J4 0. 78E-04 -D.312-C4 -C.97E-04 0&61E+05 0.83E+05
-. 90-0.147E-04 J.452-04 -0.422-04 -0.69E-CS 0*59E+05 0*83E+05

91 0*4897E-04 0.312-04 -0. 492-C4 0.382-04 0&58E+05 0.82E+05
92-0.3082-.04 0.912-05 Oo28E-C5 -C..J'E-C4 C*56E+05 0.812+05
93-0. 459E-04 0.67E-04 -09442-C4 -0&60E-04 0.542+05 0.8124-05

*94-OsiIOE-03-0957E-J4 0.9SE-C4 -0.102-03 0.53E+05 0.80E+05
95 0.3632-03 0.o39E-06 -0.212-03 C*48E-03 0o51E+05 0.792+05
96 0.834:=-04-J.23E-O3 0olIE-03 0.23E-03 0*49E+05 0.7924-05

*197-O9195::-03-Do28E-J3 On L6E- C3 -C&75E-C4 C*48E+05 0.78E+05
*98 00135E-*04 J33-03 -0.272-03 0.80E-05 0.46E+05 0*77E+05

99 0. 1902-03- 3.272-03 0.I ISE-C3 0.702-03 0.44E405 0.772+05
100 0.5562 -03 D.29E-02 -0.1I5E-0C2 -0.222-C2 0.4:52405 0.772+05
101-0o I12E-.JJ Jo.13E:-02 -098tE-03 0.18IE-04 0&41E+05 0976E+05
102 0*442E-35 ).44E-03 Oa i5E-C3 C*2-3E-C4 C. 4 E+ 05 0.7524-05
103-0*b37E-34 0.12E-03 -0*21E-03 0.732-04 0.38E+05 0 o75E +05
104 0*127E-04 0ol8E-04 -0*6CE-04 0.s57 E-04 0.37E+05 0.74E+05
IJ15 0.302E-04 0.232-04 -On.16E- 04 0.402-C4 C.3tE+05 0.742+05
106 J*261-04-JoI6E-J5 -0.602-C5 0&22E-04 0.33E405 0.74E905
IJ?-U.lb6E-04 0.67F-J5 -0.212-CS -C.20E-C4 C.312+05 0.732+05

Table B-8 continued.
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