=
==

NG FiLE copy

ADA0S8110

: ' : : ) /
RADC-TR-78-69 ’
Final Technical Report
March 1978

DETERMINATION OF RADAR PERFORMANCE
DEGRADATION DUE TO TROPOSPHERIC DUCTS

Raytheon Company

Approved for public release; distribution unlimited  _<T) D C

ROME AIR DEVELOPMENT CENTER
AIR FORCE SYSTEMS COMMAND
GRIFFISS AIR FORCE BASE, NEW YORK 13441

48 08 28 Vi




L 28
A
‘q,
3

This report has been reviewed by the RADC Information Office (0I) and is
releasable to the National Technical Tnformation Service (NTIS). At NTIS it
will be releasable to the general public, including foreign natioms.

RADC~-TR-78-69 has been reviewed and is approved for publicationm.

L

APPROVED: KH% }WMO

KOICHI MANO
Contract Monitor

smire: Lpoorn [y

TERENCE J. ELKINS, Acting Chief
Propagation Branch
Electromagnetic Sciences Division

g g - Q’MJ&LCJ

ALLAN C. SCHELL, Acting Chief "
Electromagnetic Sciences Division

FOR THE COMMANDER: -,yﬂ ;%44,
JOHN P. HUSS
Acting Chief

This effort was funded totally by the Laboratory Directors' Fund.

If your address has changed or if you wish to be removed from the RADC mailing

list, or if the addressee is no longer employed by your organization, please
notify RADC (EEP), Hanscom AFB MA 01730.

Do not return this copy. Retain or destroy.




UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE (When Date Entersd)

V lﬂ‘ EPORT DOCUMENTATION PAGE R e
_E;m—umm
mm\'r OF PERFORMANCE DEGRADATION {nal Technical Repewe!
10 ;noposruan%b dg ¥ Apr 31 Octebur 4977
PPR-191pL [
\ o NY NUM )

wsdl

[g 19628-77-C-4145 A
RFORMING ORGANIZATION NAME ANO AODORESS W
F

Raytheon Company, Missile Systems Division
Hartwell Road :

Bedford MA 01730

11. CONTROLLING OFFICE NAME AND ADORESS

Deputy for Electronic Technology (RADC)
Hanscom AFB MA 01730 . NUMBER OF PAGKS
Monitor/ Koichi Mano/ EEP . 153

8. SECURITY CLASS. (of thie repert)

PNCLASSIFIED
Wa OIS ICATION/ GOWNGRADIN

Approved for public release; distribution unlimited.

17. DISTRIBUTION STATRMENT (of the abetract entered In Block 20, If ditterent frem Repert)

|7 SUPPLEMENTARY NOTES
This research wag supported by the Air Force In-House
{

Laboratory Independent Research Fund
[ <o vowe on slde I > and denii®y 5 Slook mamber) '
H.tcorofoggizz.aucts Radar Performance Degradation
Wave Propagation
Geometrical Optics
Physical Optics
Diffraction Zone
a A”VAC? (Centinue en reverse side |l necescary and Identily by dleck mamber)
ave propagation for anomalous meteorological conditions around Canton
Island is studied by pursuing the geometrical optics and the physical optics
approaches. The relative merits along with the limitations of these two
approaches have been established. For ranges beyond line of sight the physical
optics approach is applied to the bilinear and the tri-linear refractive index
profiles. The numerical analysis to determine the real eigenvalues and the
height gain functions has been carried out for the bilinear refractive index
profile. This numerical analysis has been carried out for four bilinear

)

0D i lm EDITION OF | NOV ¢8 18 0BSOLETE UNCLASSIFIRD Ber e "
1CATION OF THIS PAGKE ('

~———




.

i g WS s <

S i S N e

UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered)

refractive index profiles and three wavelengths.
\
|
\‘ \ 2
3 o UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE(When Date Entered)




EVA N

F19628-77-C-0145

to study the wave propagation for the cases of bilinear and
profiles of the atmospheric index of refraction.

2, The above work is of value to the Air Force since it wi

presence of the tropospheric ducts,
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l. This is the Final Report on the contract which over the period from
20 April to 31 October 1977 investigated analytically the radar perform-
ance degradation due to tropospheric ducts, With the case of low look-

angle specially in mind, the physical-optics approach has been employed

trilinear

11 provide

basic information which is needed for a proper evaluation of the radar

performance related to the detection of low-altitude objects in the
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1. INTRODUCTION

1.1 Statement of the Problem

The frequently occurring meteorological anomalies in
certain geographical areas of the world can modify significantly the
electromagnetic propagation. The modification in propagation affects
the performance of the communication systems in such a fashion as
to be able to communicate for distances significantly larger than
what is expected during normal meteorological conditions. For
ground based tactical missile systems and the long range surveillance
radars, the impact is more significant. The radar systems experience
range and angular errors for look angles which are greater than
a couple of degrees. For elevation angles less than a couple of
degrees, the systems can detect targets at significamtly large
distances. However the signals corresponding to these long ranges
of detection are contaminated with the clutter, the primary'énd
multiple time around. Further along with the extended detection
ranges, for slightly higher elevation angles the target detection -
is impaired due to the existance of holes or the shadow zones. :

The existence of regions of extended detection ranges,
and of regions of shadow zones, are dependent on the meteorological
conditions which tend to modify the refractive index profile and !
hence the propagation behavior. The refractive index n is related
to the atmospheric pressure P, absolute temperature T, and the
partial water vapor pressure e. The refractive index n is given in
terms of different parameters such as N, M, and B units, etc. 1In

this report we use only the N and M units to describe the refractive

index and they are defined as follows:




kl kze
N = (n-1) x 106 ¥

T2

Here the constants k1 and k2 have the following empirical values.

ky = 77.6, k2 = 3.73 x 105

For normal atmosphere N decreases uniformly with height imparting a
downward bending for a ray path. On the other hand, the earth's
curvature gives the appearance that the rays tilt upwards. This
apparent upward tilt can be nullified by incorporating the curvature
of the earth in the refractive index profile which leads to a
straight trajectory for a flat earth. The media dependent bending
of the ray then is described in terms of modified refractive index

profile n or in terms‘of M -'units, and they are defined as follows:

A

z
n=n+—
a

and

~

z
M= (n-1) x 106 = (n +-;- - 1) x 106

Here z is the height and a is the radius of curvature of earth,

(a = 6.4 x 106 m).
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Thus M and N units are related to each other in the following

fashion:
2
n-(u+(: x 106))

For normal meteorological conditions, the plots of M and N units
as a function of height reveal that there is a steady increase
of M units with height as contrast to steady decrease'of N units

with height and this is displayed in Fig. (1-1).
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Figure (1-1) - M and N Profiles For Normal Atmosphere
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During anomalous meteorological conditions the temperature and the
water vapor content change in such a fashion as to cause significant
deviations in the refractive index profiles and thus in the profiles
of M and N as a function of height.

Some representative plots of M profiles have been re-
produced in Fig. (1-2) and they, in general, fall in three major
categories:

1. Normal refraction
2, Subrefraction

3. Superrefraction

A

<4 200
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<+ 100

S

Height (Meters)

I RN AR

e YR

200 300 400 M-Units

Figure (1-2) - M - Profiles for (1) Normal, (2) Subrefractive
and (3) Superrefractive Conditions

The subrefraction and superrefraction cases are due to the anomalous

meteorological conditions and this report deals with the electro-

magnetic propagation through such an anomalous medium.

|
|
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1.2 The Outline of the Report

This section, Section 1, haa identified the main topic
of this report, namely, the determination of propagation through
meteorological ducts.

For the propagation studies, the meteorological data for ;
Canton Island was provided by ESD and Section 2 evaluates the data ‘

and classifies it in an appropriate fashion.

The electromagnetic propagation through the medium
around Canton Island can be studied by geometrical optics which

provides a reasonable characterization of the line of sight pro-

pagation. Section 3 discusses this approach and its limitations.
The alternate approach, namely the physical optica, is also discussed
in this section in order to highlight its application to the
difraction region. Section 3 further provides the ray trajectories
for four days of nctooréloqlcal conditions so chosen as to cover
the broad spectrum of variations in the characteristic parameters
of the duct such as the duct width and the lapse rate of the M
units.

The primary purpose of this investigation is to develop
the physical optics approach for propagation through meteorological

ducts and hence details of the analytical formulation of the guided’

mode approach is provided in Section 4 for two refractive index
profiles, bilinear and trilinear. The numerical analysis based on
several techniques such asr Newton-Raphson to determine the characteristic

wave numbers has been carried out for the bilinear case and is i
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discussed in Section 4. Also, the height-gain functions which
describe the dependence of electromagrietic field with height
for different modes have been included in Section 4 for the bilinear
refractive index profile.

Finally, the conclusions and recommendations, the
references, and the different appendixes are provided in Sections

S, 6 and 7, respectively.
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2. METEOROLOGICAL DATA FROM CANTON ISLAND
For the purpose of anaysis, it was decided during the
| early stages of the contract that Raytheon will be provided with

sample meteorological data from Canton Island (280S, 171.6°W).

2.1 Data Format

The data was provided by U.S. Air Forces Environmental
Technical Applications Centre at Scott Aire Force Base, Illinois and
was in terms of the meteorological parameters (T, P, e). Here T, P,
e, respectively, stand for the temperature, the atmospheric pressure
and the partial water vapor pressure. The data provides for the
typical refractive index profiles for the year 1973. This data is
translated into N units, M units and the rate of change of N with _
height in tables (2-1) through (2-12). These tables are for twelve 5
months, with two profiles per month. The criterion that is used to j
determiﬁe the presence or absence of a duct is based on the condi-
i tion that the rate of change of N units with height is less than

106 /r where r is the radius of the earth (r = 6.4 x 106m).

q 2.2 Data Evaluation and Classification
Based on this criterion, the following observations are ‘
made regarding the nature of the refractive index profile:
1. The meteorological duct was present for all the days

f for which the data has been provided.
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Eighty percent of the time there existed surface
ducts.

Twenty percent of the time the duct profiles were
more complex with possible existence of elevated
ducts.

The limited number of data points (M-units versus
altitude) force to characterize the surface ducts as
bilinear.

The duct width, under the circumstances, is inac-
curately determined. For the available data, the
duct width is most likely the maximum value rather
than the likely value.

The duct intensity, as determined by the rate of
change of N with height, varies from -201/km to
-789/km. The minimum intensity occurring in December
and the maximum in March. The refractive index
profiles based on the radiosonde data are not
corrected for different measurement errors. The
errors could either be sensor-related or could

be the timelag in temperature and humidity measure-
ments. Finally, the most conspicuous error is the
lack of correlation between the first radiosonde
data point at some altitude which is different than

mean sea level and the sea level measurement.




The duct widths for the surface ducts, defined

as the height at which the minimum for M occurs,
varies from 40 meters for January 2nd to 102 meters
for September 5th.

For the largest duct width of 102 meters, the
minimum frequency that is trapped is approximately
350 MHz, and the minimum for the smallest duct

of 40 meters, it is 1.43 GHz. This is based on

a crude relationship between the maximum wave

length trapped and the duct width.

Amax = 0.014433/2
c£ féét
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3. GEOMETRICAL VERSUS PHYSICAL OPTICS APPROACH
The electromagnetic propagation through a medium is
governed by the refractive index profile of the medium; and it can
be characterized either by the geometrical optics that is the ray
treatment, or the physical optics that is the wave treatment. The
distinction in the two approaches which was highlighted for optics

originally, is equally valid for electromagnetic propagation.

3.1 Geometrical Optics or Ray Trajectory Approach

The geometrical optics approach is primarily based on the
Fermat's principle which states that the line integral of the re-
fractive index between two points is stationary. This leads to the
well know Snell's law which states that n)rj cos 6) = n2r2 cos @2.
Here, n) is the refractive index at r] and 6] is the angle of
inclination of the ray with the horizontal, and n2 is the refractive
index at r and €2 is the angle of inclination at r3.

Based on this, a set of ray trajectories for actual
refractive index profiles has been plotted to highlight the salient
features of the geometrical optics approach. The ray trajectories
are for a specific location for four different days in the month of
August at local noon. The antenna height is 50 meters, and the
elevation angle is between 0 and 1 degree. All the four ray

trajectories reveal most of the features of the ground duct, namely,

the trapping of the rays at angles less than 1°, the shadow regions beyond

40 km range, and the modest refraction at or above 1° elevation.




These ray trajectories reveal the cases when the

geometrical optics approach is not valid. It is well established
that the geometrical optics or ray treatment is valid when two

conditions are satisfied and those are:

1 An 1 |aJ1/2|

— N m— e L, Tm— L —— O

kn n kn Jl/2
Here J is the Jacobian and for detail explanation see Ref. (2),
(Paes 52 - 58).

The first condition states that the relative variation of
the refractive index per wavelength is smaller than unity. The
second condition states that the relative density of the rays in a
bundle, or the relative spacing between the rays, is less than a
constant. This second condition is quite often not adequately
emphasized when the geometrical optics approach is pursued. This
second condition is often violated when the duct is present as is
evident in the ray trajectories shown in Figures (3-1) thru (3-4).
Further, the ray trajectores indicate that there exists a complete
blank region with no electromagnetic energy at all, which in
practice is not the case. Lastly, the geometrical optics approach
is independent of frequency and polarization. This aspect prevents
the geometrical optics approach from treating any scattering pro-
blems and thus the clutter which is dependent on frequency, pola-
rization and roughness of ground or sea surface. For both com-
munication and radar systems these considerations are of great

importance, and the preferred approach is that based on physical
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Figure (3-1)Typical Ray Trajectories for August 26
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Figure (3-2) Typical Ray Trajectories for August 28




Figure (3-3) Typical Ray Trajectories for August 30
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Figure (3-4) Typical Ray Trajectories for August 31
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optics. The physical optics approach provides important information
on the extent of the shadow region and the depth of the "null" in

the shadow zone. Further, it provides a means to estimate the

clutter whether it be primary, multiple time around, or sidelobe.

3.2 Physical Optics or Guided Mode Approach

The physical optics or wave approach, which does not have
the limitations identified for the geometrical optics approach, is
most suitable for the case when the meteorological ducts are intense
enough to trap the waves. The approach can provide system related
parameters such as extended detection ranges, field intensity levels
in the shadow region, and clutter primary, and multiple time around.
Thus, in the diffraction zone (Fig. 3-5), the physical optics
approach is preferred to the geometrical optics approach when the
estimates of the radar performance degradation due to the meteo-
rological ducts are required.

The physical optics approach essentially consists of

determining the solutions of the second order vector wave equation ..

subject to the appropriate boundary conditions. For electromagnetfc‘
problems the fields E and H, which are solutions of the Maxwell
equations subject to the boundary conditions, can be described in
terms of scalar modes if the vector field can be resolved into its
scalar components. This is highlighted for the rectangular

coordinate system in the following equation:

ks




RADAR HORIZON

Figure (3-5) - Tropospheric Duct Propagation

Jkxi-x
g - ’i ajei () '!iai ¢i (T) & 2

Here, § (r) is the total vector electromagnetic field and is
described in terms of the summation of the characteristic modes,

¢i (T); and T stands for the transverse coordinates y and z which

are orthogonal to x, the direction of propagation. The longitudinal
wave numbers Kyj are the characteristic values. The modes ¢ (T)

are functions of the transverse coordinate, and they form a complete '
orthonormal set. The amplitude coefficient aj thus are determined
from the source conditions with the help of the orthogonality
condition. Thus implicit in this approach are the characteristics

of the source generating field such as frequency, polarization,

antenna height, etc. Applicatio. of the boundary condition implies
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the statement of the field characteristics (2) at the ground, (b)

at the different regions of the M profile, and (c) the Sommerfeld
radiation condition for altitudes significantly higher than the duct
heights. This approach is eminently suitable for transmission paths
which are beyond the line of sight or in the diffraction zone and
also equally applicable at the turning points, and in the shadow
zone. Thus, since the objective of the study is to generate radar )

coverage diagrams, when the meteorological ducts are present, the

only viable approach is the physical optics.

3.3 Ray Trajectories For Four Refractive Index Profiles

The geometrical optics or the ray trajectory approach
involves the use of Snell's Law to identify the propagation paths.
Typical ray trajectories for four days of refractive index profiles
from Canton Island are shown in Figs. (3-6 to 3-9). For January and
April meteorological conditions, the existence of shadow zones are
clearly noticeable. This should be evident from the strength of the

duct as measured by dN/dz.

For the September and December meteorological conditions,
the duct has been weak and a weak shadow zone is evident. It
is to be noticed that the shadow zones of January and April will
not be as pronounced as is display~d if finer intervals in the
trajectory angles are chosen. Based on these trajectories, one
would conclude that in the shadow zone there will be a total
absence of propagation paths and hence a total absence of electro-
magnetic power. The question which is very pertinent for system ]

per formance evaluation is how valid is this interpretation;
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and is there a better way to estimate the field strength in the
shadow 2zone.

In conclusion, it has been established that;

a. the geometrical optics approach is not valid in
the diffraction zone;

b. it is inapplicable when the relative spacial vari-
ation of the refractive index per wavelength is
larger than one;

c. when the fractional change in the spacing
between the neighboring rays in a wavelength is

not less than unity, then it is not applicable.
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4. GUIDED MODE APPROACH - PHYSICAL OPTICS

It is thus evident that the guided mode approach is the
most viable approach to establish radar performance in the diffrac-
tion zone and in the presence of meteorological ducts. The measure
of the radar system performance is either (a) in terms of radar
coverage diagrams depicting signal strengths or path loss as a
function of ground range and altitude, or (b) the signal to noise
ratio as a function of slant range. Such a performance evaluation
is mandatory for the judicious hardware/software modifications to
alleviate or minimize the deleterious effects of propagation degra-
dation. Recognizing this, the goal of this phase of the program is
to determine propagation behavior in the presence of bilinear and
trilinear types of refractive index profiles. The important mile-
stone of the next phase of the program is to establish the radar
coverage diagrams for different meteorological conditions and for

different systems parameters.

4.1 Propagation Through Stratified Medium

For the propagation analysis, it was assumed that the
medium is stratified in the vertical z direction. The stratifi-
cation of the medium dictated by temperature, pressure and partial
water vapor pressure variations with altitude is described in terms
of the refractive index profile, which in turn is represented by the
N-profile or the M-profile. The profiles which have been considered
are the bilinear and trilinear. This is based on the evaluation of

the Canton Island meteorological data for 1973.




The M-profile for January, April, September and December are

produced in Fig.

(4-1) and they will be considered in the numerical

analysis.
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Fig. (4-1) - Canton Island Refractive Index Profiles for Four Days
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4.1.1 ProEagation Through The Meteorological Duct
With Bilinear M Pro e

The electromagnetic propagaticn through any medium

is governed by Maxwell's equations.

and

and the individual components of the electric and the magnetic

fields are the solutions of a second order vector wave equation
(V2 + k2) @ (r) =0

Here, Laplacian V2 stands for the following:

2 2

+—

r dr gr r2 442 322
] 1 9 9
— —-(Rz—) + ———— — (sin g —)
3R R2 sin“® 230 30
SR o
R2 sin o 2342

32 32 52
¢.{ + + }
3x2 3y2 322

in cylindrical, spherical and rectangular coordinate systems

respectively.
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The wave number k = kg n, kg is the free space wave number, kg =
w/c, w is the angular frequency and c is the velocity of light in
free space. n is the refractive index of the medium.

The vector field ¢ stands for the E and H field

(r)
o
- H (r)

For a point source above ground, such as the dipole, the wave

I

equation is more suitably described in terms of the spherical
coordinate system. For the homogeneous atmosphere the mode solution
of the wave equation was first obtained by Watson (18) and is

given by

3 ejwt - Ap ~jkxm-x

Ey L xl/ze upl (2) up2 (2)

Here, upl (2) and up2 (2) are the height gain functions at

the transmitter and the receiver, respectively; the subscript

1l stands for transmitter and 2 for the receiver. The transmitter
and receiver locations have been left unspecified. For a ground
radar system, the transmitter position is fixed at h andthen yg1 (2)

2 up (h) is the specified antenna characteristics.
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Ap are the amplitude coefficients of the modes; x is the

horizontal range. Finally, the height gain function up (2) is the

solution of the one dimensional wave equation.

dz2 "
dzz o4 N kx }Ey (2) 0
~jkyex
The x dependence has been assumed as e and Ey (2z) = up2(2).

The z dependence will be deleted from hereon.

The refractive index n is assumed to be stratified

only in the vertical z direction. For the chosen four days of

M profile
dM
—— ] z <d
dz E
= 4+ q z>d

d is the duct width.

The scalar wave equation for Ey is thus given by

2
d
— + ko2 (L+2M -~ kx2)Ey =0
{ 922 o< ( (2)) X } y




Thus for the M-profile, the wave equation takes the following

form:

M (2) = Mg - Pz

Mmin + 9@ (z-4d)

— + B2 +C2 2z } Ey = 0
dz2 Y

Here B)] = ko2 (1 + 2 Mg) - kx2
Cl = 2ko2 P
By = ko2 (1 + 2 (Mg - pd - qd)) - kx2

C2 = 2ko? g

The wave equations are further transformed by the following change

of variables

By

f¢® = -C11/3 2
C12/3
il 1/3
& = + C2 z
c2/3
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Thus substituting for £, in the wave equations, we have a well
>

known Stokes equation

a2
w— E,c =0
ag2 g}<
> 2>
€A " %1 » z,a "™ f2a
B)

€14 =

B2

E¢ = £1q4 - 1173 (z-a)

.E) = Fog + C21/3 (z=-4d)

and since

(B - C1d) = (B2 + C2 4) ‘ z =d
C12/3 g14 = €22/3 g2q

Finally,

feo ™ 10 7 =
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The Stokes equation now has to be solved with the help of the

following boundary conditions:

a dE dE
b § Yy
i Ey< = E = z =d
R - dz |< dz I>
: For perfectly conducting earth
: Ey=0 z =0

Ey for z»d is an outgoing wave. This condition represents the

Sommer feld radiation condition. The Stokes equation is well

PR AP Y T

known and it has solutions in terms of Airy Integral Functions

A;j (§) and Bj (§) and they are given by

WDS——

? Eye = @ Aj (=) + b Bi (-g)
By, = C (Af (-E>) + 3 Bi (-E>))

Here, a, b and ¢ are the coefficients to be determined by applying
the boundary conditions. Note that up until now, we have not

| introduced any modal designate.

Application of the boundary conditions lead to the

following transcendental equation




g
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A (-E10)
Bj (-£10)
Aj (-£24) + j By (-E2d)

é;l/3 {A e Aj (-£10) S )}
= - i =f1g) = s s B} -£1d
q N Bj (-&10) ;

{Ai (-€1d) - + Bj (-Eld)} {A{(-Eza) + 3 Bi' (-Ezd)}

-

Here the prime refers to differentiation with respect to §, and

d d ag d
—— = — g  m— 2 - 1/3 —
e S oA | e
d d 13 d

wh*®w - 5hH T

The solutions of the transcendental equations are the eigenvalues

and for the fixed frequency, the wave number kxj iS related to

the ith eijgenvalue £14i by

kxi? = ko2 (1 + 2 Mpjn) - E1gi . C12/3

€14i
kxi = (ko (1 + Mpin) - (-2)2/3 . -L—l)

and
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; Thus, the solutions of the transcendental equation will enable one
to determine the height gain functions and the eigenwave numbers

' along the x axis. Thus, the field corresponding to the wave numbers
4 a3

are completely determined with one exception, namely, the amplitude

d coefficients which are determined from the specification of exci~-

tation or antenna characteristics.

4.1.2 Trilinear Refractive Index Profiles

o it

The selective meteorological data from Canton Island

T ——

(Tables 2-1 through 2-12) has revealed that although, because of the
nature of the measurements, majority of the cases were representable

as having bilinear refractive index profiles; there were occasions

i SN s

when the profiles were more representable as trilinear and this in

particular when the ducts were elevated. This necessitated devel-
oping an analytical propagation model for the trilinear refractive
index profile. 1In principal, the approach is identical to the one
developed for bilinear case and it entails additional boundary con-

ditions representing matching of the transverse impedances at

e el .. el .

q the intermediate regions of M-profile.
In order to display the basic features of the trilinear
refractive index profile, we have reproduced in Figs. (4-2, 3, 4)
some well known refractive index profiles. The Fig. (4-2) is
obviously a surface duct with the bilinear M-profile, Fig. (4-3)

and (4-4) are in general categorized as elevated ducts with

trilinear M-profiles.




Height
Meters

Height
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Height
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10 4
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Fig. (4-2) - Surface Duct - Bilinear Profile

aM

—u + g z <d
Ae 1 1

= -p d) <z < 42

- +q2 2 > 42

TP 600 M-onite

Figure (4-3) - Elevated Surface Duct - Trilinear Profile

da™M
—- g z < 4y
dz
%
1 - -p d; <z < 4z
- + q 2 > 42
B el
+ $ ettt + + —
200 400 600 M-Units

Figure (4-4) - Elevated Duct - Trilinear Profile




In all the three cases, the duct width is defined by d. 1In Figs.
(4-3) and (4-4) note the difference in the elevated surface duct
and the elevated duct. It is that at the duct apex the Mpi,

is less than the M at the surface for the elevated surface duct

case, and Mp;, is greater than M at the surface for the elevated

duct. It is also to be recognized that in practice, the slope
of the M-profile will not be that sharp, however, the measurement

techniques perhaps would not provide closely spaced points to

round off the M curves.
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4.1.3 Propagation through Ducts with Trilinear Profiles

The scalar wave equation for Ey for the trilinear

refractive index profiles is given by:

2
da
— + ko2 [1+2M(2)] - kle} Ey = 0
M(Z) -> Mo+qlz Z<d]_
+ Mo+q1d1-p(d2-d)) +p(d2-2) d1<z<d2
+ Mo+q1d)-p(d2-d]) +q2(2-d2) z>d3
or
32
— + B} + C Z} Ey = 0 z<d}
{ az2 1 1 Y
d2
el - sz} Ey = 0 d1<z<d2
dz2
and dZ
—, + B3 + C3z } Ey =0 z>d2
dz?2 i Y

Here By, C1; B2, C2; and B3, C3 are given by
Bl = ko2 (1+2Mg) -ky?2

C1 = 2ko2q)

By = k°2[1+2(M°+q1d1+pd1))-kxz

C2 = 2ko2P

By = ko2(1+2(Mo+q1d1-p(d2-d]1)-q2d2) )-kx?2

C3 = 2ko2q2
By dg

Let Eql = — _ +C11/32 ~—f< = +11/3
B2 ag

€c12, = —= = - C2l/32 (13 = ~Cgh/A
c22/3 dz
B3 dg

§22 = =  + C3l/32 —|, = c31/3

C32/3 d,

i A P
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These substitutions in the wave equations lead to

a2
{i=_ +¢ |8 =49
dg2, 1 Yy
2 2 2
3 3 3

This again is the well known Spokes equation and

has solutions in terms of Airy Integral functions.

Analogous to the bilinear case, the field description

in the three different regions is as follows:

Aj (~g10)
Eyl = a1{Aj(-§<¢1) - ——— Bj(~£<1)}
Bj (-€10)

By, = a2{Aj (-E<125) +a3Bj (-E<12>)}
By, = a4{Ai(-8>2)+3Bi (-£52)}

The E field has to satisfy the following continuity relations:

E = B

Yy Y2
dEy dEy2 at z = d3
dz dz
Eyz = Ey3
dEyz dEy3 at z = d2
dz dz

These boundary conditions enable us to eliminate the different

amplitude coefficients.

b
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From now on we are specializing to the case of ql

= q2 = q. Consider first the continuity relations for field

and its derivative at z = d; which lead to the following equations:

Aj(~£10)
a) {Aj(-£141) - ——— Bj(-£1a1)!} =
Bi (-£10)

a2 {Aj(-£241) + a3Bj(-E241)}

Aj (~E10)
Bi (~§10)

and ay {a;'(-E141) - - Bi'(-E1q1)} =

P 1/3
7t - a, {ai'(-g2a1) + a3Bi'(—szd1)}

Aj (-E10)
or Aj (-£141) -~ ——— Bj(-£141)
Bj (-£10) M
, Aj (-£10) :
Aj (-£1491) = ———- Bj (-£141)
Bj (-£10)
] A: (= S
e {aj (-g2q1) + a,Bj ( Ezdl)j
q {Ai'(-Ezdl) * a381'(-€2d1)}
Let the L.H.S. = P/Q.
p p 1/3
then Aj (~E241) +-ac;) - Aj'(-§241)
a L

pp L/3 :
Bj(~€241) +—(m -+ Bj (-8241)
Qg
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Likewise, the continuity relations at z = d; lead to the following

a4 {Ai(-£>d2)+jBi(-£>g2)) =

a2 {aj(-£2d2)+a3Bj (~£242)}

and ag {Ai'(-8>d2)+3B;' (-8>42) =
p 1/3
~a2(=) - {aj'(-£242)+a3Bi' (-E242)}
q

Thus the transcendental equation is given by L
q."
{ Ai (-£>d2) +3Bi (~£>4d2) } (-p—

Ai'(-£>d2)+3iBi' (-£>42)

f Aj (-£2d2) +a3Bi (-£242) }
Aj'(-£2d2)+a3Bi' (-£242)

pp 1/3
where Ai (-£241) += (=) - Ai'(-8241)
Qq
a3 ¥ 5 1/3 ‘
Bi (-=£241) +- (=) Bi (-£241)
Qq

4.2 The Solutions of the Transcendantal Equation - The
Bllinear Refractive Index Profile

The transcendental equation which is arrived at by
satisfying the boundary conditions at z=d, physically represents
the matching of the transverse impedances at z=d.

Bz< = 82>

or equivalently ¢(2) = (8z<-8z>) = 0

L
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and 2z<, #z> are the transverse impedances for z<d and z>4,
respectively.

Because of the nature of the transcendental equation,
a closed form solution does not exist and an iterative; numerical
procedure to locate the zeros of the function ¢(8) has to be
adopted. Three different approaches have been explored, and
they are:

a. The Newton-Raphson Method

b. The Secant Method

c. The Zero Crossing Method

4.2.1 The Newton-Raphson Technique

This technique, essentially, provides a procedure
to obtain an approximate solution of the transcendental equation

which, after several iterations, approaches the exact solution

and it states

¢ (80)
518~ T
¢ (39)
Here, 80 is the first trial solution of the transcendental equation
¢(8) = 0. ¢'(80) is the derivative of ¢ with respect to 30 and

gl is the next better solution to be used for second iteration
and so on. Thus, the ith solution is obtained from (i-1l)th and is
¢(8i-1)

Bi = Bi-l - ——
¢' (8i-1)
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If the transcendental equation has n solutions then this procedure
has to be repeated n times.

The Newton-Raphson iterative technique to locate
the zeros of the transcendental equation is effective only when
the trial solution is reasonably close to the actual solution.

The Newton-Raphson procedure thus has severe limitations.

4.2.2 The Secant Method

This iterative approach is analogous to the Newton-
Raphson approach and the iterative solutions are given by
(8i-8i-1) ¢ (Bi-1)
¢ (8i) -9 (2i-1)

Bi = Bji-1 -

Note that in the limit when 8; approaches the exact solution

gi-1, then this expression is identical to the Newton-Raphson
expression. Alternatively, if Bj-3j-1<<§ and if ¢ (2i-1)-¢ (&)<<e
then the techmique is identical with the Newton-Raphson technique.

Here § and ¢ are very small quantities.

4.2.3 The Zero-Crossing Technique

Another technique which is applicable to determine
the solutions of the transcendental equation is the zero crossing
of ¢(8), when ¢(B) is plotted as a function of 8. This procedure
is extremely effective for the trapped modes or when the {1di
are pure real, positive or negative numbers.

In any case, for all three cases, the computer programs

for the Airy Integral Functiohs and the Hankel Functions are

required.
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4.3 Numerical Analysis For Bilinear M-Profile

It was decided that four meteorological profiles will be
chosen in such a fashion that the two extremes of the characteristic
parameters such as the duct height and duct intensity shall be
chosen,

For the 3rd of January, the intensity of the duct was
close to the maximum; for the 4th of December, the duct intensity was
minimum. For the 4th of September the duct height was close to the
largest while January 3rd it was close to the smallest. For the 5th
of April the duct was moderately intense. For all four days, the
profile was describable as bilinear. Finally, in order to extract
the frequency dependence, three wavelengths were chosen, and they
were 10, 20 and 50 cm.

Based on the expression for the maximum wavelengths that
are trapped by ducts of height 4, the following observation is made:

Table (4-1) ~ Trapped Wavelengths

Date d (meters) A max (cm)
rd Jan. 42 22.09
Sth Apr. 85 65.20
4th Sept. 94 75.82
4th Dec. 75 54.04

a. For 10 and 20 cm wavelengths the field is trapped for

all the four cases.

b. For 50 cm wavelengths the field is not trapped for
Jan. 3rd case, however, it is trapped for the

remaining three days.
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4.3.1 The Zero-Crossing Technique For Trapped Modes

For the four days of M-profile data and for three
wavelengths 10, 20 and 50 cm, the transcendental function ¢ (%) is
plotted for various real values of 8 varying from -5 to +5. These
plots are displayed in Figs. (4-5 to 4-16). The zero-crossing
values of B, or equivalently £1d4. for which ¢ (%) = 0 are the
solutions of the transcendental equation. Consider now the January
3rd profile and A = 10 cm case (Fig. 4-5). The zero-crossings take

pPlace for the following £33 values:

Eld=-1025' 0068' 2.8’ 5025

First observe that the zero-crossing at -1.67 is not
a true crossing as is evident from the computations for finer
spacings of the £)3 values. The ¢ (8) will continue to decrease
approaching - & for £14 values in the vicinity of -1.65. Likewise
for g1g = -1.68, the ¢ (8) will increase approach +®; hence no
zero-crossing for £14 = ~1.67 is possible.

The first §)4 for which ¢ (2) = 0 is -1.25 and this
negative root needs to be interpreted. Consider the field Ey
associated with this root and observe how it behaves as the height

increases from z=0 to z=d and z>>d.
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The height gain function or equivalently the EY is

given by
Aj (-€10)
Ey< = Aj(-8<) - e Bj(-E<) z<d
Bj (-£10)
= Aj (-E>)+jBj (=&>) z>d

The &<, £>, £10 have been defined in Section 4.1.1. For the
£19 value, the £< range in values from +5.9 to -1.25 and > approaches

zero from -3.57; and for height z = 77.8 m it becomes zero.

For greater heights it is an increasing positive real number.
For these parameters, the field intensity Ey will behave as follows:

a. Ey oscillates up to z = 35 m at which g¢ starts

becoming negative.

b. It increases in amplitude from z = 35 m to the
duct height z = 42 m. It continues to inrease up to z = 77.8 m
at which £5+0

c. Beyond z = 77.8 m the field behaves as if it

is attenuating with height since &, is positive real number.

S g

The intensity of the field above the duct height is higher than

e s

in the duct and may be construed as the dominant leaky mode.

However, this fact alone will not yield the information as to
the intensity of the field above the duct since the excitation
¢ problem has to be worked out before any quantitative estimates

of the field intensity above the duct can be made.




4.3.2 The Leaky Modes

Up until now we sought solutions of the transcendental
equation which were positive or negative real numbers. The deter-
mination of the solutions of the transcendental equation for complex
values is much more involved and time consuming, and the resources
of this contract do not permit detailed analysis. Nonetheless,
some already developed approximate expressions are used to determine
the complex eigenvalues or solutions characterizing leaky modes.

The expression which is used to determine the leaky
modes is given by (2)

{ +l 4 -J;-s 6
An Em*g 12 Sg 950 Em9

(1382-58) 1
+—__—-g7 +
1260 1260

Sg 2 g8

By e T

4d P
Here, g=';, H=(ko2q)-1/3, s=1-s3, s3=-; and gn are the zeros of

the Hankel function of second kind and one third order and are
given by
£1 = -1.169+j2.025
2 -2.044+j3.54
3 =2.76+3j4.78
The expression for the eigenvalue Ap=qm+jBm iS valid

for small values of g(g<l). That is, the duct height is comparable
to the scale height H and for these values of g the eigenvalues
approach the zeroes of the Hankel function of the second kind

and one third order.
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Recognizing that for A=100 cm the field will not
be trapped by any of the ducts; A=100 cm was chosen for calculations.
Thus for A=100 cm and for two days of duct profile, the complex f

eigenvalues are presented in the table as follows:

Table (4-2) Eigenvalues for Leaky Modes

Jan. Dec.
A=100 cm g = 0.545 g = 0.6646
A1 -0.574+j2.02 | -0.48+j2.021
2 -1.448+33.53 | -1.354+33.53
3 -2.163+34.78 | -2.07+j4.77

Stk i

Use of the same equation for A=50 cm leads to results
which do not appear to be valid. For A=50 cm, g = 1.378 for
Jan. 3rd duct and g=1.476 for Dec. 4th duct and thus the expression

for g > 1 does not seem to hold.

4.4 The Height Gain Functions for the Trapped Modes

As discussed before, the variation of the field with
height, also termed the height gain function, will reveal whether
or not there exists field outside the duct. For this reason,

height gain functions for individual modes have been computed

and they are shown in Figs. (4-17 through 4-53).

The height gain functions are the plots of modal

E field i.e., they are the plots of the following expressions: i

Aj (~€10)

Bye & Rj el = SoUowwm— Bj (=E¢) z<d
Bj (~£10)

Ey> = Aj (-§5)+jBj (-&;) z>d

e ——————————————il]
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The £<, &> and )0 are related to £14 where £14s

are the solutions of the transcendental equation. The expressions

for g<, &>, and £)10 are given by
< = £1a9 - Q11/3(z-d)
E> = £zd + C21/3(z-q)
and €19 = By/C12/3

Observe the peculiar behavior in Fig. 4-18 for heights
greater than 100 meters. This is due to the fact that the arguments
of the Airy Functions are large and the asymptotic expressions for
the Airy Integral Functions are to be used. The computer programs
have not been modified for large arguments. The peculiar behavior
displayed in Fig. (4-28) for small and large heights is also due to
the same reason of large arguments of the Airy Integral Functions.

The height gain functions which are shown in Figs.

(4-17 through 4-53) are the behaviors of the individual modes
and to determine the total field these modes are to be added in
phase and amplitude. But before that, the amplitude coefficients

or excitation factors are to be determined with the help of the

antenna characteristics or equivalently the total field in the
yz plane for x=0. The excitation problem has not been addressed

in this report.
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S. SUMMARY / RECOMMENDATIONS
S.1 Summary

In this phase of the program, the electromagnetic
propagation through a medium, which.was characteristic of meteo-
rological conditions around Canton Island, was considered in
depth. The meteorological conditions around Canton Island were
represented by bilinear and trilinear refractive index profiles.

For the propagation analysis, both the geometrical optics
or ray trajectory approach and the physical optics or the guided
wave approach were considered. The relative merits of these
approaches were highlighted. The ray trajactories for four dif-
ferent days of meteorological data were also generated.

The guided mode approach was pursued to determine the
propagation behavior for both the bilinear and trilinear refractive
index profiles.

The numerical analysis to determine the modal solutions
and the corresponding height-gain functions was carried out only for
the bilinear profile. The modal solutions were obtained by
iterative numerical analysis of the transcandental equation for

the trapped modes only.

For the leaky modes, a previoushy developed approximate
expression was used. The validity of the axpression for duct
heights smaller than the frequency dependent scale height was

established.




u——

1le

Although leaky modes are indicative of the field above
the duct height, for quantative assessment of the field intensity
in the shadow zone, the excitation problem has to be solved.

This has not been addressed in this phase of the program.

5.2 Recommendations

The usefulness of the guided wave propagation analysis
hinges on the ability to generate radar coverage diagrams. The
radar coverage diagrams in the presence of different kinds of
meteorological ducts would enable one to evaluate the performance
degradation of ESD sponsored surveillance radar systems.

For the generation of radar coverage diagrams, the
following tasks need to be completed.

X, An effective analytical technique to determine

the complex eigenvalues representing leaky modes.

2. Determining the amplitude coefficients of the
trapped and leaky modes by addressing the excitation
problems or by specifying the antenna characteristics.

3. Applying these techniques to different meteoro-
logical conditions and different radar systems
parameters.

These tasks can constitute the second phase of the

program.
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APPENDIX I

Computer program to determine the roots
of the transcendental equation.




|
. &
3 8 el
“.. * (17775 (H359°0840uPs 8°9°01 4434100 & a8 @ ¢ 10_
i R BRI —9739°0%4%0 & ey =T
B y 6/09%°0i 4% & duoe r3 oy
0/09°01 400 B ae ¢
- __ a o PR T T8 /09%0 40 B vesuvYl @ 4 e
; 1 . } 0//00H1)AVHN0S S 0
1 G28° (40011 )V44(40011)d* (JOU )0 (X1 ) Inege Anlnd %
% TCoE/14°2¢°0)x 13 ) 421331 35S ° 20028 L ] 4
1%5240011 005 00 "
3
O T SR 1°1=¥301 o0g 0C I‘un
. ;
: L @:- o5 0o _ s B
B |
A : {pocs ae -
3 ¥ b geos L= =3 - =] eoceoses -1 ) 3
3 gt TH ¥ P gA e e e 4740028 e
i1 w (111} v/é d Q VoMYl e¢ [ 13 =)
! TR $/7/91M1)AvHE0d 06
E: = R (00°2) ININd -
1 o P (o)
H Cenl0an23893/ 1) 472X 1IVI
2 p - e T T U T TUsHISH0NVaNYASe) SV 1TV T =1
I 1 &3 : ssoud 13 ‘0
wu E (®9)onvIvA 1)
! — - 5- 4 > ($°195°1)u08Aud T
o = (SL°01°°g1)39v4 TV "0
~ X Mm savini 1) s
] N 5 % A = ey o »ouPUN TWI =
e m suannd 1193 ‘0
oH 13v43 1)
= [ =t i o TR (*IInuvive®peid e <%
=< m (C°C/°2)08°Se s WD)/ ((°5/°1)00°2)8L WD
r =y Lt P e o e~ = L1INNS/((°E/°1)es°2)80 Wi d e
] €281 41 WS /%) TSN 1IVI ‘@
L = m CIu2T0L IS E/°2) VunTay 11V
T . ) cana- i T
’ 43VIIMeT ¢ XOB4YHOL/IONE ViVE '@t
/$°02°03°/1% ViV . z
799E°°018°°19°C4g°0/vd ViVE
\ /79e28000°49=3£0°09=2190°°9=3059°/4 ViV '0
7°21°°v0°°S9*°20/0 VivVa o [ 1]
. 9
3 (S) e (pIvge(9)g®(v)a NuISNINIG > 'O
[ _ FRIGITIAFUN T  INNNRC20008° 10008 NuISII3ud 379100
3 . WANESONXS LIVIRONIGRC118°000800084EV4 NIISI23ud I WWNOC o ‘0
d490190 1 WW0dL4044°1IMM401) nolgldInd 378108 :
___449°%13°%1 . i
21028°110284028 x3V4w0I " T
C T S00I)IOHTI (21D 1A (RZT) TN (2)ION L INMIS LIS ¢ s
..n-\ 90(E0)dL4°(E0)A90(50)140(081)AIVIX/LIVIR/ NOWNUI > '‘®
s (GO831L 4140234V 10A1dINDOANGNI)LSOr WVYESIId — = T = B
700007 L1=222¢0 I ]
' ¢ SE°66°C8 *22/00/LL t I L NTY) Fval Islgn  wu/fL 480P WVES0Ud ()

O R e, o e e .




. .2--2.:2 «.2 8..3!-
= Y00V AT ING 1INV NN uon ALuEY wan0Y
’ °9007 41u4 M0 ‘413 yIdn °39° LLuiY 9dm0)
194007 4184 0 458u1Y yidar °39° AlulTY ¥Ine

[

g

0074180 N8 YALNEY yaden °39° AlweY dweY

_M300s4 40 Sisowsvie

o o0 g o0 S
[ 4
L J

Svise  ALludals ‘wn Gwv) _.n

3
2 Lol

5y (Ini)ivnged TIg )
) : tiiseerinlug
Ymne 1WVI

T T 0640015)940 €400 11)€0 C 1E) 1RO ANIT) AU YT TIVI
. COIVORBLNIO°2102¢INE 9°2198) 1VNN0S
(3301)0ue ¢

RINTTTRITIB0TIIVA* (400 11135 C0a 11 )as CIMTF M L05242) INTN4 :
11820088 002

: 1)
 pEST QUALTTY PRAC
mi ’w‘?;\gzi-kw PO DO et

T T T I teosTeE INIcecsisRtInitel & - .
e : Jivwwod 888 R
: 1180000000383 0131 Inlud "

5 ~T NIGR7HINR=0085118(2°03°¥301) 41  0S1
(C00820000° )/ (Iunnx=2uniix) ) /mx=008°118(1°03°y201) 1
00 04 #(9°° ¢

12
ndijx I d

; ...-I-il.:.o.al..:..ut.:.83..28..8..““.8““.““.““““..
S Enaene Sunng® 530 (00011 )@0EV 4 14° 100084 110285000060004°) bent]) 4T

Toel

00f 01 09 —
0cs 04 us(2®e3°y301) 4t ]
nmisnod 028

NonxetINIl I tdh — -
s08atind1)idn J
PP TAT

uie°5100yse08 w)AVNEDS TR
NONRS008852) ANLNJ
00g 08 N9(0°W°® o

(9519 Sumunmx

CHICT*NNNE*$3¢ (40013 )A0EV4*14°0000°028°008) tans1 )4t
: : ozt o4 8....-.....8.
1°slieg)e®

121088 028 LG 7
[ LTUF)

jéieg e02 ou

winglte w)ivNe0d

i6 Intud
€28 I e 4

(“11]] etiglte
, 02000V9%2%2/) 19NNV d %

-aees
de0e

Cu3e8)Yours9e Antad —
2eetvd/ (@28)0gVIntes
2000%Re (MUY d"13

50681 ‘qeld

(M) IN/T4e°2000 — ~
(°g/7°1)0e( 00V ) vt vd

800N N84 2Ivel 18hen  sa/sL 1007 WVEOON4

R S DI R AR 7

Torge: - r— e E—— o e ——— e



v 1dd 2001 .
= ek emisw v 8420 13vex  Aveay was fex 2128
” 9 R 1 ] T 8438 N ] Suomx 1836 |
[ ] 4] 1 1] 8438 3%n0e tunnx 4920 .
L2 (] ”w " o 843 _ Feme o o2y
(1 M4 S T e &
Be % (11 is 4 843y AVERY v = e0fe
[1] LEIT" N I | 8434 778000 onx LE20
o1 » 843 “AJV4R T AVewy T 3Wnud  Lvix o
%" 1] 8434 300 enjax $520
5 - o n 8438 __ et Indaox $s2»
(%] (/. 6f 843 g R 3Wne8  w3ex $52
% '8 8438 3400 21028 122
] 4 8439 X3Vémyd fio28 Lid
o T ) 08 T —4NIse o s
( ) " |1 is - i 8434 “2314m0d o8 side
e 56 6 [0 (1} ( 21 ] 379100 1is €2
i e %" 11— sin T TR T 3meiwg T 20008 oy
ve 1] 8438 Fy ) 10008 €320
(7Y 11 (] 8434 17809 0008 152y
e U 19 — T @MILNE 69 T ees? S 1T T L R L e
[ Y3 % (73 71 (1] 8438 30 008 L2220
° oMl se
9 e ol . e L wis 14 1929
s amisde -
” ”® - (71 fe (1} 8538 37%nod fvg S22
Gt | (RTINS e ]
: %% 6 ] is £ 843 Avowy e 4 0050 U
3 Omidde 56 " is | 4 8430 il AVewY v3s 4 vdy
1 68— emiIN s ¢ v T 843 TR AVewy  e33dinl — lowr el2t
3 7] (E ) ¥ e si3a s3%3iul r 19 i
3 OINE 40 11 St (4] Is 8438 Ly FIT m: 220
3 : 6 ~ T OMIIP ees2 . T ° T il
: L] "’ " s 15t 8438 83931nl 40011 ey "
; ’ 8434 Avax AVBYEY a3l Joul st
: = g 2 Doy - i T ¥393InE 9T 2y31 0826 —
: o’ * 12 ss3 93inl o g3l 4520 °
Y Unid [ (1} e 29 843 8l 301 $92»
i i3 oy ML — 06 — 00 o T 8438 T #93ul T NIT ey — |
3 (o 1 ” (Y 3¢} ] [ ) s438 #3931l 1 s 9
¢ & ] 8438 1vex AvVayY %00 19 %08
| N 6 » T 8434 TAAX T AVERY — 3WN00 43 2090
J o’ (1] UML430 [ 1] 2 (] L 8434 1v4x 3791040 L9 9021 o(
2 & » s434 1v4x Aveay 300 d14 os4
® T8 T 8438 T T LIVEARTTT AVERY T TWnwd 34 %0
(o 1 4/ Qmi4s0 £ L 1 ] [ ] - 843 4vax 3Tenyd Alnud 0021
st qmi4adg
L [ 99 b 71 114 TEY T T e4d T T AVEWY v 0 e
o " [y 10 by ” " ) 8430 3ewd 13 g2 t
MiLvISI 3da w8 S eviava
s i ' 4 480F oisg ’
Mu . LFE } pFE] M 420 Siulog A¥AND

D (§e8) avn 3Im3adsde I100uAS
(o)

4 ¢4 SS°68°S1 °T2/e0/LL 35009°0 uid . 2ovel Isle0 eu/82 1800 uvVEPORe

o N N AN AR 1 AR, = e g v TP emam—— T o A e s e e T 2 R S B G S e



i D s A M

v
(o ) m (001)  0ME 060 oz1)  sdA .:
- ({11} fdn 059 (@) WuP 999 (2) LWme 999
e - (@) ZWNMI 009 T C(99)  dI0 eSS ~ T T (eg) 484 Bie :
O m te9) 10 ‘90t to0) 14 00 (005) 43véx © [T Advan
=, i A B A Ry D L L. SHANZ)IuvN VIO - sulewBn = NAONDY  ON30Te NewNe)
.
&3 01353 8428 I3 Y 1. 1L o o2l ogss
o a2 s son  9131x3 8438 %2’ (13 ” m ] (1]
s : T N AON 43 X3 T 88 T e T 008 00§
o Qm uINNE SON 8428 X3 00 L% 30 ¢ 0o o042
- e Z i SINNT AON 8439 AX2 wt 1) WL o o0f
= Lm w T T eST183308d MASHEY T DIvHeN7 T WIONT— Vagvl
BE. . s A i . 208 3ALLIVNMIE 60
B : . — (1]} o (1] St T°7 Rt 1714 i
o <3 4 " L "w. o W sy [ 001 999t
88 . e X e Lo e L U nd w2 20i0
Tz e Eomoenan: &
o &8 49 JALAIVNE st o
PO & “w  u ud 120 e
. TR T o — o2l SSI.J
oL - o smum ™ B
I i (1] 90 B 7 T :..IL
o : . 29 $9 4 % W0
m X .- s T s $500
- Ny 3 O T T M T 0 1209 T
o™ e~ : ..8..828 !.-.. 3. S136vY Andudivie
% TTNIMND T RZWWe) T Mlwd
(o ] < dg-&- i1 00 o989 24aL  Swelidwnd Imiwi
SO ko e —
(o1 28 ! B iNé
T e 94
T o G | MRETTaTan ~ueueoN
o’ o e 4IveRy
: st ] AWiny
: P A e Sl e YN 1
o ‘99 ] " & #3924t tugel
S 58 v 10718
g s o | * - sxvaNg —————
o’ 68 ’ 14 00
s e ot o % v " ¥ sena)
o | i “ '
) 2 o - o ] Asvnetl 0 R3vwed )
N ri ST g CTAWWNEIY 0 T W eevd
ot %2 Awvuely o i) sy
R T S vn¥3ARD
. 1] nosaen - . 008 7Y o . SN fud 234Vl 082 _
o' Bt : _ . IR
1 [ 3 L/ ] — N X 2 2 | st — ~ nd indine ~
o ' : : (UY | B
o . 300w Suvh 214
QO: . v 13w . 508t ‘00Ul - SO009°0 A4 | Jovel 1eldn W/t 100 wYUBONY [

b S e 1 S Bt 5 S




Bhe oo ol ity wasind

1TY PRACTL 3
S BEST QUAL (T ‘lc‘/‘%‘

URNISHED $0 DD

i

Q
PAGE
COPY

s

Q
9
s

!
|
|
i

Q
124
Agpendix [

I¢3
|

!

I

!

!

|

|

i

|

%. ; o8N HI 00002%

e ok 060 . 99541 HEoND) wOWNe) G2V3eVY w3
A 174 R 11+ g RiowZY ¥3
p - 8 .. T HASHDY NYy9eRd
v

8314014V48
'O % V¢ SE°06°CH *22/00/14 260090 n44 JIVEL 18440  wL/88L 180F uvE9084




~——-(g°08Qs8on2ogL ¢
0/0adgldIvolatlydecdgo9sigoyey s)avuyod 112 ts
'dBEOAIRIT00LY 40044000 4°asviniiie Antud 012
-C40023%44013) 0L 1908410 i
49833=4 4013341V
(00230 4033) 05 L0010 .
Sl £ 9s23=4613s1V 022 "%
666 01 09
tesrievi
S & T (9°C802085)AVNNOS 902 1
..-..-...-.-o..-.-.......~ Intud .
3 (9°C10% o9 9°/%9°¢10% sd u ¢ [ )
E u-uqquuu.uq‘o.u-.¢-.. ‘QWINeTY °IV ¥oN u)iVNYod 08
00400yvigeR ANINd 002
022 01 09
T : 3nNIANUI 02
902 04 V9 - [ [
208 .— 00C(xvNI0I0EVeL1°CiTe0E)49)0yvae 000l & :

. .
.vz—. e | 1 . ) NINAIY 666
Om \ ,

NLITY PRACT [ CABLE
fond@

.mm.

S Br.JQI QU
URNIBHED

b

PAGE
cory

Q
m

SONV TRVNLAISEV L 1° LLT40E) 8 4)00vae®000i) T -
s8] 202 00
ok Innisnod 003
. : : . e R (S L T TSR I T LY I Iy 1 ¢
(o 4 y i : ..........;—.................................. inlud 9
_ . 2 : (N) 419049849
N (%) didedsndd
- : :o-o-:u:-s:oa..o.-qo.o...no.n.-..:-o
%083 43VaR/ (1=%0g ) 0090VEVEine®S)0lV)dsd ot
RS n)i8e3e9 ; z
(n)24040d
e Stn)a0)0uvEeRVHA((nvNA0)00Y*L0° L (n) 29)0uva) 41 R,
(N4 4)0uc =20 MM Cvad °se°tin)adienvadt 0 T o
(hoNeg) 23V AR/ (1 oNet JoesuVedn(Nn) LS 2
.-.-..u...s.-.a.o.n-..-....-;
: et v el (leneg)onng —
(o S 4 i " e .n.-.....-c
; £ ) j e 4 i gotisy 002 00 004

o° . . s " i i (LML L LTY

Q
st
ix %
-6

n
I

T
|

feflovt 2
T T Y leegyy o%¢ Antud o

__7900080282° 1648000 10958° $08809Re5SE° /50008423413 viva

-— il e Y e e e e -

e L A , ; -o:-.to:u.t:d!....&..:.t n03e833ud 319000
‘ : AWN40 4041003000008V 4IVOLVOV NOESEI2N W00

.«:!....8:.t..:::-.............!.....s.: .
..n-.... (500040 CEVI 494 CEVI A0 COSTIAIVAR/AIVIR/ NOWNOD
o

| O - : . i : (a10441ve1001VeSNYIPIEvE- NOLAINNS ¢ "

J ¢ ©d

O . V. ave . SEUWREI STWesILl . . TN wid - 2ovel telen  w/SL - rievi weliawnd
——— R e S - - -—

" - ” st e o - - F?\(:.lcl.ll'\vl.;
S st r" e e e g Ty ap—

e = e S e~



‘Q. g | 3 :

ose2 L2e2 sre2 Wiuind 1 3%enoe ssve
ose2 42 %2 WiwaNE 8 W3
IR WY B30 A Baki SROSIONNS T

Q
i

”» €0 sMiem_ 20000000 imd__ Andino
Jddom [} TR

o 3
. a3 € sa3w LIvax  Avewy  Wau 14k 20wt
S5 s 0420 Avax  Avawy ay fox
o1 2 114 (14 £+ 2 .uu:u. » “n "uwu LIvex  Avawy %9000 Savax
® v3u s
m 124 uRTas— ¢ K3 “ISen otep o S e FEROE._
o @z e [ 21 ”7e2 St v2et 52 22 843y ¥393inl )
4 = : ' Y o o oy 843 4Iv4x Avauy u3%dinl Youe
= g SR S V' F LIvex  avesv ¥39ini Yol
. o g o5 21 aInl d3a 3331mt rievi
I3 QINI420 _ ovef oo 8434 3931n8 !
: ™ _nl‘!-ou..:uﬂl € L T8 T s4an TAIV4X AvEWY 319100 9
| (0 (2] a2 ol OInl420, g 42 843u vae Xvui9
. m,.mW sz aanl43g .
¥ | w T es B 't 7 STl 843y 14X AvEwY  C 3%Wn0d — 19
! el ts o Qantd3e  sS 2 11 4 8438 3 %n0e L
L ¢ £ 843y 1Ivax 278n00 1 nms
| 45 = 4 E— " - oIl i oS e
| e 2 s 13 £ Y ] 842y 27100 )
{ “ % e " _oINtdde 2 ¢ £ 8438 1Ivax  avawy 379100 did
| 9”?2 ol T oaMI43@ e T T 92 T 843 : S L "R L MY
oY= B " aInldda
i ” e "°2e2 4 £ 843 LIvex __ avewy 319100 34
: S 10 e 2s N Y —— T 200 4d
Lo & . £ 843y 1Ivax 2%n00 2 Wmd
! < ‘ ” %3 0ani 4
_ — 1S % g 1) ° 9434 T 2w 4 W
o . OInid30  SS 2% 1 85 843y W 2 ot
‘ 8 Gangde €6 2% s 4] 8434 Tvae 13 20t
TR T T oWEdNT T 9 T sd T %% T T ST a0 T ogle 8 T
o* 1% 3 onise 9 8434 *d°s 218190 in o ~
f2 (L OGNt 420 14 [ 52 L4 8424 21804 . 15 ,_
- 3 S % LR amise = . = ——
I O { "t (13 82 1 9 0 s43 °4%4 2900 ey o
: % } .u.:.! 9 842 °¢°4 2%enva alv o '
_ "% ' au..:u.'a TTTTT O T T T T e ey
- " 11 Wnig0  of (1 ¥ 842 21enwe S50
! - B v AAEB N N ..2:2....!8!1!&: AL W8 .3-:-:
. o ! 9-.«- %
- = ‘ et e L R .-u_._-.u,_l LY 430 Sinlog Awing
_ o (Seu) @vn 3InII 438 I1WenAS '&l
d .
— - e et 5. i : B 54 sl
= -t
o . ‘ :
e N 2 vy SE°08°¢1 *28/00/44 80090 Ni4 vl 1eden  we/st clevi wolddnng




3

; 060 0084t wiond) nowned e3tdevd w3
wif g HiONET WY yO0Ed
z il S tagis q.,‘ « 7 : A‘“‘g
S LT a1 ;-... 000 tog1)  0dA 044
togt——tex gy T 3Ry €2) — 209
(2) 4Wwd 09 . o098 die -use « tog) 4bd Bi0
- (99 19 ‘998’ .499) 14 00 4008) 43vdR O (1YY 3var
: NN INVN BVEQ o .38..1. T HAONEY - 9.831
s 9439 ind : s - e t1¢ e
B T S | SR [ T 018
845y 1n3 117 ” 12 ne 002 of
s . eitiudeoss  wiSNS)  Olewowd___ Rdewi  12evi_seee]
» T} (VYR
R TR R A T |1 02 ..L
e ss 38 ON M4 112 g2
" &0 nd "z o
€ 1) ind 02 ot
R S e TR () e ST e g9
o8 I " 202 092
’ " ” oz o
e e g IO AN ......31
1’ FTITS o0t
i e3n3u34%8 LY dde (37 12 ...!.::
Ve $5°08°C1 32200280 . SR009°0 NA4 Vel 10040 Fleve wolidwng

. wt




!
O .
Q.
e m Q28N ud 90002¢
h o F/ e ¥ L - 3 (103 09148 HASN3T NOWnO) G213eVY M
3! of "2 HAONZT WYy
O m 8311814vie
o o WO YOWT 068 teayy ~ wA oL T T i i
o &3 (033) 14X 059 (2) our ov9 (2) 19 99
- (3)  4ud oe9 (99) 419 oSS (99) did 2»
<= 1{1}) 10 9 C90) T R 00E T T T T T Ce0S) A3V 0 T T T 06k v
(04 Ww : (HABNA) IMyN SVIE = SUIGHIN HiSNIT  $¥J078 wONOD
m R P “HIVienl o e L L {
o «@ m SIAVII0Nd  HINIT  OLl=wON4 x3ang Tagv1 84001
172]
% o il R e % 11 ARLIWNE s 0
o = . L 1) " s 0
~ = m iy o Loa s SN NIV 4B SOV AndudiVLS _
o o v 8420 1vax  Avewy wa ter 2001
| ] . ® 043 AIV4X  Avawy wa 1ax 2128
i w [ | |} 7' | Y S T s 13vx  Avawe 2Wnod  ~ LIvex ¢
" O " 843 4Iven Avayy ¥2921nl Joul o128
, |+ v _ 843 13vex  avauv 93921l Tous umn.
) § “OINTIIC IIET 84l TEaedMNE T 1 W
o X, ¢ ’ 8438 AIvax  Avewy 23000 19 950t
N5 i ¥ $424 1IV4%  AvEwy 27900 19 209
[ew 4 T 84 13v4x en0d T Ame 9028 —
o o ¢ > 0438 43v4x  AVENY . 3YeN0d i oL
e L i v 843 1Ivex  Avewy 200 YR
< 'y ’ 438 T LIV T 3108 T A amd 0021
O . nolivIoi3y AL W8 seviava
N e S vy g ~ 2 TRV B T
o } : ; SN ML 420 SAniog AVIND
. Y (Ss4) VW 3IwIn2aTu ITWENAS —
Oo
o* : .
| - e . SO — xll’“- - — —
. ; [T TS "R
o’ T ; 3
T 7T getien)Advgxe(r)ioven 003 - —
o* es1ogel 001 00 o
sl stlove o
ot : 2 g A3V4R°619620i 5 WM0%4L 4044044 NOISIIING 3T8N0C .
. e - T (098 YONEOCORTIBIAS CORTITING (2D ONF AL INNIC L IS & .
uu. (S0 ga00 (50D A% (T0) 290 (S0 A40C068)AIVIR/AIVIR/ NONNOD >
[ R R TR L Tl G 13v4) InTinowens
el - g
@ |
’ ' v $E°06°CH ' *22/00/0L I8009°0 ML dvel Lsddn  wa/52 13v43 niincuens
_. i A




tul -|
G ; i $ 19°510055)4vHn0d 902
r CEUsImBoC)AONiCaIRMMoT)s002 Nt
fa o (9°5302% 99 9°/%9°5)92%0 84 v ¢ 35
____S2igtainnte esuy wizie®av) dauinl NI 93UIN038 °IIV JuoM ©)AVHNO4 $02
A ead ST T e © 904'9yveceg INIud 008
022 01 u9
Mmnanud  Qog
pey 0§ un [{]
80l .» 00LiRvuionIoUYO 1% C (s oui ) ioN)Byyae®eee) ¢
‘ Sanve (RYNEMH)IOUV L 1°C130pE) 3 )8y I0°0001) 40
S . g1sg 202 00
; (5481003010 w.....:..ew 54
. : x99¢1)AVYNN0 ol [ 13
.Squl&.u.!..-:-s...:.e.:o......:!...c:.:o. intug — 9
J (%) diomedasds
Rt (n)didedindd
: e (Neg)002UYENILOHG(NIIION
. (3eNeE)LIVER/aetioNne®E) o Nee(®1=) )BNILON bo
B (Soneg)essuvengl NS (n) dl 4N :
(NeELIvan/sveine®tIeoe(®i=))onglidn
() 19H 4999
(N)2dHednd
TCH)A6MIBUTIORYNASHLCRYNEON) SOV 194 Ciny aon)ouvI) 4Tl ~ -
© (NI AMNIEVIeRYNL ML ENVNSMM)SEVeL9° Lin) 1 am)suvd) It
s (10008 ) 000UV eNANR(N) IDN
; : CooNeL)1IVINZ00 (NS0 (% 1) )BN10N
A : : (Nt )060uVeuL S iN) LN
) g Cneg 10 N/96CN00( 8=) Juni g
; . : e ™ TR R : (Veneg)ousy
(2=%Neg)avey
tolien 002 va

- . : &, R0 TR U o SouxvnioN
. 47 Kb : : SonxVil N

i

rvimc' CABLE

o

T QU
JHED
l
i

Q '_'q_.s' ¢ Q
iy
|

Q
.

: m!ﬁ;mn [S B

Q

| ZROM COPY FURNL

3 3
2T

di
10

K
-
f
{

1
|
H

: : B T —— . St | 1. o | —
o’ ; B E T PAT PO S R S i g0 s e, U Suvioteyy wié tntad )

SR PR A e " . 3 X
L 3 ; % 2 70000800828 781008 Vive

o _ . : Aol St : ¥ b
VERRZ AR S 177

wh SR S o 3amdN0a100404%10%20 ¢
~——S39iJa00T 0 Nt AL MO 19N L e SuY XD VgNUI "
i ’ e ‘
O LS : CE0)A0ond LRI MO LER) LONOED) L o0 NUSONINEO -
o ; ; : o .J..!-..S...t:::..:..-.t....:!.....s.: ¢ 1
4y ‘ e A0Euas00 (EVDALA0 TN A C(E0ILA0L0L1DAIVIR/LIVAR/ WONNOD :
. i "t i J

(o ¥ ; (42M02No0UV I daNNE MNTLINNS ]

9 N

) .
. @

(o) ‘. aeva SE0R°SY R8/00/8i. . 3NV M4 2Ivel 1ekdn  eu/gL  SawEwi welidng

- ———

-

e ——. ¢ AGOG > St ¢ v~ - - B e S ' - — e e o



G P —

Q
Q.
(1} QN 430 " (P} v weion £0$
0 7 QNI | { 2N R 8434 AVEUY T X3W4WUI T dIH 11T
o 11 s2 QIN3 420 ”» 141 843 g1z 1] LLTE I T
41 OIN] 420 111 9430 v ¥sH 108
Gl T g e b L TTTEE T T OMIde T ) 5 ”
o 26 o 15 sge? L] (] 4 Aveay X214409 1%  §19
( 95 aIN14I0 oS 843y % it . W34 udism 208
11 Qantddo b4 L ] L] 8438 Avuyy R31440° dim 19¢
o (] (1 Q3IN1430 o (14 8434 Wi LT 1)
: B (11 0INI430 .n 8434 vy WidH 00§
e $€ T a@INgde T T A
o % [ [ " (1414 ] L] 8434 AViey X3V4w0d 1M $0§
" 0INJ430 9% 0 843 : __ X3VWM0d M E9
® 1 8438 LIV Avaey X3VHUI 419 9%
o L] [ 4 “uu.. AIvdx AVaNY X374W0J 19 209
4 1 ¢ & UINIA3G 692 — 9 B (] ¢ T 84 s T X3V4M0d 9 s
o 59 19 1 s 8434 13vex 2900 LInws 9021
- 154 114 12 ou::ue 2
9963 19 {2 Lt T e T T sdd e TTTORIVEMUI T T 9 1se
o L ] [ 4 8434 4Ivax AVEYY X374%03J dad ofL
9 “uug 13v4x AVHNY X314W0J 14 oS0
O - L1 2 QIng 4320 %9 29 t ) [ ] s434 X374KW03 dd 199
a9 (1] 13  § 843y 49v4x 378000 A lnmud 0028
B = (1} 9%~ (14 O3NI430 — - i & -
o ™ 5 " (1) 111 L1 ] 8434 X3 14403 4 S50
(14 1 0INE 430 ([ 2€ o2 117 - 8334 271800 . o
- ] QINT43G T b d T v - el - st
O% 5~ <9 " of 1% 1£1 12 [ ] 843 %4 X274¥0J ouy o
£ e o 0anN1430 oS 13 02 " 8438 . e _ 3719n00 LD
s o, e X . woliv3013 ok A W es3veve
]
o .m. Feid S b o SENEME 8
IR A " ea g AR -.u..u._-&q...i !.3 2207 8ANI0J AWM
4 1 ]
O LIl A gl (Se¥) 4vM 3In3¥343n 1T0¥
Iy ‘. ' ] ’ LRI ] I '
Co m (3 _ _ 41 ‘ '
/’ 41 7] " I F 1
o. m K 0y o a2 1y L | B b o
it Y PR R i-_:u- oz. T
o MJ s ¥ 3 & 5l (§°0100°%2°¢8 o ' (71 ,
joll=) ! i b 0/700dTNORH0490440994°00Vsy 0)AVNNOY BI2 '
28 s lul!llﬁ tn:.u:.so.sn.o.x.-.c.n.:n INTgd “ 082 — aT AL |
(o ] - v 1 (IHIBEVIBIRH v ¢! * AN @ny
38, P (M) SevIe2H .
o8 BT o : ¥ oF ¥ n—eo-\at..?so..-......-aiuoso-u.... L L RS
o P W e . 13 b :-o-\:..ul-:.....:.t..uoo-u.. fras
3 i 15 1. 4904 W98 dd
= Ndsd "= Db I R R Sk ddsLIMdedg YIT0T I A0
' @ m ; ; A 384 IM3e9 - TRERAY,
- " $ rd sy .3 " "
e B _ e 5 FIRTY sss 01 U3~
. y i ‘ (1 rey 1 i EL ) (] EI I B TR A LR
evl mw p 3 v __ 1 AR — 1Ay (N thot
2 (m ) n- €, URAE AR
'O BEe v SE°UE St ‘2/00rit L aENe9ey, ..: -4 T 20veL IsMdn  wa/St J2HENT WOBAINNY .
% | 5 | 1% | 1 RN siv

-

"y 1% 1 L




\

ammene - Qoo — ———-o

S8V09°0 NA4

00  wetal [TELTA .......3 0212evy ud
\ 919 {11113 AN
2 It
y— e 1 (o™ T ) 028) SaA-0LL e i
3 ] o ofe @) 0P o¥9 ©CR) A WMe 9ve
= t98) 419 oS8 (os) did 2y
- ) et (1 TO0E) AIVAX 0 %66 Ivax ,
Q4 CHEONZY) 2N SVEE = ‘SHIONIM HASHIY  8¥308 NOMNO) |
2]
e sm SRS i ERESECE . Bdtet . waseeesiesans ¥ sy
: bl ‘883%3 8424 1% ; os? 17 : 1 e ~.~
‘ ___ 843% %3 < eEe . Wy Ne 002 ot .-
o : O304WIEJ T wioNTY -....e.ullq-uo..- TMEVY 8400
w
ﬁ.m AP A s " sb 098
: i e 2 Rt - 2R 128
_ < (34 8424 on p... 1ne ey
. o "% s bud 02 oy .
N " Ry 'Y el 1 S 1 | S
o 13 o2 o2
S IR #9 " 13 292 W2
o 3 iy 't} B | ] T 00z ¢
[ 8420 on  And el ...
IT] TLIVNE a8t
T aaoNuIAN T TINEY 43 : s12e71 ::..-:.
o s - ; X 89 3 NBuinE 8 R3Vwod xWmd
i -o.- vk | S L (T ] N N L e
) y : .8..-.!8 !: ..8 Son? 24AL  nOLAdwnd ImIWI
iy N —SEeT e —ABVNIYT 8 T WaE ——Sevd e
¥ ; 230382430 08V  24Ad SIvnuaind
mmecenl oeecaass | inady £ 711 e e i - ANOANG - - -
£ R 0% sduvn 34
; 9420 T AIVERTT T AVEMY T u.xll. B [ S | s
‘ : , g ] V4R AVENY fax 208N
) . ¢ 28 ot (1] g 84 43ver  Avewy ......o. Ivex 0
: SO 1 o |17 e v o438 — R e == 38— Siwed - QI
: : $i3 LR Y onidde 50
12 10 R L S, | | R L It oo ste2
N 1417 ¢ ST 1115 T &2 ” 8438 " ~——22031N8 B B ¢ | S s
. ' 8430 13vex  Avesv  9392int e o128
113 1] oMl dde #390IN0  S2u2Hl 080
. - g ™ 8438 — - AIVER - AVENY —'8293INE oul  eUst
o W . OINI4N  9Sef’ el 8438 sa92int 1 ees
IT) v emiede 2 ®42u °4%s 2700 o 0
» 1 aMIAN— 2 840 g T2 M0
(13 CT17 7 It ) 2459 23Vaw03 "M 2%
#011930738 AL W9 s1veviuva!
[ 20vd E8°68°S1 *28/00/14. 2val 1shd0  aa/tt 42ndntl wolidwng

e ———— .~ ———— . o o 7 o o

e e e - ———— —————— - —— ——

—

PRp—




wenidu
Senseneh

— 666 0L 09
(2004A200884°1) o5 Vo (EO01AD00084° ) SN IaX

- : dABSEV"HAISN/INX
(d0080C0008/000V)24007)/(000¢(0008/0007)=00V)aNA

173

UL OBCTISIN® (J0000d000V40009°000V°0008=)rsuvi) it
046 0L 08CI°IN®CJ0000400Y*000°0072008=)r10V]) I

0L6 01 OS(1°IN®(J2H42H028)d2H2H1) 4T
200Evde((°E/14e°20°0)XVdNI) dn3I00082028

SE°05°St *23/00/L4 t 122 A

29v¢
b= A S L B AT

EVICIIONIONSUNNX NINEBEIINd I IWNUO
“d0008°d000V 00000000V 4000°0400V NISIIINd 3TWN00
000°00V0008°008°HAD AT ITH2H NUIRTIIING 3 TWNOQ
a28 %314M0)

£

NONX®$30 40011005V 1400008°U284008) JUNST NNILINNY

"e/st

1Y vyl 1sl4n

206412002848 Vd>T36NAD0000=EV 2% I8NIAR -

€°5/°1)6¢13¢400750400830008 -
B . dEHITHSAAY

. O % aqintde _ e L R ]| 279000 NIOX @
s v (TP ] R 7 1 ¢ —t | YT} R TR
n [ (T TP "I Y # 8438 °d°4 3wnoa oses o
' aan1d30
B0 L e 4 S | sty Pt Jeeent | *d®4 - 3%noa s ¢
' giNIdse 6 si3u ¢4 i i< o
' (2 LI0T I 1) " il ° 84324 a4 219n00 e 0
o 12 8 OINIJIE T T w3edand T Tanst Y
1 o ¥ 430 3%enua an ee2
" o4 ’ 8434 219n00 208
" QINTJA0 98 T e Ty — s4W TTTTTTT 298000 T gAY 96
st aantdza et " ’ 843y 218n00 HAD 092
' oiNtdza 21 843 4y iy 400ig o
It 1 T |t 1 e 43 “ed4 = 300 " $3°0"
" s 9424 29900 400y
ste2 v % $43y 318100 000q
g i et | Seeoan Bl N T 23000 T @06
s £1 v 843y 39900 o0y
v s 843y 29000 4000V
sle2 " s " 843 T
s £ s 843y 379000 e00y
s £ ¥ 42y Pyt oov
e s i e U NOBAVI0TIN T 3dAL NET S3vaviwv
- : 2 ' st s
5 T SaONIWAIT T INET 420 T SANIOG AWK
o ....um o S . tgma) avM ‘3038343 3110unAS
-

o183 noBAdwng

A




s B! ST est et " AN Wvysens
s s 3T _ 4 _a 0355854V40
. (] (] . 1]
" ] ». «- o o)
; g oM ie3438 —MEV 4 T8V}
& wleant 8 R3Vwod 2lmd |
“—THIMINIIIMEV AN TeSWV— 34AL —moliund Int
L . #9 §  #a9dinl  sdwant
o g 8 9N —  erleve -
s & Asvaetl §  x3Vewod mad)
: s : Imawdede Souv__ adAk Shelind
1 L] qngee ¢ ‘438 9% 200 wng o
: : bt noliv30T9 AL N9 S3veviava

: SEe08°8t ‘22/00/88 009°0 N44 JoveL 1800 WU/SL 1enst wolidwng

- — e




S PAGE IS

(00U V44001500 1T 1N 1NIEI40V4E INEANONENS

SE°08°S8 *22/00/44 FC049°0 Nig IVl Islan  wa/ftL

10%L Wiincvene

L 1] (7] Y] " 1] ' 0424 v osna S9!
T T R T US43 T MIV4R CAVEMY T W3IM T tdx 1y T —
o (3 oantdde €2 o 1 8434 Ivas osux 291
1 Y 10T I 1) 43y *9°4 v miw 0
........ ‘ Ry L T T sd T AIV4R  AVNNY T 3Wn00 ey ¢
o t aanldae T 8434 9% W3 003V ¢
3 LS L LR o T «nu- . Aovex  Avewv _ w3%awl __ owr 028 |
o 4 $) omlge €2 ol st £ 8438 1Iv4x  Avasy CEEFITL Toul st
’ ol  S2 9434 *°¢°4 #3921l I T
s - L TS T 8438 T AIV4X T AVEEY T 3Wn08 T 429 eS0T
Q. ¢ 4 | k1] 1V 4% Avayv 3o 19 T
e i ol £ 0434 2Ivax 2 wnwa Lme o028
i ' 8434 13v4x Avayy s M d1d oL T
o n 't 8434 1IV4x  Avauy 270100 14 oge
It £ 8434 13V4x 319100 Linud  ee2s
] aIni4d0 41 T sidm °9°3 - Wid  00Ma 6
Q+ wokivioiay 3das w8 seviava
TR e S e g —30%1 @ .|L
Q_ TI3InAg3430 MLT 430 Sini0g ANIN]
5 e T e (Seu) 4VM 2Iw3¥34dy ITVoeuAs
Q, .
- | - — — .||I|l
oA X
-~
i) i o - —=rl
O mI nonily 0000
E - B — T (e WONT TV
O (0o ANITO8dAS sdx) IANNID TIVI st
(°20%920°10%00) dvye 117)
~20SNAISSNRO0 IONE )IVESIM TIVY —  — — —
o) tugni§°94%e & V/4e)iviN0d I£)
#0015V 4CIONI S 15 30004) 3003
— $2°=9BUARIBHA - L. 4
o* COBNALASHX 901 ¢ INN] )IVESIN 11V)
i : (osuti®9d%e 8  Qu)ivuaus 128
| - e J0013GCIONE* 8219008 ) 3003 o)
o* S2°=98uASIEHA
o COBMASIBHX 40004 WN] )9VSSIN 1IVI 11
— 1 — T tugut1094%e 8 $V1u)iveNOS ~ITT
o’ m IXTIMCWOHIS1154001)300IN3
o S2°=98uAnasunA
=3 3 LT ——
ot - *{=a8ux "
me (°00°2 140001 0us 18 v o
o WAL (11 w001 %ugu)3NLL 1V
o' m AUMOO A UMA0GE0040404001 4023V wniRTIIng WG .
n
il m it 8
&u. m €003 I0M30C028)04A0CORIITJR(2) WONHPOLINIMSO L W ¢
nJ 0(SV24100 (S0)dh 40 () 290(S0) 144 (051)2IV4X/1IVIR/ NOWNOD — o .*
ol 3
N
_. ' )




S

¢ e e —?'1
PRAQTICANLE |

¢

ALI
0

8

o &%
i .. l.wwm‘ . ~. = =—s
o =3
ho
o . F 3
; - 2
o d 39
o . - :
o._ & . ‘
e - -
_ 060 9941 MASnI) nowme) eZidevy w3
ot st
o e A i ..“... Jous oon ..u: tea out
WY tax ey TR R :
o GE) Awwd oey (99)  4io 986 (99) .44 Uy
_ z A 99) 34 098 (005) 43V4R ¢ ™
& . T IR e SVIS © sademin —— NiSwh 30

o8 31131

gl gl —tud—— 158
: .. nd IR
PN VN bad 18 00
s .8..-..28 IS P R AW T A/
# ] . N
K] B (] 7 —
82 » WY 8
*2 ' Yoo
. @ - P — 1
; 825u282420 998V  24A) slywedind
9% ~—9838 - IVAR T AVEEY T WIS 14AT 20T
Y N emisde
‘ noiivIeisy - 34AL WO sevieva
. 29vel 1eAe0  SA/SL




Nid o2/50/9%
Nid 62/50/9¢

T NLd eR/S0/9L

Nid 62/80/9¢L

T NLY 62/50/9¢
NLd o2/750/9%
Nid o2/50/9

S8VdnUI 62/50/9L

Nid e2/50/9¢
Nid e2/50/9¢
Nid e2/%0/9¢
Nid 6275079

Nid o2/50/9¢
Nid o2/50/9¢
Nid o2/50/9¢
Nid e8/50/9¢
NLd o2/50/9¢

Nid 8R/80/04
nid 92/00/L4
Nid S2/00/LL

18440 5 X999 010 §°
19440 1 n99e oty S0
1 Jeid0 1 X999 01V $°
foid0 I R999 T W10 §°0
= 18440 1 X999 010 §°
o 18440 1 X99e — olv S°0
2 g pame o e
[ ] 999 [
k-1 ; et o N
38 ote=2 °s
= 184 g0 1 X999 _ 01v §°v
Qm 19140 I X999 T 050 S°0
&= ts140 1 X999  0iv S°F
m..w 1840 1 X999 010 S°V
) 18140 1 X999  elv §°0
= 1s1d0 _ § X999  0I» §°V
Aw 18140 1 X999  ole $°0
o~ 1slgu I X999 08y §°0
K] _tsld0 [ X999 elv §°
+ 8 m
- %
-~
N T S secienn
e\
mrx
e e e g 19440 3 X999 01 $°0
18440 1 X999 20 9%
$s440 1 X999 g2y 9
18140 T X909 920 9°0

TTNLd SB/00/LL

33vel 1sig¢0aniinoyens 1 X999 sV 9% NLd 22/00/LL
23v8l 181¢0 NOLLINNJ 1 X999 260 9% Nid B2/00/L8
TT3IVML Tsid0 NOILINNS T T X999 260 9°0 T Nag 22/00/LL
29v¥4 1si403niinouens 1 X999 250 9% Nid 22/60/L8
3381 18140 NOLLINNS 1 X999 250 9% Nid 22760748
VL. 18id0 ~ WYyOOUd I X909 — 260 9°0 —  ni4 22/60/L14
SININMOT  JUYRGEVM TIATT UZA ¥ESI0u4 34v0

o

V¢

L v I ({171 nsec}
[} 174718 7i8Me8/
vi4e8io=n 108 se2 Tenes!l
vi4e8i0=Tn 93 s02i! %01
vi4ssia=Mn g€1 - 26047 — ~ e