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ABSTRACT

This thesis investigates the effects of atmospheric
refraction on military ground-force tactical systems which
utilize EM energy propagating through the troposphere.
Anomalous propagation, mirages, and atmospheric turbulence
are the three major atmospheric refractive conditions
discussed. EM energy from visible light to VHF radio is
considered.

The refractive characteristics of the atmosphere and the
conditions that lead to significant refractive effects are
reviewed. The means of predicting atmospheric refraction
and the usefulness of such predictions, along with the
probability of occurrence of atmospheric refraction is
also discussed.

Specific examples of atmospheric refractive effects are
provided in two forms: computer simulations and qualitative
studies. A scenario is simulated showing the wide range
of atmospheric refractive effects a typical ground force
might anticipate in a desert environment. Finally, the

thesis provides conclusions and recommendations for further

studies“
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I. INTRODUCTION

In order to enhance and extend surveillance and

communications capabilities, modern ground warfare has

become increasingly dependent on the entire electromagnetic

(EM) spectrum. Uses of electromagnetic energy include

airborne and ground target detection, weapons system
tracking and guidance, command and control, and electronic
warfare. Utilization of this energy requires an under-
standing of the phenomena that affect the propagation of
EM waves as they travel through the atmosphere. After
nearly 50 years of study, it is now widely accepted that
w dispersion, extinction, refraction, reflection, and
diffraction all affect EM propagation significantly.
Dispersion, extinction, and refraction are properties of
the atmosphere, while reflection and diffraction are
properties both of the atmosphere and of the terrain of
the earth's surface. For radio/radar frequency (RF) and
electro-optical (EO) systems, the physical factors listed
impact on system performance above and beyond the more
obvious effects of precipitation, wind, and temperature

extremes.
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The primary region of Army interest is the troposphere-
i; o the lower 10 to 20 kilometers of the atmosphere.1 Within

G the troposphere, the main factor affecting RF propagation is
refraction. EO.propagation, while greatly affected by
aerosols and absorption in the troposphere, is also affected
by atmospheric refraction. Thus, in order to best employ
his assets, it is important that the ground forces comma ‘er

be able to forecast and predict refractive conditions tt

degrade or enhance RT and EO system performance.

LA

;l It is the purpose of this thesis to examine the effe
of atmospheric refraction on ground forces' tactical systems.

N Specifically, it will address the environmental conditions
leading to the three major forms of atmospheric refraction

‘7 (anomalous propagation, mirage formation, and atmospheric
. turbulence), and discuss their effects on EM waves
propagating through the atmosphere, It will also address
prediction and probability of occurrence of these three
forms of refraction and it will end with a discussion of
their effects on existing ground systems, (either throughk
simulation or by presenting empirical test results).
Recommendaticns and direction for future research directions

will be found in the conclusion aof the thesis.

1 The specific height of the troposphere is a function of
location and atmospheric conditions, on the average it is
the thickest at the equator and narrowest at the poles.
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II. ATMOSPHERIC REFRACTIVE EFFECTS

In this section the basic theory of EM propagation will

be introduced. Since the purpose of this thesis is to
describe the effects of atmospheric refraction on ground

forces, this discussion will be limited to the troposphere.

A. EM WAVE PROPAGATION IN THE ATMOSPHERE

l. Wavelength Dependence of EM Propagation Effects

The electromagnetic wavelengths of interest to U. S.
ground forces extend from those only micrometers (10-6 meters)
in length to those several tens of meters long. This
encompasses the full spectrum, from HF to visible - an
EM region which is described in Figure 1,

Electromagnetic waves travel in 3 straight line in
free space (vacuum), but in the atmosphere they are bent by
several forces., The specific atmospheric effect and layer
of the atmosphere that dominate in causing this bending

depend on the propagating frequency. At wavelengths longer

than very high frequency (VHF), approximately 30 MHz, the
ionosphere is the primary influence. Since this thesis 1is

concerned with the lower atmosphere, HF frequencies will,

- therefore, not be specifically addressed. Above 30 MHz,
refraction in the troposphere is the controlling influence,
'.u - and it will be these frequencies, from VHF to visible, that

this thesis will address.
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There is also a relationship between regions of the

EM spectrum and the forms of r- “raction dominant in each
region. The dominant effects at microwave frequencies are
long range changes in refraction. At optical frequencies,
absorption and small-scale refractive changes, in the form
of mirage formations and atmospheric turbulence, are the
dominant effects. In the millimeter wave (MMW) region the
atmosphere is largely opaque due to molecular absorption by
carbon dioxide and water molecules, except for a few regions
(or "windows") of higher transmittance. Although little
used until recently, much current research is focused on
expanding the use of this region and in understanding the
effects of atmospheric refraction on MMW propagation.

2. Index of Refraction (n)

Electromagnetic waves travel through matter via
absorption and re-emission of electromagnetic energy by the
atomic and molecular constituents of the medium. Thus, the
speed at which these waves travel is affected by the density
of the medium - the denser the medium, the slower the speed
of EM propagation through it.

The "index of refraction (n)" is the ratio of the
speed of electromagnetic waves in free space to their speed

in the medium. Thus,

n=c/v, (2.1)

13
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Ry where c is the speed in vacuum (speed of light) and v is the
speed in the medium. We note that v is dependent on the
constituents of the medium - in this case, the atmosphere.

Note also that n = 1 in vacuum, and, therefore, n is greater

than or equal to 1 for all media. For air,

nAIR = 1,0003

In the troposphere, Ny TR is a function of temperature (T),
water vapor content (e), and pressure (P), all of which are
related to the density of the atmosphere and all of which
vary systematically with climate and elevation. In general,
the index increases with increasing density.

3. Snell's Law

‘1?! The deflection of an electromagnetic wave across a
discontinuity or boundary separating regions of differing
values of refractive index is shown in Figure 2, and is

described by Snell's law:
Sin el/Sln 8, = n2/nl

Note in Figure 2 that the ray is bending (retarded) towards
the higher n value, so that refractive bending is toward
media of higher density.

Since the density of air generally decreases with
altitude, the value of n will similarly decrease. Thus, in
a "standard atmosphere" (a term used to describe average

meteorological conditions), EM waves do not travel in a
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straight line but bend slightly downward towards the earth's
surface, the region of higher n. A list of the factors
which, according to the National Oceanic and Atmospheric
Administration (NOAA) [Ref. 1: p. 20], constitute "standard"
conditions is provided in Table 1, while Figure 3 is a
graphic illustration of the effect of index of refraction
variation, with altitude, on EM propagation. When
discussing changes of the index of refraction in the
atmosphere, it is important to realize that there are no
abrupt boundaries, as is implied in Figure 3. Changes in n
generally occur over relatively large distances, when
compared to the wavelengths affected. It is these gradual
changes that create the smooth bending effect shown in
Figure 4%, as opposed to the sharp angles shown in Figures 2
and 3. Figure 4 also shows another of the effects of
refraction in the troposphere, i.e., extension of the
horizon. In essence, an EM ray directed above the geometric
horizon is refracted and bent slightly around the surface of
the earth, striking the surface at a distance greater than
the geometric horizon. TFor example, J. Lake [Ref. 2: p. 22]
states that, for microwave rays propagating in a standard
atmosphere, the horizon is extended beyond the geometric
horizon by approximately 30%.

Should the decrease in n, with altitude, be
sufficiently great, a non-standard atmosphere will exist,

where EM rays will bend downward more strongly than in a

15
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Figure 2. Snell's Law.

TABLE 1
METEOROLOGICAL CONDITIONS FOR THE STANDARD ATMOSPHERE

At altitude z 0 (sea level)

Pressure(P) 1013.25 mb

Temperature (T) = 15°C (288.15K)
Acceleration (g) = 9.8 m/s2

Density (p) = 1.225 Kg/m3

Ty T

4 4
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Direct Path

Refracted Ray
Path

Surface of Earth

Figure 3. Path of microwave through the troposphere.
The radar transmitter is located on the
earth's surface and transmitting along path
A. The atmosphere is assumed to consist of
concentric shells each with a constant
refractive index.

Refracted Ray Path

Direct Path

, Figure 4. Extension of the radar horizon in the
o presence of refraction. Ais the radar hori-
o zon in the absence of refraction (the
‘ geometric horizon) and B is the radar
horizon in the presence of refraction.

I
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standard atmosphere. This can lead to the most dramatic
form of atmospheric refraction, called "trapping", where a
horizontally launched ray is bent sufficiently so that it
remains parallel to the earth's surface, extending the
horizon to great distances. If we consider the atmosphere
to consist of layers of varying refractive index, n, there
is a critical angle of incidence needed to refract an EM
wave completely back from a layer of lower n value to a
layer of higher n value. At all angles of incidence smaller
than the critical angle, EM rays are "trapped" by the layer
of higher n. TFor all angles larger than the critical angle,
the rays will be bent, but not so sufficiently as to be
trapped. Thus, a region just above the trapped rays is
formed, where fewer EM rays exist than if standard atmos-

pheric conditions prevailed. This regibn is referred to

as the radio or radar hole, the basic concept of which is

I

shown in Figure 5. According to John Beach [Ref. 3: p. 82],

Tl

the use of the word "hole" is not entirely accurate, since,

v

T Ty,
N

,_
. [ .
o] et bt

3

under normal circumstances, there is no distinct critical
angle, and leakage of EM energy into this region can occur
by means other than direct propagation of the signal. There

is, however, significantly less energy present in these

NERE > SR IR
» . RN S
[P T

radar/radio holes than would be present if no variation in n
existed.
The critical angle for trapping, 8.5 as derived from
‘ s N Snell's law, is that angle, 8, which causes 62=90. Thus,

18

B T . S - - N
. . . . P - e . N
L asm 2 e ot k. b IPNLIPEC W U D YR UL W YR Y S P Y D T S S




Trapping
Layer

Figure 5. Radar/Radio Hole.
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(2.3)

Since n only varies from about 1.00025 to 1.004 in the
troposphere,,nz/nl = .9998 and 6, * 89°. Hence, as shown in
Figure 6, EM rays must be almost parallel to the layer in
order to be trapped.

The index of refraction of the atmosphere does not
always decrease with altitude. Should n increase with
altitude, EM rays will be bent upward instead of downward.
More will be said about this latter case, in discussions on

subrefraction.

B. REFRACTIVITY

1. Refractivity (N)

The tropospheric index of refraction, n, is a
characteristic of lower atmospheric properties. Specifically,
at radio and microwave frequencies, n is a function of
temperature, humidity, and pressure, and is related to these

parameters by:

(n-1)x10° = (77.6/T - 5.6 e/T + 3.75x10° e/T%) = N,

(2.4)
where P is the barometric pressure in millibars, e is the

partial pressure of water vapor in millibars, T is the
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absolute temperature in Kelvin, and N is the refractivity,
a parameter defined for the sake of convenience.

The second term in Equation 2.4 is often neglected,
since its contribution to the calculation is very small
compared with that of the other two terms, and the
coefficient on the third term is usually modified so that

the actual equation is generally:

N = (77.6 P/T + 3.73x10° e/T2) (2.4A)

Beach [Ref. 3: p. 75] states that since the value of
n at the earth's surface is usually between 1.00025 and
1.0004, the value of N generally lies between 250 and u400.

At optical frequencies the calculation of refrac-
tivity is modified to reflect the fact that water vapor has

a negligible effect. Thus, for optical frequencies:

N = 77.6P/T (2.5)

The significance of refractivity is not in the

individual value of N for a given altitude, but, rather, in

e
V.

s

s the gradient of N, (dN/dZ), where Z is height. This is due

¥y oo

e

to the fact that the electromagnetic wave path curvature
depends, inversely, on the gradient of N. For microwave
frequencies and a standard atmosphere, N decreases at a
. . 2
‘_- e = fairly steady rate of approximately u4x10" N per meter of
o 22
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altitude. It is this characteristic that makes it convenient,
in computations involving a standard atmosphere, to replace
the actual earth's radius with a 4/3 earth radius. Using

this geometry EM waves can be shown to propagate in straight
lines rather than in curved or refracted lines, as shown in
Figure 7. The value of using the 4/3 earth radius lies in its
simplification of distance computations above the earth's
surface, and in ray tracing. This geometry has been widely
used in the modeling of radio communication and radar propa-
gation. However, it must be remembered that the u4/3 earth
representation is only an approximation of conditions that
vary with meteorological conditions. The actual value may
vary from 6/5 to 4/3 earth radius.

A vertical refractivity gradient causes EM rays to

be bent with a radius of curvature given by:

-

LA

N}

(OF
s

% r =-10°/(aN/d2), (2.6)
e

X

;ﬁ where the curvature is in a vertical plane.

:i Horizontal N gradients are normally not significant
Ei in EM propagation and are, therefore, usually assumed to be
. zero. In some circumstances, however, bodies of water either
Eé partially or completely surrounded by land may create

:3 horizontal N gradients which will have some effect on EM

;i transmissions through the atmosphere above the

; - land-water boundary region.

.
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Earth radius

Figure 7a. Bending of antenna beam due to refraction
by the troposphere,

4/3 Earth radius

Figure 7b. Shape of antenna beam in 4/3 earth
representation.
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2. Anomalous Propagation, Mirage, & Optical Turbulence

Refractivity effects are not the same across the EM
spectrum. As previously shown, the calculation of N for the
radio and radar portion of the spectrum is different than
that for the optical portion (where the effect of humidity
is ignored). Since the amount of bending is a function of
the gradient of N, it is to be expected that the amount of
bending is different for optical and microwave rays. This
can be seen in Figure 8., Note the difference in the bending
of the optical grazing ray and the radio grazing ray
vis-a-vis each other and the geometric horizon.

Regions of strong refractivity gradients that are
much larger in size than EM wavelengths cause anomalous
propagation. Smaller scale regions with large N gradients
also exist, in the form of mirages and atmospheric turbu-
lence. Certain forms of atmospheric refraction, when
located within the first several meters of the surface of
the earth, and resulting from rapid changes in the
temperature, can lead to mirage conditions which have a

significant effect on optical transmission. Mirage

formation is a form of anomalous propagation, but, for the

sake of simplicity, the two will be discussed separately.

V.
V-
L .
Ve
L.
la.
e
-

They are best differentiated by relative size. Turbulence
N in the atmosphere creates fluctuations in the air index of
- refrac“ion, resulting from inhomogeneities that vary in size
h Ry N from those of almost microscopic dimensions to those
s 25
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Geometric
(straight) ray

Source Grazing ray

(optical)

Grazing ray
(radio)

A Geometric horizon
B Optical horizon

C Radio horizon

Figure 8. Comparison of effect of refraction on
optical ray and radio ray.
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= , hundreds of meters in diameter. The wavelengths in the IR
and visible range are most affected by turbulence, due to
the small size of the refractive inhomogeneities relative to

the wavelengths of radio and radar signals. Each of these

three conditions will be individually addressed in the
following sections, beginning with a discussion on anomalous

propagation.

C. ANOMALOUS PROPAGATION

Anomalous propagation is a misnomer, referring to any
propagation other than that in a standard atmosphere.
Anomalous propagation is generally considered to be divided
into three forms: superrefractive, subrefractive, and
ducting. Although the name implies rare or infrequent, the
refractive conditions listed above are far from infrequent.
C. G. Purves [Ref. 4: pp. 13-14] states that in parts of the
world, and during certain seasons ducting or trapping occurs
more than 75% of the time. Although the frequency of
occurrence of various propagating conditions will be

addressed in more detail, let it suffice to say that

anomalous propagation is far from uncommon.
- Another point to address is the fact that superrefrac-

tion, subrefraction, and ducting occur on a macroscopic

scale. They are characteristic of relatively large

seasonal and/or atmospheric conditions, some of which will
. be discussed at the end of this section. This characteristic
1 L

roughly separates anomalous propagation from the conditions

leading to mirages.
(- 27
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1. Superrefraction, Subrefraction, and Ducting Defined

Equation 2.4 shows that if water vapor pressure
decreases rapidly with height or if the temperature increases
with height, N will decrease with height at a more rapid rate
than under standard atmospheric conditions. Thus, the value
of dN/dZ becomes more negative. TFor small gradients a
superrefractive condition exists, while when EM rays are
curved parallel to the earth's surface trapping occurs and
the phenomenon of ducting exists. Should the index of
refraction increase, instead of decrease with altitude, a
subrefractive condition exists. The meteorological conditions
leading to these forms of anomalous propagation will be
discussed in detail in Section II.C.4. of the thesis.

Superrefraction implies a gradient greater than that
for a standard atmosphere, but not strong enough to form a
duct. EM waves propagating in this region will be bent

downward more than in normal (standard atmosphere) conditions

but not sufficiently for trapping to occur. Superrefractive

; conditions will result in propagation distances beyond

;i those expected in a standard atmosphere.

é Trapping, or ducting, occurs when dn/dZ is less than
Ei or equal to =-157. Signals traveling in a duct propagate in
Ei a manner similar to propagation in a "leaky" waveguide.

: Ducting is categorized into three subgroups: evaporative

; ducts, surface ducts, and elevated ducts. Evaporative ducts,
Q‘ . most commonly created by evaporation off of the surface of
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water, are present only to a maximum height of about thirty
meters and can be much thinner. These ducts are present over
the surface of the oceans of the world to some degree most of
the time.

J. Beach [Ref. 3: pp. 78-80] states that surface
ducts, which are usually stronger and generally extend higher
in altitude than evaporative ducts, vary in thickness but are
almost always less than one kilometer and usually are 300
meters or less in thickness. Surface ducts are characterized
by the lower boundary being the earth's surface. Surface
ducts, along with elevated ducts, occur much more frequently
over land than do evaporation ducts.

Beach [Ref. 3: p. 80] in his discussion of elevated
ducts states that elevated ducts begin at altitudes of from
close to zero meters, absolute altitude, to 6 kilometers but
generally no higher than 3 kilometers. The thickness of
these ducts is similar to the surface duct.

When the index of refraction increases with altitude,
a subrefractive layer is created. This type of layer 1is
normally created by heating of the surface and thus exists
in only a thin layer close to the earth's surface as shown
in Figure 9. EM waves entering such a layer from above will
be bent upward, as will rays traveling within the
subrefractive region. Subrefraction is responsible for some

of the more common forms of optical mirage (see Section D).
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Figure 9. Description of Subrefraction. A
subrefractive layer bends EM energy

upward, away from the surface of the
earth.
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2. Means of Describing Refraction

As shown previously, the refractivity, N, is a
parameter that normally decreases with height and is
therefore not very useful in depicting refraction
graphically. Two indices that are more commonly used for
this purpose are B and M units.

B is defined by K. Davidson [Ref. 5: pp. 4-2 to 4-4]

by adding 40 N units per kilometer to all N values
B = N, + 40Z, (2.7)

where N, is the value of refractivity at height Z in
kilometers. Thus, the B gradient is zero for standard
atmospheric conditions.

Davidson goes on to describe the "modified
refractivity"” M, as being defined by adding 157 N units

per kilometer to N, thus
M = Nz + 1572 (2.8)

The M gradient is zero when EM ray curvature equals the
earth's curvature. Since, in a standard atmosphere, M
increases with height, layers in which trapping can occur
will be readily apparent by the negative M gradient. Figure

10 shows the relationship between N, B, and M units.
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Figure 11 shows the Navy Integrated Refractive Effects
Prediction System (IREPS) classification of refractive
conditions. See also Appendix A for more information on
IREPS.

3. Duct Characteristics

Before describing the causes of ducting it is
necessary to explain some of the characteristics of ducts.
To begin, an important distinction must be made between the
trapping layer and the duct. As shown in Figure 12, the
trapping layer is the region where dM/dZ is less than zero.
Consequently the EM rays are bent downward with a curvature
greater than that of the surface of the earth, causing them
to be trapped between the layer and the bottom of the duct.
A duct is the region below the top of the trapping layer
where the EM rays are confined or trapped and includes the
trapping layer itself. The EM rays are trapped because they
are partially confined between the top of the trapping layer
(duct) and the bottom of the duct. The trapping layer is
always at the top of the duct. The duct bottom can be
located on the earth's surface (surface duct), or can be
elevated above the ground (elevated duct).

The top of the duct is where the slope of dM/dZ

changes from negative to positive. At this height M is no

longer decreasing with height but begins to increase in
value, as shown in Figure 13, for surface and elevated ducts.

TSL Y The bottom of the duct is located by dropping a line
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vertically from the location of the top of the duct, in
Figure 13, to the earth's surface (for a surface duct) or
to the intersection with the M curve (for an elevated duct).
The optimum coupling height into the duct is that point where
dM/dZ goes negative. This is the point where a radar/radio
transmitter will achieve the greatest extension of range due
to the trapping effect of the duct. The strength of the
duct is determined by the most negative value that dM/d4dZ
attains and by the thickness of the negative layer. The
more negative the value the stronger the duct. Note in
Figure 12 that a surface duct can be caused by a surface
trapping layer or an elevated trapping layer. The bottom of
the duct is the location where the downward bent EM rays are
turned back upward again. It is apparent from this
discussion that ducts can vary considerably in thickness
and, depending on the slope of the trapping layer, thev can
also vary considerably in intensity (strength of the duct).
As will be described later, not all EM frequencies
are trapped within the duct and only those EM rays entering
the duc* or traveling through the duct at a very shallow
angle will be trapped. Note that for the EM ray to be most
effectively trapped the transmitter must be within the duct
although EM signals can be coupled into the duct and trapped
within it from an antenna located near but outside the duct.
In addition, note that the trapped EM ray is either

refracted back upward after reaching the bottom of an
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elevated duct or reflected upward off the surface, as in the
case of a surface or evaporation duct. In both of these
cases at least part of the energy of the EM ray is lost due
to surface absorption and diffuse scattering (surface and
evaporation ducts) or lost through leakage through the
bottom of the duct (elevated duct). Further, part of the EM
ray 1s lost by leakage through the top of all ducts.

Diffuse scattering and absorption are greater over
land than over water. M. L. Meeks [Ref. 6: pp. 13-26] states
that these two surface characteristics result in the surface
reflection coefficient, the value of which varies as a
function of frequency, angle of incidence of the reflected
ray to the surface, and the terrain surface itself. The
lower the angle of incidence, the smoother the terrain, the
more moist the surface, and the lower the frequency, the
greater the amount of reflection of the EM ray. The
reflection coefficient for water varies from approximately
.85 to .99 and is largely a function of the sea state. The
reflection coefficient over land is much more variable,
ranging from as low as .15 to higher than .9. The
reflective properties of various land surfaces and tvpes of
vegetation are still not completely understood.

The amount of EM energy lost as a signal travels
through a duct is a complicated function of frequency. duct
characteristics, and in the case of surface and evaporation

ducts, the terrain's reflective characteristics. Due to
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these losses and those resulting from atmospheric scattering
and absorption it can be seen that there is a limit to just
how far an EM signal can be propagated in the atmosphere.
It is apparent from this discussion that ducting of signals
is less effective in increasing EM signal range over land
than over water.

As mentioned earlier, not all frequencies are trapped.
It is the thickness of the duct itself that is the determining
characteristic as to which frequencies are trapped. Duct
thickness is therefore used to calculate the lower limit of
those frequencies that are strongly trapped, as shown in the
following formula from Davidson [Ref. 5: pp. 4-151]:

£ = (3.5033 x 1011y4=(3/2)y,

(2.9)
Frequencies below fm are still affected by the duct to a
somewhat lesser extent. Table 2 shows values of fm for
various duct thicknesses.

It is important at this point to reiterate that not
only does the thickness of the duct limit the frequencies
trapped within a duct, but s» too doe, the angle of
incidence of the EM rays entering the t:apping layer. As
mentioned earlier, only EM rays incident at wvery shallow
angles relative to the horizon will be refracted enough to
be trapped. In actuality, angles above 1 degree -from the

earth's horizon are not trapped and, according to Skolnik
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TABLE 2
S MINIMUM TRAPPED FREQUENCY FOR VARIOUS DUCT THICXNESSES

10"
o 3
©_10° |
4
X
N
s
=
= lO2
: o
H
>
3]
]
o
3
o
0
&
Ft lO 1 Y i A
0 200/60 400/120 600/180 800/240 1000/300
Duct Thickness (ft/m)
Minimum Maximum Trapped Radar/Radio Duct Thickness
Trapped Wavelength Band Feet Meters
Frequency
(MHz)
150 2.0 m A (VHE) 587 179
220 1.56 m A (TAC UHF) 453 138
425 70.6 cm B (TAC UHF) 294 83.6
1000 30 cm I3 1686 50.6
3000 10 cm F 80 24,3
5800 5.2 cm G 51 15.6
3600 3.1 cm I 37 11.2
10250 2.9 cm J 35 10.7
30000 1l K 17 5.24

33

e e “ - . . - -
e ] I . . . ) . y y
PO PR W R TV E OV VT VT T A R WA W A PR TU0 Gr I S G G O S P, PERPUS P S SN NP I VT NG W 2




LIS Stk o
L}

r‘
TV

‘ﬁi?""”*
LA - oy '

d

T
LI
.

/]
.

[
LR N

»
)
s, 4,

Y,

' ‘l‘

1 i)
" R
&t
.o P
.
a

s

Smdalfla ona -

W T R—

[Ref. 7: p. 450], refraction is troublesome only at angles
of elevation of § degrees or less from the horizon in most
microwave applications. Figure 5 provides a simplified
example of the effect of angle of incidence on refraction,
trapping, and creation of a radar/radio hole.

4. Causes of Superrefraction, Ducting, & Subrefraction

Superrefractive, subrefractive and ducting conditions
are created by variations in water vapor and/or temperature
in the atmosphere, brought on by a multitude of climatic and
topographic conditions.

Evaporation ducts are created above the surface of
large bodies of water by the rapid decrease in humidity above
the water's surface., The humidity of the air immediately
above the water is at the saturation point, but decreases
quickly with height. Within the first thirty meters, an
ambient level of humidity is reached, dependent on the
climatic conditions prevailing. This rapid decrease in
humidity causes M to decrease with altitude to a point where
M will reach a minimum (the top of the duct) and then
increase with altitude. Meeks [Ref. 6: p. 9] states that
over land a similar situation is created after a rainfall,
when the water evaporates from the ground. Snow, and
particularly melting snow, can also lead to the creation of
an evaporation duct over land. Overland evaporation ducts,
however, are generally of short duration, Evaporation ducts

will also occur over the continental land masses above
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larger bodies of water. For the Navy, the occurrence and
effects of evaporative ducts are very important and largely

.responsible for the development of the IREPS program which

R3]

models the effects of superrefraction and ducting on =M
communications and on surveillance systems.

Superrefractive conditions and surface and elevated
ducts are created by the same climatic conditions. Which
type of propagation condition occurs depends primarily on
where the transition between two differing air masses forms
and on the strength of the resulting refractivity gradient.
Temperature inversions are the primary cause of superrefraction
and ducting. As would be expected, superrefractive conditions
are far more common than ducting.

A temperature inversion is a region of the atmosphere
where there is an increase in temperature with height. As
shown in Equation 2.4, a temperature inversion must be very
strong to cause superrefraction by itself. If, however, a
water vapor gradient is combined with the temperature
inversion, superrefraction and ducting will more easily
result. Thus, it is no surprise to find that superrefraction
and ducting are more common over water (particularly occeans)
than over land.

Ducting is characterized by the upper air being much
warmer and drier than the underlying air. There are several
meteorological conditions that can lead to this situation.

Over land, the most common ducting is caused by radiation of
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heat from the earth's surface on clear calm nights. This
surface cooling creates a temperature inversion and a sharp
decrease in moisture with height which will often lead to a
surface fog in summer. Refractivity gradients are made even
stronger if the ground is moist, a situation most common in
summer and in winter over snow. Meeks [Ref. 6: p. 9]
elaborates on the fact that in desert regions the temperature
inversion created at night can be significant enough, in and
of itself, to create superrefractive conditions and even
ducting. Ducting is therefore most common over land at night,
and will usually weaken or disappear, along with the weakening
and disappearance of the temperature inversion, during the day.
Subsidence, the sinking of air from above, also is a
common cause of ducting. As the air sinks it is warmed by
compression capping the cooler air below and a strong
inversion is formed. If the lower level air has a high
moisture content, a strong humidity gradient will also be
formed. Since subsidence is most often associated with high
pressure areas, this type of ducting is generally a fair
weather phenomena, characterized by light winds, and clear
or low stratus skies. The presence of fair weather low
stratus clouds that show a marked discontinuity at the top
of the cloud mass will often indicate the presence of an
inversion and a good possibility that superrefraction or
ducting is present. Figure 14 shows temperature inversions

created by radiation of heat and by subsidence.
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In temperate regions in the low and middle latitudes,
ducting occurs most often in summer and does not usually
occur during bad weather. Storms are characterized by the
lower atmosphere being mixed by precipitation and winds,
resulting in a more homogenous atmosphere. In arid regions
humidity will have a lesser impact on the formation of
anomalous propagation conditions but in temperate regions
the air temperature may be high enough, particularly in
summer, for the water vapor component of the atmosphere to
be important. Seasonal variations in refractive conditions
are strongest over large land masses and generally weakest

over large bodies of water (oceans).

As described earlier, ducts over land generally are

Vﬁ?’ weakest or break up entirely during the warmest part of the

day. This diurnal characteristic of the land2 does not,

A e
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however, occur significantly over large bodies of water.

o
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W. Thompson [Ref. 8: p. 3] additionally notes that in

temperate regions, diurnal variations are more pronounced
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during summer months and less so in the winter. C. Samson

[Ref. 9: p. 6] states that due to the rapidly changing
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thermal structure of the air near the earth's surface at
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2 The changes in the thermal structure are due to the

v effects on the atmosphere of the heating and cooling of the
1 "EEPT A earth's surface.
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sunset and sunrise, the most extreme changes in refractivity
will occur at these times.

Skolnik [Ref. 7: p. 4521 states that the main
exception to the fair weather rule for ducting is the
creation of ground ducts by thunderstorm downdrafts. These
will usually last on the order of 1 hour or less and are
small in spatial extent.

Coastal regions develop their own unique ducting

conditions. As described in Davidson's notes [Ref. 5:

PP. 7-30 to 7-31] the presence of ducting in coastal regions
ki and straits is quite common and is due to the jutaposition of
0 marine and continental air masses at the surface. Offshore

flow of warm dry air would lead to warm, dry, continental

air overlying the cooler and more moist marine air. Offshore
flow can be causedby: 1) local land to sea breezes induced
by the differential heating of land and water areas and
sea-breeze recirculation, and by 2) larger scale circulations
in which an offshore flow occurs with a semi-stationary high
pressure area located over land. Figure 15 shows both of
these conditions.

In the latter situation, extremely strong ducts can
be formed, some of which will extend well inland from the

coast. The Santa Ana winds and monsocon circulations are

characteristic of this type of offshore flow.
Subrefraction is the rarest of the anomalous

] N propagation categories. The only regions where n increases
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- . Figure 15a. TIllustration of elevated layer occurrence
due to local differential land-sea heating.
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Figure 15b. TIllustration of elevated layer due to
synoptic scale driven offshore flow.
Note adiabatic heating with downslope
trajectory.
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with height with any regularity are the deserts of the world
and particularly those that are near large bodies of water.
The sun heats the desert surface causing it to be very hot -
and dry, the temperature to decrease, and the water vapor

to increase, with height. This subrefractive condition can
be made even stronger by an onshore breeze which is
characteristic of a high pressure area located at sea. The
onshore breeze carries cool moist air that rises over the
land.

Subrefractive conditions tend to follow a diurnal
cycle and are strongest in the afternoon and usually disappear
at night. In semi-arid and desert regions it is not uncom-
nmon to see strong subrefractive conditions forming in the
afternoon, due to solar heating of the surface, and super-
refractive conditions develop at night, due to radiation
of heat from the surface.

5. Conseguences of Anomalous Propagation

As described earlier, the effects of anomalous
propagation vary with the wavelength and the gradient of the
refractive index. Increases in the refractive gradient
(due to superrefraction or ducting) result in an extension
of the radar horizon, causing an increase in radar coverage
beyond that expected for a standard atmosphere, as shown
in Figure 4. Refraction can also lead to errors in the
measurement of range and elevation angle by microwave

systems. An elevation angle error is created by the bending
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of the EM waves away from a straight path as they propagate
to the target and back as shown in Figure 16. Range error is
created by the increase in the effective path length due to
refraction of the EM rays from the radar transmitter to the
target and back to the radar receiver. Figure 17 shows

range error as a function of the apparent elevation angle.

An example of the type of range error that can be created by
atmospheric refraction is that experienced by the FPS-16 air
search and tracking radar at Mount Lemmon, Arizona. For
this radar, range errors are generally between 30 and 40
yards over a 150,000 to 200,000 yard distance. In many
instances this type of error is of little consequence, but,
for accurate tracking of a target's location some
compensation for the range error must be made.
Communications signals are affected by refraction in
a manner similar to radar signals, leading to extended ranges
in "line of sight" communications. However, the terrain
over which the signals propagate will often have a greater

effect on communications range than will refraction for

ground based systems.

The effect of refraction on Direction Finding (DF)
systems can, in certain circumstances, be significant.
Harrington and Callaghan [Ref. 10: p. 3] state that changes
in the refractive index, particularly if occurring
horizontally, will lead to the same type of error in

direction finding as the elevation angle error in a radar,
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Figure 16. Angular Error Caused by Refraction.
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angle is defined as the angle from the
horizontal that the radar is aimed in order
to locate the target (as opposed to the

e angle from the horizontal that the target

- is actually located). CRPL reference

T refractivity atmosphere (1958) is

assumed. Note that the closer the apparent

elevation angle is to the horizontal, the

greater the range error.
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as shown in Figure 18, An example of a situation that might

result in a horizontal gradient is a signal transmitted

0~ ponoes

v across a body of water where the air is more humid than over

LA B4 ad 4
. .

Caani L 4
B “
e 0

land. Similarly, a signal traversing a wide valley, where
the air is much drier than the surroundings, can result in
an error in location of a transmitter.

Multiple modes on an EM signal propagating in a duct

can result in variations in the strength of the EM signal at
various points along the path due to interference. This
spatial fading can be caused by multipath, or, as in the
above example, by multimode interference, both of which can
result in a condition where the vector sum of several
components of a signal are not in phase. The variation in
phase is a result of the difference in path length induced

by refraction and/or path route. According to Skolnik

[Ref. 7: p. 454] fading on the order of 20 dB can occur for
radar systems experiencing multimode propagation. Fading
can be greatly enhanced by the presence of ground and/or sky
waves combining with the refracted signals (multipath).
Beach [Ref. 3: p. 75] states that temporal fading will
frequently occur near the radio horizon due to changes in
the index of refraction leading to large changes in signal

strength in the horizontal EM signal path.

In the presence of ducting, the effects previously

described become more acute. The angle error in a ground

T N

based radar will become greater with a larger refractive
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Figure 18. Signal Refraction because of change of
humidity over a lake and its effect on
D.F. accuracy.
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gradient and can often be more serioﬁs than the range errors
induced. For those VHF, UHF, and microwave signals propa-
gating nearly horizontal to the sarth's surface, trapping
can also occur, particularly if the transmitting antenna is
located within the duct. When trapping occurs, the range of
the EM signal within the duct is greatly extended beyond
that expected 1in a standard atmosphere as shown in Figure
19. Thus, for surface based radar signals the coverage can
be extended well beyond the expected radar horizon and, for
communications signals, extraordinary ranges have been
caused by the presence of surface based ducts. Exanmples of
VHF signals propagating 2,000 miles without the use of
satellites are well known. Likewise, electronic support
measures (ESM) detection of these signals is greatly enhanced
by the extension of the range of the propagating signal. For
ground based DF systems, trapped signals can be a mixed
blessing. Although the range at which a signal can be
detected is extended, the accuracy of the direction finding
can be degraded by the very nature of the ducted transmission.
The existence of radar/radio holes is indicated by
regions in the atmosphere where EM signal strength is weaker

in the presence of a duct than it would be in free space.

The variables that dictate the existence and characteristics
of a radar or radio hole are: the radar or radioc transmitter

height relative to the duct, the radar target or ESM

b
- . : . .
A S receiver height relative to the duct, the operating

M
i
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Figure 20.
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TRY RADAR
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SHADED AREAR INDICATES ARER OF DETECTION OR COMMUNICATION

FREE 3PACE RANGE: 81.1 NAUTICAL NILES
FREQUENCY: 9000 NHZ
TRANSNITTER OR RADAR ANTENNA HEIGHT: 2800.9 FEET

Coverage Diagram for a 9000 MHz airborne
early warning radar transmitting within

an elevated duct located bewteen 2,590

feet and 3,220 feet above the surface.

Note the extended coverage in the duct and
the partial loss of coverage just above

the duct. This coverage diagram like those
in Figure 20 was produced by the Navy IREPS.
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Figure 20. Coverage Diagram for a 9000 MH2z airbcrne

e early warning radar transmitting within

- an elevated duct located bewteen 2,590

i feet and 3,220 feet above the surface.

r Note the extended coverage in the duct and
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farther away from the aircraft until a point is reached
where the hole is no longer apparent.

Electronic countermeasures (ECM), ESM, and DF systems
performance, as well as air to air communications and air to
ground communications are also affected by elevated ducts,
with the effect being most likely at higher frequencies. It
has also been noted that the propagation of EM signals from
transmitters located well below the elevated duct is greater
in the duct than expected. One explanation mentioned by
Skolnik [Ref. 7: p. 453) postulates that the EM signals are
being scattered into and out of the elevated duct by
variations in the index of refraction profile due to the
"wavy" top of the duct, causing it to be similar to a
nonuniform waveguide. Figure 21 shows examples of the
effect that the position of the aircraft (whether radar or
jamming) relative to the elevated duct has on the trapping
of EM waves and on the effect of the radar/radio hole on EM
waves.

For radar systems, the presence of surface or
evaporation ducts can lead to an increased surface clutter
return, both in magnitude and in coverage extent, masking
targets over a much greater range. An example of this
effect is shown in Figure 22. As described by Beach
(Ref. 3: p. 85], if the clutter return is stronger than the
target return at the same range, detection of the target may

be seriously degraded or impossible. The strength of the
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Figure 2la. Scenario of Jammer or Radar Source
Below Elevated Refractive Layer.
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clutter return is partially dependent on the strength of *he
EI duct. MTI radars can be seriously affected by the enhanced

3 .

strength of the clutter return which may overcome the radar's

ability to separate out a moving target from stationary

clutter.

The fading phenomena described earlier can also
become more severe in the presence of ducting and can lead
to the "skip" effect in the presence of a surface duct. This
phenomenon is characterized by periodic spatial gaps in radar
coverage or communications signals. These spatial intervals
give the appearance of rings on the radar display. Figure 23
shows the ray paths that characterize skip rings. Note that
the appearance of skip rings is dependent on the surface
reflectivity as well as the strength of the surface duct
and the angle at which the EM ray is launched. Since water
generally has a higher surface reflectivity than land this
skip effect is more significant over the oceans of the world.

Subrefractive conditions can cause the creation of
blind spots within the subrefractive zone for EM emitting
aircraft (airborne early-warning and EW aircraft) located
above the zone, as shown in Figure 8. Aircraft traveling
close to the earth's surface, below the top of the sub-

refractive zone, can take advantage of this condition. In

the case of airborne early-warning systems, penetrating
aircraft will be able to move in much closer to the radar

aircraft before being detected. As an example, Davidson
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Figure 23. Skip Effects. EM rays from the transmitter
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the angle they are transmitted at and the
surface duct characteristics.
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ERef. 5: pp. 3-10] discusses the effects noted by an E-2C
squadron. One of the phenomena noted was that for aircraft
flying at approximately 25,000 feet ray angles of as much as
5 degrees below the horizontal were required to penetrate
solar heated subrefractive conditions, seriously degrading
the early warning ability of these systems. In a similar
manner, air to ground communications can also be affected by
subrefractive conditions.

Optical wavelengths are affected by refraction in a
manner similar to microwaves, but on a much reduced scale
due to the relative ineffectiveness of water vapor gradients.
Figure 8 shows that refraction does extend the optical
horizon beyond the geometric horizon but not nearly to the
extent that the radar/radio horizon is extended. Since
there is usually little measurable difference in the
refractive effects experienced by IR and visible wavelengths,
which together form the optical region, they will generally
be considered together in this thesis.

Refraction in a standard atmosphere causes the horizon
seen by the observer to appear higher and more distant than
the geometric horizon. McCartney [Ref. 11: p. 100] describes
a formula, given by Bowditch, for calculating the distance
to the optical horizon in a standard atmosphere as

Horizon distance = 3.83951/2 km, (2.10)
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where s is the height of the eye in meters. This relationship
is shown graphically in Figure 24. Superrefractive and
ducting conditions will extend the optical horizon even more,
causing objects beyond and below the horizon fo become visible.
Extremely strong inversions near the surface of the earth will
form a mirage, known as looming, leading to greatly extended
optical horizons. This subject will be taken up in more
detail in the section dealing with mirages. Figure 24 shows
that optical waves traveling in the atmosphere are also
subject to downward bending due to refraction, leading to
range and angle errors in surveillance and tracking systems.
The degree of bending is dependent not only on the refractive
conditions prevailing but also on the zenith angle £. As
described by McCartney [Ref. 11: p. 112], when the zenith
angle is 75 degrees or less the effect of refraction in a
standard atmosphere is largely ignored. For larger values
of the zenith angle the effects become apparent particularly
if £ is greater:' than 90 degrees or if superrefraction or
ducting conditions exist. When the beam path lies at such
an angle, and is also tangent to the horizon, the refractive
effect in bending and lengthening the path can be significant.
The effects of refraction on millimeter wave
propagation in both a standard and non-standard atmospheres
is an area not clearly understood at this time. The
millimeter wave region of the EM spectrum has only recently

been actively considered for application to communications,
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surveillances and weapons system's guidance. The majority of
the information currently available is largely theoretical.

In a standard atmosphere, there is some reduction of signal
strength and, like microwave signals, there are errors

induced in range and angle estimation of radar targets.

These effects appear to be rather small in standard conditions.
T. Patton et.al. [Ref. 12: p. 170] states that in non-
standard atmospheric conditions (anomalous propagation)

there is some evidence of trapping of millimeter waves by
surface ducts, but there has been little investigation of the

effects of elevated ducts. Also, the importance of a water

vapor gradient in the atmosphere on millimeter waves has not
% been adequately addressed although it does appear to be more
! v significant in MMW propagation thanin microwave propagation

and less so in optical propagation. D. Snider, in private

communicationsa, states that due to the difference in the
responses to humidity of optical and millimeter wave energy,
if there exists, simultaneously, a temperature inversion,
created by heat radiation, and a slight increase in humidity
with altitude, optical rays would bend downward, due to the
temperature inversion, while MMW rays would bend upward due

to the humidity gradient.

3 The discussion with D. Snider was in regards to the
difference in the effects of atmospheric refraction on
optical and MMW systems.
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6. Methods of Predicting Refractive Effects

Calculating the refractivity of the atmosphere,
detecting the presence of anomalous propagation and
determining the effect of refractivity on EM wave propaga-
tion is very complex and as yet inexact. Characterizing the
variation of atmospheric refractivity with altitude is
usually done by making measurements of temperature, pressure,
and humidity as a function of altitude using a radiosonde
balloon. Based on these measurements, and utilizing
Equations 2.4 and 2.5, a determination of the refractivity
and its gradient at various elevations can be made. This
information is generally sufficient to determine the
presence of anomalous propagation phenomena.

The use of a radiosonde for measurement has a major
drawback; it is generally a slow response instrument and
somewhat inaccurate. Consequently the data collected by
the radiosonde greatly limits the ability to accurately
calculate refractive index gradients. Ongoing efforts are
underway to develop and deploy smaller and more accurate
means of measuring refractivity, directly or indirectly.
Kaelin [Ref. 13: p. 124] in his thesis states that examples
of new systems are the mini-refractionsonde and airborne
dropsonde being developed by the Naval Air Development
Center, Warmister, Pennsylvania. A direct and accurate, but
not commonly used method of measuring atmospheric

refractivity, is the airborne microwave refractometer.
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A thorough and accurate table of climatological
records that describe local geographic conditions will also
pravide a valuable means of at least probabilistically cal-
culating the expected refractive profiles for a region.
Forecasts of anticipated weather conditions can also be used
to develop a general idea of expected refractive conditions.
These two methods, one for predicticn and the other for
forecasting of refractive conditions wili both be discussed
further in Section E of the thesis.

To determine the effect of the existing refractive
conditions, the frequency of the EM wave of interest must be
known. The Navy's IREPS will take the condition of the
atmosphere and the wavelength of interest and, using a
desk~top computer, graphically display the refractive index
calculated and the effect this condition has on various
radar and radio systems working in the VHF, UHF, and
microwave region of the EM spectrum. Likewise, the Navy is
developing a computer based model to assess atmospheric
effects (including refractivity) on electrc-optical system's
performance. This system, described by F. Snyder [Ref. 141,
is called PREOS (Prediction of Performance Range for
Electro-Optical Systems). The Navy eventually intends to
unite IREPS and PREOS into a single prediction system.
Figure 25 provides an example of a PREOS output and Figures

19 and 20 are examples of IREPS outputs.
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Before methods can be used to compensate for, correct,

or take advantage of refractive effects on EM propagation,

two things are necessary. First, accurate prediction and
forecasting are needed. Some prediction means have been
described here and in a later section prediction methods and
forecasting methods will be described in detail. Secondly,

an in-depth understanding of the effects of refraction on
specific wavelengths and even specific systems that utilize

propagating EM energy is needed. In the second half of the

thesis several systems will be used to provide examples of

-refractive effects' wavelength dependence.

D. MIRAGE

One form of refraction of visible light that occurs in
the lower atmosphere, with which almost everyone is
familiar, is the mirage. Before discussing the effects of
the several types of mirages on EM energy transmitted
through the lower atmosphere, a general description of the
conditions leading to mirage formation will “e addressed.
The majority of the information used in this discussion
comes from an article by A. B. Fraser and W. H. Mach in a
1980 issue of Scientific American [Ref. 15: pp. 29-37].

1. General Description of the Mirage Phenomena

As with other forms of refraction, the atmosphere
creates mirages by the bending of EM energy. As previously
discussed, the index of refraction in the visible spectrum

Vs N
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n‘ is largely dependent on temperature, as seen in Equation 2.5,

Ei L The greater the temperature gradient, the stronger the

3 gradient of refraction and the greater the amount of bending

:Z of light. The portion of the atmosphere responsible for

.. forming mirages 1s located in the first several meters above

- the surface. The exact form of the mirage is highly variable

F—-\

i) and is dependent on the solar absorption at the surface, the

temperature gradient, the position of the object relative to
the temperature gradient, and the position of the observer.
Light traveling through the shallow lower layer of
the atmosphere will, due to the existing temperature
gradient, travel in a parabola. The curvature of the ray can
be upward or downward, depending on whether there is a
decrease or increase of temperature as altitude increases.
A general way to describe this phenomenon is to draw two

light rays from an object, one moving directly to the

observer's eye and the other following a parabolic path,

as shown in the two-image inferior mirage in Figure 26,

The first ray presents the light directly from the object.
The second ray path is bent upward (due to a decrease in
temperature at higher altitude) and thus appears to be light
from an object which is located vertically below the actual

object.

The simplest types of mirage to distinguish between
are superior and inferior. 1In a superior mirage the

< temperature increases with height, as in superrefraction or
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General Mirage Effect. Light ray A from
object P is above the subrefractive condition
and travels in a straight line to the observer
C. Light ray B from object P travels through
the subrefractive condition and thus creates

a virtual image P' which is seen by the
observer C.
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ducting, and a horizontal surface will appear to ‘e concave
upward, presgnting an impression to the observer, of being
inside a shallow bowl, Figure 27A is a ray diagram of a
superior mirage, showing that the image of the observed
object is displaced upward. According to McCartney [Ref. 11:
p. 100], although most mirages only involve relatively short
distances (1 - 5 km), a superior mirage created by a very
strong inversion can make objects located far beyond and
below the optical horizon visible in a phenomenon known as
looming.

An inferior mirage is created by a gradient in which
temperature decreases with height (subrefraction)., As
described by Fraser and Mach [Ref. 15: p. 351, a horizontal
‘1?‘ surface altered by an inferior mirage will appear to be
convex upward. The impression is also of a bowl, but this
time the bowl is inverted and the observer is on top of it.
There is thus an optical horizon created beyond which the
surface being observed disappears. This phenomenon is
referred to as sinking. The decrease of temperature, with
altitude, which leads to this profile is common over
enclosed bodies of water in the early morning and in desert
regions in the late afternoon. Note that, with an inferior
mirage, light rays from the bottom of the object may not
reach the observer if this portion of the object is beyond

the optical horizon, as shown in Figure 27b.
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Figure 27a. Superior Mirage. The virtual image P! is

seen by the observer A as being above the
actual object P.
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A Figure 27b. This time the virtual image P' is seen by
i; the observer A as being below the actual
" o8 object P.
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If the temperature gradient is constant with height,
no distortion of the image will occur in a mirage, since
displacement of all portions of image, upward or downward,
will be the same. However, such a situation is not*t the
general case, since some magnification or reduction of the
image will usually occur. When an image is reduced in
height, the condition is referred to as stooping. This
occurs if the temperature gradient decreases as the tem-
perature increases with altitude. Such a condition often
occurs over lakes or inlets on a sunny afternoon, where
warm air from the land is carried over the cooler water. A
superior mirage is thus formed with the bottom of the image
displaced upward more than the top of the image. The result
to the observer is a squashed image of the object, and this
image will appear to fluctuate in vertical dimension, as the
day progresses.

A magnification of the image, or towering occurs,
according to Fraser and Mach [Ref. 15: p. 351, in an inferior
mirage when the image is displaced downward, but the bottom
of the image is moved downward more than its top is. This
happens when the temperature gradient increases as the

temperature decreases with altitude and occurs over enclosed

bodies of water in the early morning or over sun-heated

ground later in the day.
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RS The familiar mirage of the desert is the two-image
inferior mirage. The "water" seen by the observer is
actually an inverted image of the sky seen below the horizon.
The same atmospheric phenomena that create the inferior
mirage and towering create the two-image inferior mirage,
i.e., the temperature and temperature gradient both decrease
with height. The difference is that the temperature profile
must be stronger, thus resulting in the ray being bent more
significantly. Since the object rises so far above the
surface that it is near the top of the temperature gradient,
rays will travel both directly from the object and in a
parabolic manner, similar to the simplified diagram in
Figure 26, Because the ray of light passing through the
iﬁ;' region of strong temperature gradient is so strongly bent,
it will not join the eye with the bottom of an object but
will join the eye with the top of an object to provide a
second, but inverted, image. As Fraser and Mach [Ref. 15:
p. 35] state:
"The image is inverted because as the observer lifts his
gaze slightly he is looking through a region of the
atmosphere that has a weaker temperature gradient, so
that the ray is less strongly curved. It will therefore
join the eye to a point lower on the object rather than
higher, as would usually be expected."
An object moving away from the observer will first appear as
a single image, then as a double image, and then vanish

from the bottom up. The presence of a double image will

make the ground between the observer and thre object appear

-~
-

75

___________

T adlataMa tata _atasa




e R e i N N L AP T A R ATV i A e Tl S e bl e T Y — Yant 3 -~—w

oo to be a water surface. The distance to the point where the
"water" begins is the location of the optical horizon. As
the temperature cools, the optical horizon is extended and
the "water" recedes and, finally, vanishes.

According to Fraser and Mach [Ref. 15: p. 36], the
most common form of the three-image mirage is caused by
temperature increasing with height, for a distance, and then
decreasing. This condition will occur over enclosed bodies
of water on warm afternoons, and results in the surface of
the water appearing as a "large, flattened letter S" - thus,
the surface appears to fold over. If the inflection point
is gentle, the surface will appear to rise up rather than
fold over. An object at the distance where this occurs will

‘iﬂi be magnified, creating an example of the "Fata Morgana".

Traser and Mach [Ref. 15: p. 36] feel that the
occurrvenceof gravity waves in the atmosphere, along with the
conditions leading to a three-image mirage, can result in
the creation of the classic "Fata Morgana", which will
sometimes appear as a hugh wall rising up above the surface

or as a mountain range in the distance. This combination of

stratified atmosphere and gravity waves causes a periodic

oscillation of the refractive index. Energy imparted from

v

E surface winds and a countering force imparted by the earth's
E gravity are responsible for the waves. The oscillating

N

E bands of varying refractive indices will lead to the

B i ¥ appearance of bright pilasters and dark windows in the
SRS
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wall created by the "Fata Morgana", and are actually the
image of the surface below the mirage.

Although there are other less common forms of mirage,
those described above show some of the great variety of
types and the atmospheric conditions leading to their
creation. Such conditions can potentially disrupt the
operation of optical systems.

2, Effects of Mirages on Optical Devices

As previously stated, there are a variety of forms
of mirage, all dependent on the conditions of the atmosphere
near the surface of the earth. The resulting refractive
conditions are similar to those of anomalous propagation
but are on a much smaller scale, though the line separating
anomalous propagation from mirage is often unclear. The
basic difference between these two forms of refraction are
the local nature of the atmospheric conditions leading to
mirage formation and the larger scale atmospheric conditions
leading to anomalous propagation.

The effects of mirages are most apparent on optical
systems. Generally, there is little difference in the

effects of mirages on IR and visible wavelengths, even in

the presence of strong refractive conditions. The effects
on optical tracking systems can be quite significant,
resulting in extension (superior mirage) or shortening

(inferior mirage) of the optical horizon and distortion of

f,! . the image (towering and sinking). Mirages such as the three
o 77
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image mirage and the "Fata Morgana" can appear very solid
and real, and, therefore, be quite misleading. Just as
light from the object to the observer is strongly bent, so,
too, will be any visible energy directed from the observer
to a target in the mirage.

The effects of mirages can be significant for optical
trackers, visible surveillance, and laser systems operating
at low elevation angles within the mirage.

In a similar manner, optical systems using the IR
spectrum will also be affected by refraction in mirage
conditions. The PREOS model [Ref. 1l4] incorporates the
ability to predict the amount of image distortion due to
mirage effects.

The effect of mirages on radio wave and microwave
systems will depend not only on the general type of mirage
(inferior or superior), but also on the strength of the

refractivity gradient and the mirage thickness. The effects

will be the same as those predicted for surface based

anomalous propagation, whether superrefractive, ducting, or
subrefractive. The effect on microwave systems, such as

radar, will only occur at very low elevation angles and at

AT T EE TN,

frequencies high enough to be above fm’ (Equation 2.9).

Prediction of mirage occurrence is difficult, since

‘. 4K I

it is dependent on terrain, large scale atmospheric, and
local atmospheric conditions. Mirages are generally

.ﬁ?%ﬁ associated with partially or fully enclosed large bodies

78




“
"~
-

.

A

s 2B b Ak e b oo
B oo

RO .4
lo ‘e

«
h
3

e N N T N R s rm— S ——— CRSe e e dene e man

of water, such as lakes, sounds, or bays, and with hot desert
regions. The probability of occurrence of mirage conditions
and examples of the effects of mirages on specific systems

will be addressed later.

E. TURBULENCE

Anomalous propagation and mirage conditions are created
by relatively large scale, steady state variations in the
refractive index of the atmosphere. Such refractive
conditions affect EM signals at both the long and short end
of the spectrum, from radio frequencies to visible light.
The air is, however, never entirely motionless. Thus, much
smaller scale variations in the index of refraction also
exist. These random fluctuations of the index of refraction
of the air are created by turbulent motion in the atmosphere
coupled with temperature and humidity gradients. This
turbulent motion includes inhomogeneities in the atmosphere
varying in size from hundreds of meters in extent of those
on the order of 1 mm in length., The effects of turbulence
are largely confined to the shorter wavelengths (MMW, IR,
and visible), due to the size of the refractive
inhomogeneities relative to the size of the wavelengths.

1. General Description of Turbulence

The inhomogeneities in the atmosphere consist of
varying sized regions (discrete cells) which fluctuate in

temperature and water vapor content in time and in space.
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According to Zuev [Ref. 16: p. 3481, variation of 1 degree
centigrade will result in a change in the refractive index

of approximately 1 x 10-6. Fluctuations of the temperature
of the air at a given location may be as high as tenths of

a degree and can vary over periods of milliseconds to seconds.
Zuev further states that the variation of temperature over a
horizontal path can be several degrees for points on the
order of 102 to 103 m apart.

These inhomogeneities are themselves constantly
changing in size and location. They are created and modified
by wind shear and convection arising from vertical temperature
gradients and from vertical wafer vapor gradients over lakes
and oceans. As stated by F. Lutomirski et. al. [Ref. 17:

p. 1]
"The most important factors affecting daily variations (in
the index of refraction) are short wave solar radiation and
long-wave terrestial and atmospheric radiation, the mean
wind speed, type of soil and ground cover, and ground
surface roughness."

The overall effect of the inhomogeneities present in
a turbulent atmosphere is to modify the characteristics of
optical propagation through the atmosphere. The nature of
the refractive effect 1is dependent on the operating wave-
length, pathlength, and nature of the turbulence. Specifi-
cally, the size of the inhomogeneities is important to the

overall effect of turbulence on optical and MMW transmissions.

The size of the inhomogeneities created by wind shear and

80

el R R R S S T NPT R P N S N S . S R L T




...........................

convection will vary greatly from those hundreds of meters
in size (outer turbulent scale) Lo’ to those, according

to Zeuv [Ref. 16: p. 3491, on the order of

u
1 = /3 , (2.11)

where lo is the inner turbulent scale, v is the kinematic
viscosity, and e is the rate of dissipation of turbulent
kinetic energy. The inner scale lo’ is the smallest size
inhomogeneity that can exist due to viscosity while LO is
the largest such region that can exist in which temperature
can be expected to remain nearly constant. According to A.
Cooper [Ref. 18: p. A-40], between these two scales there
often exists a region of well established turbuléence which
can be described by the Kolomogorov spectrum as

o ()zk~ /3 (2.12)

where K = 27/1 is the "turbulence wave number" representing
the size of the eddy or inhomogeneity and Bn(K) is the
"intertial subrange" of well established turbulence.

The structure function of the refractive index between
two points (r and rl) of a medium with random inhomogeneities

is

D_(r) = [n(r; * 1) - n(rl)]2 (2.13)
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where r is the distance between the two points. In a
similar manner Zuev [Ref. 16: p. 349] defines the temperature

structure function

Dy(r) = [TCF, ¥ 17 - T(rIsz (2.14)

1
Atmospheric turbulence is generally described by the

Kolomogorov model for fluid velocity turbulence. For the

Kolomogorov turbulence model the two Equations 2.13 and 2.14

can be written equivalently for small scale turbulence, as

Dp(r) = C 2 .2/3 (2.15)

D_(r) = C 2 ,2/3 (2.16)

"

where an is the refractive index structure value and CT2 is
the temperature structure value. These relationships in
Equations 2.15 and 2:16 only hold for limited separation

values, when

1 << pr << L (2.17)
(o] [e]

The two structure constants are related by

2 6

c ? = (79p/7%x10™%)2 ¢.° (2.18)

T b
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and are the usual means of describing the turbulence level.
According to F. Hall [Ref. 19: p. TuCl-1] an can also be
described as the difference in refractive index between two
points, squared, averaged and divided by the 2/3 power of
the distance between them, or

c.? = (n - np??? (2.19)
where r is the distance between the two points. Note that
an has the dimensions of length to the -2/3. Generally
an is the only parameter needed to describe small scale
turbulence and, for this reason, is the parameter most often
used in studying optical turbulence effects. Actual
measurements of an can be made by determining the difference
in temperature between two sensitive, fast response thermo-
meters located some distance apart or from the temperature
power spectrum from one thermometer.

Values of Cn2 in the lower atmosphere generally lie

between 10 1 %cm and 1071%cm and vary widely with time and

location. Cn2 values, and therefore turbulence conditions,

-15 13

are considered to be light around 10 and severe around 10 -,
Variation in the value of an occurs not only along a hori-
zontal path, but also along a vertical path from the earth's
surface to the top of an inversion. Turbulence will generally

be strongest at the surface and at the top of an inversion.

For such a vertical path Cn2 normally decreases in value as
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altitude increases until the inversion region is reached
where an values increase dramatically. Above the inversion
there can also be significant turbulence depending on the
wind and large scale weather conditions.

The usual result of the many factors affecting
turbulence formation is the turbulence maximum in the early
or midafternoon when heating of the surface is greatest and
winds are light, and minima at sunrise and sunset when little
heating occurs. Turbulence will occur at night, particularly
if an inversion develops, but only if a light wind is present
and will generally be weaker than during the day. Thus,
turbulence shows a characteristic diurnal variation as shown
in Figure 28, although the diurnal variations will be weaker
‘EF' when the sky is overcast. Table 3 provides a rule-of-thumb

for predicting the occurrence of turbulence given existing
meteorological and surface conditions. Figure 29 through 31
are actual plots of Cn2 values for three different climatic
conditions. Figure 29 is a desert region in summer, Figure
30 is a treeless area over snow, and Figure 31 is a wet
grassland typical of many regions in Central Europe. Note
the distinct diurnal cycle in each plot and that the
strongest turbulence occurs over the desert region.
Significant turbulence is recorded in the other two regions

as well, particularly over the wet grassland.
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Figure 28, Diurnal variation of Turbulence. The graph
shows the measured values (solid lines) of
optical turbulence at 1.5 meters above a
grassy surface in a semi-arid region and

those from bulk meteorological measurements
(dashed 1lines).

85




DA

f}

R 4§

TABLE 3
INTERIM RULES-OF-THUMB

Minimum thermal turbulence in the boundary layer is

observed with the following atmospheric and earth-surface

conditions:

o Under a heavy overcast, day or night.

o Over water or wet ground, day or night.

1

o With winds exceeding = 8 m sec ~ (% 15 kn), nearly

regardless of surface heating or cooling, day or night.

o During clear weather, for periods of 10 to 30 minutes

shortly after sunrise and before sunset.

o During generally unstable days, for brief periods in
the shadows of transient clouds (the same effect may be

obtaired durimg nights that are generally stable).

o In descending volumes of air, specifically between

convective plumes in daytime, free-convection conditions.

o On clear nights, with absolutely still air (any air
motion can drastically change this situation).

Maximum thermal turbulence is generally found with the

conditions:

o Over relatively dry ground, with strong solar heating

and light winds.

o On clear nights with light but nonzero winds (the most
unpredictable, sporadic turbulence is found under these

conditions,

o In the upper atmosphere, in stable strata associated
with vertical wind shears.
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2. Principal Effects of Turbulence on Optical Propagation

Turbulence in the atmosphere, along the optical path,
affects the optical properties of focused beams and imaging
systems. Point measurements of an along an optical path
cften show wide variations in values due to temperature and
wvater vapor variations. Due to this spatial variation in
Cn2’ a path integrated value is usually determined for the
overall path. Often in calculations of the effects of
turbulence on optical systems the value of an used will be
weighced for the calculation. These weighting functions will
emphasize the effects of certain parts of the path (the
center or ends) and may totally ignore other regions. The
value of weighting will vary with the type of turbulence
effect being considered, thus, care must be exercised in
using "weighted" values of an in calculations.

Instantaneous deviations in n due to turbulence can
lead to a number of effects on optical systems to include:
scintillation, wave front tilt or fluctuations in angle of
arrival, beam spread, beam steering or beam wander, and
degradation of the Modulation Transfer Function (MTF) or
loss of resolution. Each of thege effects will be considered
separately, although it will be seen that many are closely
related. E. Crittenden [Ref. 20: p. 2] states that H.T. Yura
in his analysis of turbulence effects shows that the effects

on an active focused beam system will be applicable to those

30
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imaging systems as well, although the manifestation of
the effect may be somewhat different.
a. Scintillation

Scintillation or beam breakup is due to the

fluctuation of the intensity of a focused beam or image
which has propagated through a turbulent medium. This
characteristic sometimes referred to as "image boil" is
caused by random bending of optical rays resulting in
destructive and constructive interference patterns. These
patterns vary with position and time. Figure 32 shows an
example of scintillation of a laser beam. The twinkling of
stars viewed from the earth is another example of
scintillation.

The variance of the log amplitude intensity of
a laéer beam, as seen through a pinhole at the receiver, can
be related to an, the propagating wavelength, and the
pathlength, according to E.C. Crittenden et. al. [Ref. 20:

p. 16] by
= 0.124 k77 ¢ z , (2.20)

where k = 2»/) and 2 is the propagation pathlength. As
expected, the greater the level of turbulence or the longer
the pathlength, the greater the scintillation observed. It
should also be noted that the shorter the optical wavelength

the greater the scintillation effect. Equation 2.20 is only
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Figure 32.

An "open camera" photograph of a
scintillating beam profile.
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. R LnA =
ki. S For higher turbulent levels, Equation 2.20 is used only to

accurate for small amplitude fluctuations, for 2¢

infer the approximate relationships between an, pathlength,
wavelength, and log amplitude variance.
Turbulence levels generally vary along the

propagation path, rather than being homogeneous as implied

by Equation 2,20. This fact must be considered in calculating
the actual log amplitude variance, and Equation 2.20 can be

rewritten (for spherical waves) as

= .56 k ; C°wdz |, (2.21)

where w is a weighing function that emphasizes the an

values in the middle of the optical path and ignores those
values at the path ends.

an values can also be calculated from measure-
ments of scintillation. According to Crittenden [Ref. 20:
p. 16], however, in cases of nonuniform turbulence levels
along the path of propagation such calculations may not be
of any use in calculating other turbulent effects because
of the different weighting functions involved.

b. Wave Front Tilt and Beam Spread

Wave front tilt or fluctuations in the angle of
arrival of a beam or image are caused by bending of the
entire wave front of an image or beam as it passes from one

inhomogeneity to another. As would be expected, the inner
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scale turbulent inhomogeneities have little effect on
creating wave front tilt, but rather, it is the larger,

outer scale, turbulence regions that lead to this phenomenon.
The result of this effect is to cause "image dance", a move-
ment of the apparent position of an object's location in an
imaging system. This is the phenomenon that leads to the
false apparent location of stars viewed from the earth's
surface.

One characteristic of beam spread is the
increasing of the width of an initially narrow beam as it
propagates through the atmosphere. This expansion of the
beam width and resultant decrease in intensity is due tc the
random refraction of the beam as it passes through a turbu-
lent atmosphere. In essence, relatively small scale wave
front tilt 1is occurring . many different locations across
the beam profile. Long term beam spreading can be separated
into two components: beam expansion as described above and
beam wander. Beam wander is the movement of a beam from a
straight path due to turbulent inhomogeneities that are much
greater in length than the beam width, thus, refracting the
entire beam. As expected, beam wander is a function of the
beam diameter and the turbulence scale. Lutomirski [Ref. 17:
p. 115] states that beam wander is closely related to wave
front tilt and in cases where the only significant effect on
a beam propagating through the atmosphere is wave front tilt,
the instantaneous beam wander angle and wave front tilting

angle will be equal.
ak
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c. Resolution

A cumulative effect of the various turbulence
effects is an overall degradation of the image resolution of
an object seen through the atmosphere. Characteristics of
an object are said to be resolved if their images are
discernible as being separate. This loss of resolution is
characterized by a degradation of the Modulation Transfer
Function (MTF) of the atmosphere by turbulence. The MTF
describes the detail of an image, transmitted from one point
to another, in terms of the spatial frequency. The MTF for
a total optical system can be calculated by determining the
MTF for the components (lens, mirrors, and atmosphere) and
forming the product of these component values. Knowledge
of the MTF of the atmosphere is important in predicting the
effects of turbulence on low, medium and high power laser
beams leading to beam wander and modification of the beam
profile. However, in high power lasers the heating of the
air must also be considered. To be entirely accurate, when
discussing the MTF as it relates to optical swstems, it is
the Optical Transfer Function (OTF) that is discussed. The
OTF describes both the phase and amplitude changes in the
atmosphere. When only the amplitude changes are considered,
the OTF is called the MTF.

Knowledge of the MTF can also aid in predicting

the turbulence contributions to resolving ability, image
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broadening, and image wander of imaging systems. Using
weighting functions that emphasize the ends of the path, MTF
curves can be developed from measured values of an and \.

For imaging systems, the Mutual Coherence Function
(MCF) is the equivalent of the OTF and, in fact, the atmos-
pheric MCF is the same function as the OTF but expressed in
terms of different variables. The MCF is of considerable
concern in coherent detection systems. It reflects the loss
of transverse coherence of an initially coherent wave as it
passes through the turbulent atmosphere. Knowledge of the
MCF can also be used to provide information on atmospheric
effects on laser propagation.

The OTF for a propagation system, along a path
where the turbulence varies is described by Crittenden
[Ref. 10: p. 1u4] by

-1/3 ,5/3 %

o) 2 /3
f é Crl d

M(E) = exp{-57.64 A (z/zo)s 2}
(2.22)
where z, is range, f is the angular spatial frequency,
defined as f = 1/L, where L is the spatial period of the
distribution of the modulation of the amplitude (intensity)
of the optical beam, andiis the wavelength. The same
function M(f) is used to calculate the MCF of an imaging

system but using different variables.
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The most common parameter used to describe FLIR
propagation through the atmosphere is the Minimum Resolvable
Temperature Difference (MRTD). The MRTD implies the use of a
standard four-bar pattern with an individual bar length to
bar width ratio of 1:7, The MRTD is the minimum temperature
difference between the bars and the background for which the
bar pattern can be resolved at the 50% probability of detec-
tion level for a given FLIR. Figure 33 shows a four-bar MRTD
test pattern such as that discussed above. As with other
means of measuring resolution, the MRTD for a FLIR system
can be greatly degraded by turbulence.

Figure 34 provides a comparison of line spread
functions measuring the atmospheric OTF for two different
levels of turbulence. Note that several of the effects of
turbulence are occuring simultaneously. The cumulative
effect of scintillation, image broadening, and image wander
(wave front tilt) is to reduce the resolution of an image or
degrade the shape and move the end point location of a beam.

As mentioned earlier, an can be calculated from
measurements of scintillation. Likewise, Crittenden et. al.
[(Ref. 21: pp. 13-1 to 13-2] states that measurements of the
OTF and beam wander can also be used to calculate an and

with more ease than using scintillation.
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Figure 33.

= T————; Temperature = T+AT

-

Standard Four-bar MRTD test pattern where
the bars represent a blackbody source of
temperature T+AT and the spaces represent

the background temperature T,and AT is the
difference between the background temperature
and the targets temperature,
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e Figure 34, Line spread spectrum for two levels of

b turbulence. These photos show that associated
with an increase of C.2 is a broadening of the
image related to the 8TF, increased detailed
structure (scintillation) and an increase in
the w« nder of the center (image wander). 1




3. Manifestation of Turbulence in Optical Systems

In beam forming optical systems, such as laser
systems, scintillation may result in a few dB to upwards of
40 dB fluctuation above and below the average irradiance
value. For a laser communications system this effect can
be significant in degrading the bit error rate. Scintillation
is less important at IR and longer wavelengths than at
visible wavelengths. According to Lutomirski [Ref. 17: p. 2301,
recent studies have shown that at the longer wavelengths (IR)
a coherent detection laser communications system is preferahble,

while at visible wavelengths, an incoherent detection system

"is best when turbulent effects are concerned. Beam wander can

cause significant enough movement of a laser beam to degrade
detection in an optical communications system or to sweep the
beam off the target in a laser designation or laser weapon
system. Wave front tilt will also cause a degradation of
detection in an optical receiver, although this may be the
simplest turbulence effect to correct. Beam spread can
result in a reduction of the irradiance of a laser weapbn and
a sensitivity reducticn in laser communications systems. The
MCF can be used to determine the limiting mean irradiance
from an initially coherent beam and the turbulence limited
S/N ratio of an optical heterodyne (coherent) receiver,

Table 4 consists of two tables listing several types of army
laser systems and the types of turbulence induced degradation

each system can suffer from,
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Turbulence will create the same effects on imaging

systems but will often be manifested in a different manner
than the effects on beam producing optical systems.
Scintillation will create variations in the intensity of the
image of the object being viewed and will thereby degrade
detection and identification. Image wander can cause a
degradation of detection ability, dependent on the type of
imaging system used, specifically the nature of the detection
method used by the imaging system. Image broadening may
degrade both detection and identification. Wave front tilt
can present a false apparent location of the object. Tur-
bulence induced degradation of the resolution of an image
can be quite severe, affecting detection, discrimination

and identification. The limiting resolution due to
turbulence can be determined from the MCF.

It is apparent from this discussion that turbulence
effects on optical systems are varied, but generally result
in a degradation of the system's operation. Some means have
been developed to compensate for turbulence effects, a few
of which will be mentioned.

Lutomirski [Ref. 17: p. 65] states that perhaps the
easiest form of turbulence effects to correct is wave front
tilt tc the entire beam or image, if it occurs largely by
itself. Mechanical or electronic tracking of the image can
be used in a system to correct the displacement in the image

plane, producing a nondegraded image.
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Other forms of turbulence effects are not so easy to
correct, particularly when several occur at once. Because
of the small scale of turbulence effects, turbulence
correction requires a resolution element related to the size
of the turbulence scale. These elements must be small and
response times very short, due to the rapidly changing
nature of turbulence effects. This is the basis of adaptive
optics, the purpose of which is to minimize turbulent
effects on optical systems, both imaging and beam forming.
The adaptive optics system senses phase shifts induced in
the optical beam by turbulence and introduces a compensating
phase shift to correct for this. 1In particular, the Coherent
Optics Adaptive Technique (COAT) is basically a self-phasing
phased array system. Errors in the phase of the incoming
signal are sensed across the wavefront and corrected by the
COAT system. The COAT output aperature is divided into many
small segments whose phase can be controlled independently

using mirrors or splitters, providing the means to correct ]

phase errors in the incoming beam. This technique has been
shown to improve to some degree the degrading effects of ‘
scintillation, beam spread and beam or image wander but can
not as yet fully improve the system's performance to that at

low turbulence conditions.
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4., Turbulence and MMW Propagation in the Atmosphere

Although turbulence has been largely studied because
of its performance degradation of optical systems, it has
been theorized for some time that it may also adversely
affect millimeter waves. Recent tests have confirmed this
fact and have also shown agreement with theory in that there
is a stronger dependence on the atmosphere's hur ity at MMW
than at optical wavelengths. Thus, in calculati s involving
the effects of turbulence on MMW propagation, bc K the
temperature structure value and CQ’ the humidity structure
value, must be considered. Additionally, the cross corre-
lation of these two parameters, CTQ’ must be included in
determining turbulence effects. Scintillation and
fluctuations in the angle of arrival of the beam in radar
applications have been shown to be the primary turbulence
effects at millimeter wavelengths. McMillan and Bohlander

et. al. [Ref., 22: pp. 32-39], in their 1982 article on MMW

-
-

*
N

propagation, provide a detailed discussion of the formulas

A
Pete's's’e

used in calculating intensity fluctuations (scintillation)

and angle of arrival fluctuations.

As described by McMillan and Bohlander [Ref. 22:
pp. 33-36], results of tests at White Sands Missile Range
in New Mexico show that scintillation effects, though present,
are generally not expected to be significant on MMW radar
systems. However, fluctuations of the angle of arrival of

MMW beams are on the same order of expected angular accuracy
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and, thus, can be significant in degrading angle tracking
ability as shown in Figure 35. The results of the testing
seem to indicate that turbulence effects on angle tracking
may be smaller than those due to overall anomalous
propagation effects. Although more data on this subject is
necessary before the full nature of turbulence effects on
MMW is known, the results to date appear to indicate that
turbulence should be considered when discussing MMW
applications.
F. PREDICTION AND PROBABILITY OF OCCURRENCE OF ANOMALOUS

PROPAGATION, MIRAGE FORMATIONS, AND TURBULENCE

The effects of atmospheric refraction on EM wave
propagation, regardless of severity, are of little real
consequence unless these conditions occur with some
frequency. Furthermore, to respond to these effects, it
is necessary to be able to forecast their occurrence and/or
determine their existence. Some discussion on meteorological
conditions and characteristics of terrain that lead to the
three major forms of atmospheric refraction has already been
dealt with and will not be reit.rated here, except, as
needed, for clarity. Rather, this section will attempt to
look at the larger scale causes and characteristics of
atmospheric refraction and focus on the probability of
occurrence of anomalous propagation, mirage conditions, and
turbulence in various regions of the world. Finally, two

specific regions, Central Europe and the Mid-East will be
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fluctuations for millimeter wave signal.
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looked at in some detai', not only because of the obvious
military interest, but also to compare these two distinctly
different areas.

Anomalous propagation will be examined first, for two
reasons: first, because a larger body of information exists
on this subject; second, because much of what is discussed
concerning anomalous propagation can be directly related to
turbulence and mirage forecasting and prediction.

1. Anomalous Propagation

A great deal of studv has been conducted towards
understanding the causes of anomalous propagation in its
many forms, and in determining analytical methods of
predicting its existence. Most of these have already been
discussed. Forecasting anomalous propagation conditions can
also be performed, given an understanding of the location
and terrain features of the region of interest, the time of
year and time of day, and existing large-scale weather
conditions (air masses, high and low pressure regions, etc.),
many of which interact closely.

The general nature of the earth's surface, be it a
large body of water or a large land mass, contributes to the
expected refractive characteristics. This is due to the
physical nature of the surface (mountains, desert, shallow
tropical sea, etc.) and the effect of the surface on the air
masses above. The persistence of superrefractive and ducting

conditions over the oceans of the world is due largely to the
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constant presence of moisture at low altitudes and the
relatively slow changes of large air masses over these
bodies of water. This persistence over water tends to
decrease with distance (north or south) from the equator.
Figure 36 shows this fact graphically.

Over large land masses there generally is no such
consistency in atmospheric conditions as exists over oceans.
The humidity content and temperature of the air, as well as
the large scale weather conditions (fronts and pressure
regions) change much more rapidly over land than over sea.
For this reason, persistent ducting is much rarer over land,
and forecasting of anomalous propagation is generally more
difficult.

The presence of certain terrain features also tends
to have an effect on the occurrence and characteristics of
refraction. High mountains will significantly affect the
movement of air masses across the surface of the earth and
impact on the creation of trade wind inversions and land-sea
breeze recirculation. C. Samson [Ref. 9: p. 7] states that
large river valleys may show patterns of refractivity
differing markedly from surrounding regions due to
stratification of the atmosphere by air drainage, above the
valleys. Heating of large arid surfaces will often result
in subrefractive conditions.

Large scale weather conditions are the most significant

factor in forecasting overland anomalous propagation. Air
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. Figure 36. Regions of persistent oceanic atmospheric
- duct layers.

111

LR A S U WP W N T W L S L IS, U Ty i i e S I




. s e e R IR st ohnr Shauriadar Aincinte J/au SaAae 4 Ty v o i Tt it T

mass characteristics, the presence of high pressure regions,
and the movement of fronts and cyclones are all important
in the formation of anomalous propagation conditions.

Air masses are regions of air in which the properties
of the atmosphere are relatively uniform. These air masses
are formed in source regions which include large desert areas,
tropical seas, and polar regions. The presence of a high
pressure system over a source region enhances the development
of the air mass. Source regions used in the classification
of air masses are polar 'P', tropical 'T', continental 'C',
and maritime 'M'. Table 5 describes the major air masses
and their characteristics. Each of these air masses has a

unique source region and movement pattern that varies

seasonally. As would be expected, each also has a charac-
j} teristic refr :tivity profile associated with it. Figure 37
shows the average profiles associated with these air masses.
The profiles shown in Figure 37 can be modified by
the presence of subsidence associated with high pressure
regions. Large, permanent high pressure regions exist over
the subtropical and mid-latitude oceans of the world, to
some extent year-round. These high pressure regions shift
toward the poles during each hemisphere's summer months and
tend to drive the movement of frontal regions poleward.
Frontal regions and cyclones, which are common in the mid-
latitudes and polar regions, tend to destroy elevated

.F,%- layers, and, thus, no significant ducting or superrefraction
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b TABLE 5
AIR MASS CLASSIFICATIONS AND GENERAL DESCRIPTIONS

s
>
r

E, Air Mass Source region(s) Properties at Source
= Polar maritime Oceans in latitudes Cool, rather moist;
(Pm) greater than 50° unstable
(approx.)
Polar contin- Continents in Cold, dry; stable
ental (Pc) vicinity of Artic
Circle; Antarctica
Arctic or The Arctic Basin Very cold and dry;
Antarctic (A) and (central) very stable
Antarctica in
winter
Tropical Sub-tropical oceans Warm; moist, and
maritime (Tm) rather unstable

near surface, dry
and stable above

Tropical Deserts in low Hot and dry;
continental latitudes: pri- unstable
(Te) marily the Sahara

and Australian
deserts, but also
south-west U.S.A.
and Mexico in
summer
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Figure 37. Typical B-profiles in the source region
for (A) Summer and (B) Winter. A is the
ducting gradient.
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is expected in the vicinity of fronts or of traveling low
pressure reglons (cyclones). Due to the persistence of
these traveling weather patterns in extreme northern or
southern (polar) regions, anomalous propagation is generally
a rare and intermittent occurrence at and near the poles.

Coastal regions will reflect the variation in humidity
and temperature related co the ebb and flow of maritime and
continental air masses by exhibiting extreme horizontal and
vertical refractive gradients.

Over land, and to a lesser extent over water, there
tends to be a distinct seasonal variation in the occurrence of
anomalous propagation. This can generally be tied to the
prevailing large-scale weather conditions and to the
intensity of solar irradiance.

Many of the smaller oceanic islands show little
seasonal change in refractivity patterns, due to the fact
chat their climates are dominated by the maritime air masses.
Islands large enough to affect these air masses will, on the
other hand, often develop distinctly seasonal refractive
gradient patterns.

Continental regions, particularly those in the
mid-latitudes, tend to show significant seasonal variation
in refractive characteristics, with the greatest occurrence
of superrefractive and ducting conditions occurring in the

summer months and early fall. This is, in part, due to the
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shifting of the subtropical high pressure regions, higher
mean temperatures, and the greater amount of moisture
present in air masses in summer.

Seasonal shifts in the prevailing wind patterns, such
as the monsoon circulations, lead to distinct seasonal
variations in the refractive patterns of regions thus affected.

Many regions will also show strong diurnal variations
in refractivity gradients due to surface changes in tempera-
ture, humidity, and, in some regions, shifts in wind direction.
In general, according to Samson [Ref. 9: p. 9], continental
and coastal regions tend to show anomalous propagation as
occurring most often between 2000 and 0700 LST with the
fewest occurrences between 1200 and 1500 LST. Oceanic
islands show just the opposite trend in the occurrence of
anomalous propagation. Subrefraction in desert regions also
occurs most often in the late afternoon. As was mentioned
earlier in this thesis, it is not uncommon in semi-arid and

desert regions to see subrefractive conditions develop in the

afternoon and superrefractive conditions form at night.

Figure 38 shows this graphically, along with the resulting

s

b
4
ﬁﬁ effects on IR rays. These diurnal characteristics, which
b
S

M)
.

tend to be strongest in the warmer summer and early fall

'I
vt

months, are superimposed on the large scale changes in air

masses.
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Forecasting anomalous propagation conditions involves

many variables. However, studies of meteorological data
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collected from weather stations located worldwide has led to
the development of distinct climatic types, which are
terrain types with similar climates found across the earth's
surface., Table 6 is a list of climatic types and their
associated meteorological and refractive characteristics.
Meteorological data collected at weather stations
has been used to prepare climatic charts reflecting the
percentage of time superrefractive conditions or ducting
occurs, on the average, across the surface of the earth.
These charts provide some idea as to the probability of
occurrence of superrefraction, surface ducting, and elevated
ducting in any region of interest where sufficient data has
been collected, and also reflect the seasonal variation in
anomalous propagation over most of the earth's surface.
Figure 39 and 40 are representative of the types of graphic
output climatic charts can present. These figures show the
percent of occurrence of surface ducts, elevated ducts, and
superrefractive layers. Note that Figure 39 is of Northern
and Central Europe and Figure 40 is of the Mid-East. It is
readily apparent that the percent of occurrence of surface
layers and elevated layers varies a great deal between the
two regions, and that coastal areas tend to show a greater
occurrence of ducting than do inland regions. Charts like
these, while helpful, do not show the percentage of time
that subrefractive conditions occur, nor do they explain

whether the anomalous propagation that they describe is
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Forecasting turbulent conditions is, perhaps, more
difficult than other forms of refraction, since the
interplay of surface roughness, solar irradiance and wind
strength is difficult to predict. Likewise, the direct
measurement of an is not always possible, however, Wesely
and Alcaraz [Ref. 23: p. 9] state that an indirect method
has been demonstrated. With this method, an is calculated
using sensible and latent heat flux components of the
surface energy budgets, which are available in meteorological
literature. This method is most accurate for heights of
4 meters or less, where comparison of values of an determined
by the indirect method and by direct measurements of an
appear to agree closely, and thus provide a reasonably
accurate means of predicting turbulence over land. Just as
with mirage conditions and subrefraction, turbulence condi-
tions occur most often, and with the greatest strength, in
desert regions in the late afternoon, but, as seen earlier,
significant turbulence does occur elsewhere and at
different times of day.

Although few actual climatic charts of turbulence
conditions currently exist, over land solar heat flux charts
and irradiance charts are available, and provide a fairly
accurate idea of those regions where significant over-land
turbulence can be expected. TFigure 41 is an example of such
a radiation chart. Note that, in general, the further away

from the equator, the less solar radiation is received.
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3. Comparison of Mid-East and Central Europe

The Mid-East and Central Europe are two distinctly
different regions in terms of both terrain and climate. The
Mid-East generally is typified by a hot, dry climate with
relatively little seasonal variation in temperature and
humidity except for its southeastern areas, which are
affected by monsoons. Much of the interior is rocky desert
with coastal mountain ranges rising up along the Mediterranean
Sea. Coastal regions on theMediterranean Sea exhibit mild
Mediterranean climates, while similar regions on the Arabian
Sea are significantly affected both by continental air masses
and by maritime air masses.

Central Europe has a continental climate, characterized
largely by cold winters and cool-to-warm summers. There is
a moderate amount of precipitation year-round and relatively
high humidity in the summer months. Coastal regions tend to
experience some modification of the continental climate by
maritime air masses. The terrain varies from relatively
flat, open land in the north to wooded, hilly, and
mountainous terrain to the south.

It should come as no surprise, judging from the
differences in climate and terrz:in, that the refractive
characteristics of these two regions are distinctly
different, as shown in Figure 39 and 40. The Mid-Eastern

desert shows a significantly higher year-round incidence of

YT




Before going any further, it must be noted that all
measurements for the Mid-East are from coastal areas, and,
thus, do not provide an accurate ina. ation of the
refractive conditions in the interior. Figure 42, however,
shows that the incidence of superrefraction and elevated
ducting decreases with distance from the coastlines - in the
Mid-East, and in Europe as well. Figure 42 also highlights
the seasonal nature of ducting and superrefraction by
showing the wide variations between the average percent of
annual occurrence of refractive conditions and the percent
of occurrence for each month, given with the maximum
occurrence of ducting and superrefraction.

Figures 39 thru 41 provide a good indication of
general refractive conditions for these two regions. From
these figures it is apparent that superrefraction and ducting
occur far more commonly in the Mid-East than in Central
Europe. Coastal areas in both regions show the greatest
incidence of these forms of anomalous propagation, with the
Mid-East coastline along the Arabian Sea showing an

extremely high year-round incidence. Europe has a strong

seasonal variation in the percent of occurrence of these two
forms of anomalous propagation, whereas, in the Mid-East,
ti this occurs only along the Mediterranean coast.

.- Subrefractive conditions, mirage formation, and

optical turbulence are far more common in the Mid-East

because of its hot, dry climate. Some incidence of mirage
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Figure 42A., Annual percent occurrence of elevated ducts.
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Figure 42B. Percent occurrence of elevated ducts during
- the month of maximum occurrence. This month

shaal of maximum occurrence varies from region to
o region,
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Figure 42C. Annual percent occurrence of super're'fractive
AT layers (SRLRS).

132




T Y A T T N T LY T T I T T TR TR TR TTL T T—a T at.— e e o~ . 1

P
D M AN

pusse.

Figure 42D. Percent occurrence of superrefractive layers
(SRLRs) during the month of maximum
occurrence. This month of maximum occurrence
varies from region to region.
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formation is found in Europe, particularly over relatively
large bodies of water and in the more arid south, but only
during the warmer summer months. In the Mid-East, these
conditions occur year-round and are fairly regular phenomena.
By referring to Figure 41, it can be seen that the Mid-East
receives a far higher level of solar irradiation annually
than does Europe, and this provides the primary ingredient
for the formation of subrefraction, mirages and optical
turbulence.

4, Conclusions

Although it can be shown, with some accuracy, just
what percentage of the time superrefraction and ducting can
be expected to occur worldwide, and, to a lesser extent,

i[’i subrefraction, mirage formation, and optical turbulence, it
is difficult to determine just where the occurrence of these
refractive characteristics becomes "significant". Such
decisions must be based on each specific weapons system (or
component of a weapons system) affected, and on the nature
of the effects, as well as on the expected probability of
occurrence of anomalous propagation. Much research is being
conducted by the U.S. Army at the Atmospheric Sciences
Laboratory at White Sands Missile Range and at the U.S. Army

Electronic Proving Grounds (EPG) at Fort Huachuca, Arizona.

The research concerns the refractive effects for specific

regions of the EM spectrum, and on specific weapon systems.
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What can be determined by the results of this dis-
cussion is that the various forms of atmospheric refraction
are not rare, and may even be the norm in certain regions of
the world at certain times of the year. Due to the wide
regional variability in refractive forms and in probability
of occurrence, it becomes apparent that each region of the
earth poses a unique refractive problem. For this reason,
when considering military operations in a specific region,
the potential refractive conditions should not be approached
in generalities, but, rather, should be addressed

specifically to the region of interest.
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;! IIT. ATMOSPHERIC REFRACTION AND GROUND WARFARE

A. INTRODUCTION

In Section II of this thesis, the three major fcrms of
atmospheric refraction were discussed. The char-cteristics
of each of these forms and their effects on EM waves
propagating through the atmosphere were elaborated on at
length in sub-Sections C through E. Those discussions
showed the wide diversity of both the forms of refraction
and their effects across the EM spectrum. Sub-Section F
described the factors affecting the ability to predict and
forecast atmospheric refractive conditions, contained a
general discussion of the probability of occurrence of the
various forms of atmospheric refraction across the earth's
surface, and concluded with a description of the conditions
characteristic of the Mid-East and Central Europe.

The purpose of this background was to show that
atmospheric refractive conditions which have a measureable
effect on EM signals should not simply be considered as so
rare or unpredictable that they can be "written off" as
inconsequential. Rather, it has been shown that, at times,

these conditions are quite common, can have a significant

impact on EM signal propagation, and are reasonably

predictable. Of course the probability of occurrence and
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ability to forecast the three major forms of refraction
varies from region to region (and often season to season)
across the earth.

With this general background as a foundation, the
remainder of this thesis will now discuss specific examples
of the effects of atmospheric refraction. This will be done
in two ways - by use of computer simulations and by
qualitative study. The examples will cover the full EM
spectrum and are intended to enhance the reader's under-
standing of this subject as important for the employment of
weapon systems utilizing the EM signals propagating through
the atmosphere.

B. EFFECTS OF ATMOSPHERIC REFRACTION ON TANK OPTICAL FIRE

CONTROL SYSTEMS

This example is based on private communicationsu with
Dr. Don Snider of the Atmospheric Sciences Laboratory (ASL)
in White Sands, New Mexico. This section discusses the
effects of superrefractive and subrefractive conditions on
the accuracy of tank fire. The tank's optical fire control

system (using both visible light and IR energy) and current

The communication with Dr. Snider concerned the effects
of atmospheric refraction on tank optical fire control
accuracy.
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tank gunnery techniques (boresighting, syncinronizing,
ﬁ‘ zeroing of the main gun, and firing at center-of-mass) are

addressed.

Current tank gunnery doctrine, as described in FM 17-12
[(Ref. 24: pp. 4-9 - 4-10], requires boresighting and
synchronizing both sights and main gun, followed by zeroing
the tank weapon systems prior to firing the tank's main gun
and machine gun(s). Boresighting establishes a convergent
relationship between the axis of the tube of the main gun
and its direct fire sight. Synchronization insures that
main gun and sights remain aligned when they are elevated
and when they are depressed. The tank crew is expected to
fire from boresight using telescope and periscope during the
day and, if so desired, the IR night vision sight at night.
At the same time the crew must compensate for drift, cant,
parallax, tube droop and winds on the battlefield. As would
be expected, there are a great many potential sources of

error involved in tank gunnery. The magnitude of the

sources ~f error will vary depending on internal and
!! external conditions (relative to the tank) and on the weapon

and ammunition being fired.

Figure 43 shows a typical tank fire control error budget.
It is currently thought that the most important cause of
error in firing the kinetic energy (KE) round is round-to-
round variation and loss of zero or improper zero. TFor the

slower HEAT round, crosswinds and air temperature extremes
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are thought to cause the greatest errors in azimuth and
elevation. Note that, originally, the figure shows optical
ray bending causing only minor errors in elevation.

| It was the contention of the ASL report that the full
effects of atmospheric refraction were not being considered
in current tank gunnery doctrine, particularly those effects
created in a hot/arid or semi-arid environment. The ASL
proposed that refraction was affecting tank gunnery in two
ways. First, atmospheric refraction could be inducing major
elevation errors at ranges beyond 1500 meters. Second,
those elevation errors currently blamed on other sources
could actually be due to refraction.

1. Atmospheric Conditions Creating the Gunnery Errors

As was previously described in Section II, atmospheric
refraction patterns tend to follow a distinct diurnal pattern
over land. During the day, the surface is heated up by the
sun, and, in hot/arid or semi-arid regions this heating can
cause an atmospheric temperature structure, such that the
temperature decreases rapidly with elevation. This condition
can cause optical turbulence, subrefraction, mirage forma-
tion, or a combination of all three. At night, the earth's
surface re-radiates the heat absorbed during the day into
the atmosphere, often leading to the creation of a
temperature inversion. This inversion is the exact opposite
of the temperature structure that characteristically forms

in the late afternoon. About one-half hour before sunset,
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and some time just after dawn, a condition is formed when
the heat radiating from and into the ground is roughly
equal.

Local weather conditions, such as the presence of a
high pressure region, can have a significant impact on
atmospheric refraction. Depending on the weather conditions
present, the diurnal characteristics described above can be
affected in such a manner as to enhance or degrade either
the subrefractive condition, the superrefractive condition,
or both. Thus, atmospheric refractive conditions can vary
significantly through the day, and from one day to the mnext.

The ASL report was primarily concerned with the effect
of going from a subrefractive condition during the day to a
superrefractive condition (characterized by the temperature
inversion) at night, then back again to the subrefractive
condition.

2. Expected Effects on Tank Gunnery

Since optical signals bend toward the denser medium,
the direction of bending for the diurnal condition described
above would be opposite for day (subrefraction) and night
(superrefraction). This is graphically shown in Figure 38,
If a target were located at a given range, its image would
appear to shift upward at night and downward during the day.
Figures 27A and 27B show such effects, created by a very
strong temperature inversion (superior mirage) and an

equally strong subrefractive condition (inferior mirage).
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It should be noted that a mirage need not be present for the
upward and downward shifting of an image to occur.

Bending of optical rays can cause a gunner to aim at
an image point which is high at night or low during the day,
as shown in Figure 44. Since most tank crews boresight and
zero their tanks during the day, the effects of subrefraction
due to surface heating are largely removed. But this can
result in a much greater error at night, as shown in Figure
45. It should be reiterated here that there is little
difference between the amount of refractive bending of
visible light and of IR energy. Thus, the same errors occur
going from an optical fire control system using visible
light during the day to one that uses IR at night.

3. Experimental Results

An experiment was conducted by the ASL to determine
whether the theorized refractive effects do, in fact, occur.

An American tank, using currently-deployed optical fire
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control equipment and
the experiment, which
Range. An eight foot
tank was boresighted,

day, and compensation

internal sources of error as possible.

made to maintain the correct boresight while firing.

boresight was off

re-boresighted.

by .

fmta"n’ ac

current gunnery doctrine, was used in
took place at White Sands Missile
by sixteen foot target was used. The
synchronized, and zeroed during the
was made for as many external and
Special effort was

If the

1 mils or more the gun was
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Once the main gun had been satisfactorily zeroced, a
series of 5-round shot groups was fired over a two-day and
three-night period. The results of these firings are shown
in Figure 46. This figure clearly shows that the centers-
of-impact of the nightfired groups were higher on the target
than those of the day groups. The group shifts are measured
relative to the center of impact of thé zero confirmation
group.

The inversion and temperature lapse strengths can be
deduced by the relative distance between the day and night
S-round groups. As can be seen, the greatest distance
between shot groups occurred between the first night and the
first day, and the differences between the groups pro-
gressively became less and less. On the first night the
air was calm and clear, resulting in the creation of a
strong superrefractive condition. The second night the sky
was hazy, weakening the superrefractive condition. On the
third night a front moved in, bringing winds and clouds
which all but eliminated the superrefractive condition. The
correlation between shot placement and weather conditions
shows that refractive errors and tank fire accuracy are
greatly affected by weather conditions.

A statistical analysis was performed by the ASL,
proving that the day shots and night shots were from two

statically different pcpulations. The results of this
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analysis showed, at a 95% confidence level, that the distance

between the two shot centers was at least 46 cm.

~ N

o* To bring the effect of the difference between shot

groups into perspective, Figure 47 shows how many of the

e 2
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night shots would have missed the target if the gunner had
actually been shooting at a silouhette of a T-62 tank while
aiming at the base of the turret. This figure is based on
the results of a vertical T-test of the 5-round shot groups,

which determined the one sigma standard deviation in

Ty Pl dotir e
L ) e
. . PR B
Vo AL

elevation and azimuth for each group.
Although the above statistical analysis does show
significant differences between day and night shot groups,

it does not prove that the differences are due to refraction.

To prove this relationship, temperature measurements at
various altitudes above the ground were made concurrently
with the firings. These measurements were made at .5 meter
invervals from 0O-to-4 meters above ground level (AGL).
Apparent elevation angle measurements using a theodolite
were also made just prior to each firing. There measure=-
ments were made so that the line-of-sight of the theodolite
was roughly parallel to the tank's, and was at the same
height AGL. A regression analysis was then conducted, which
showed a definite correlation between the temperature
gradient, the theodolites observed absolute elevation

variations, and the shot pattern elevation shifts during
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firing. These interactions showed a significant relationship
between refraction and firing errors, as shown in Figures
48 and 49.

In order to assess the importance of these refractive
effects, based on the probability of occurrence of the
necessary refractive conditions, the ASL investigated the
frequency of occurrence of those atmospheric conditions
which led to the most significant firing errors. Figures 50
and 51 give a general idea of the frequency of occurrence of
clear skies and light winds in southern Germany and in Iran,
which would roughly indicate the occurrence of refractive
conditions. Note that, for both cases, these conditions can
be quite common at certain times of the year.

4, Conclusions

The results of the ASL experiment showed that a
definite and systematic day/night shift in elevation angle
can occur for certain meteorological and surface conditions.
The values measured agreed closely with what was predicted
by theory. The magnitude of the measured effect was as
great as .8 mr. At longer ranges even larger effects would
be expected. Because the occurrence of temperature gradients
most conducive to the greatest refractive effects is
characteristic of hot/arid and semi-arid regions, it is
expected that gunnery errors of this type will occur most

frequently in the desert regions of the world.
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This type of effect is a characteristic of the
atmosphere and not of any particular sight design. The ASL
is developing two refractive prediction models for use with
tanks. The first model would use a micro-computer, require
extensive input, and provide an accurate prediction of
existing refractive conditions. The second model would be
small enough to be placed within the fire control computer
of the tank, and would only use input readily available to a
tank commander. The output of this model would provide the
tank commander with the guidance needed to correct for
Ppredicted refractive effects. Another idea would be to
develop simple rules-of-thumb which could be used by a tank
commander to predict refractive conditions and to provide
recommended compensatory actions.

Theory predicts a similar effect at MMW. If true,
these effects must also be considered in any research

currently under way into using this region of the EM

spectrum.

C. COMPUTER SIMULATION 1 - THE EFFECT OF REFRACTIVE

CONDITIONS ON U.S. TACTICAL SYSTEMS, USING THE

TROPOPLOT COMPUTER PROGRAM

The purpose of this section is to explore atmospheric |
refractivity effects on actual army systems operating in the |
RF spectrum. A computer program called "Tropoplot" was

used, which predicts long term median tropospheric

transmission loss over irregular terrain. This computer
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program was originally written in FORTRAN by the
Environmental Science Services Administration (ESSA) research
laboratories for Control Data Computers [Ref. 25]. The
program was updated for use on IBM computers by LT James M.
Callaghan [Ref. 26]. A copy of the program is included in
Appendix B.

1. Tropoplot Program Description

The Tropoplot program uses a single surface refractivity
value, and, although developed primarily to describe the
effects of atmospheric refractivity on RF signals, calculates
other effects, such as knife-edge diffraction. The surface
refractivity value is related to a refractive gradient through
a relationship described by Bean and Dutton [Ref. 27: p. 63].
However, the relationship does not provide gradient values
which result in ducting and therefore the program is not used
to evaluate systems operating in the presence of ducts.

Other phenomena which affect communications systems, such as
short and long term fading adjustments to median attenuations,
are accounted for in the program by using factors taken from
actual measurements made on various communications systems.
All variables except the surface refractivity were held
constant for the data runs in order to investigate only the
effect of refractivity over the transmission path.

An interdecile range is used to characterize the
terrain. The ESSA report and the Callaghan thesis describe
the interdecile height correspondence of various types of

terrain. This relationship is shown below.
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TYPE OF TERRAIN ASYMPTOTIC VALUE

(meters)
CT THE
"INTERCEDILE HEIGHT

Very smooth plains or water 0 -5
Smooth plains 5 - 20
Slightly rolling plains 20 - 40
Rolling plains 40 - 80
i"11ls 80 - 150
Mountains 150 - 300
Rugged mountains 300 - 700
Extremely rugged mountains 700 +

The program is usable for frequencies from 20 MHz to
40 GHz over distances of up to 2,000 kilometers. The surface
refractivity can be varied from 250 to 400 N units. The
ESSA research laboratories [Ref. 25: p. 1] have made empirical
measurements for comparison with the program results and have
found them to be satisfactory.

2. AN/FTPS-16 Radar

The first system used in the program was the AN/FPS-16
air tracking radar. This high power system can be found at
permanently fixed sites. The interdecile range for "smooth
plains" was used. The transmission and reception line losses
were not available, but were estimated to be 2 dB. Many of
the system's parameters are provided in the signal strength

data input section of Appendix B's data run output.
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A "generic" radar warning receiver (RWR) with

characteristics typical of fielded systems was assumed to be

located on an aircraft at a radar range of approximately 125
km and an altitude of 610 meters. This example was used due
to its similiarity to the "standoff" type mission profile
that might be flown by current army surveillance and signals
intercept airborne platforms.

During the data runs, the surface refractivity was
varied from 250 N units to 400 N units in steps of 30 N units.
The range at which the receiver could detect a signal varied
from 117 km (at 250 N units) to 138 km (at 400 N units).

This represented a fairly significant increase in the
distance at which an RWR will detect the radar signal.

The next step involved use of the IREPS program to
compare the same radar in the presence of a strong duct and
in standard atmosphere. Although IREPS is not intended for
use over land, the comparison is helpful in exploring the
similarity of conclusions for Tropoplot and IREPS. The
outputs to the Tropoplot program is provided in Appendix B.

The IREPS results, shown in'Figures 52 and 53, cannot
be meaningfully compared with the Tropoplot results for
several reasons, including the fact that reflective

coefficients are different for land and sea water. However,

-——
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the loss diagram for IREPS in a standard atmosphere versus

1‘
0
1}

that for a surface based duct is interesting. It shows a
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Figure 53. IREPS loss display for the FPS-16 tracking

AT radar operating in a surface based duct.
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loss which causes the radar's minimum detectable signal
Ei T threshold to be reached at about 7% nm in a standard
atmosphere. This is actually the horizon limited value for

the given heights of the transmitter (65 ft.) and target

\ A e 2
N N

?i (2000 ft.). In a strong surface based duct, the path loss
is much less and the threshold is reached at about 350 nm.

The loss diagrams are included in Appendix B.

3. AN/VRC-12 Radio

The second system examined was a tactical radio with
parameters similar to the AN/VRC-12 series used extensively
by the U.S. Army for tactical VHF communications. The
parameters were obtained from the U.S. Army Intelligence
School, at Ft. Devens, Massachusetts, and from FM 24-24
[Ref. 28: pp. 1-12] and FM 24-25 [Ref. 29: pp. 2-161].
Parameters that were not available were estimated, and are
considered to be close to those which actually exist.

For this scenario, two radios are assumed to be
operating over a fairly smooth surface with their antennas
placed on terrain which allows for an antenna height of ten
meters above the immediate land in order to enhance
communications. The refractivity was again varied from 250
to 400 N units, although the increments were increased to
50 N units.

In this example, the results were less impressive
than in the previous case. The maximum range for receptiocn

only varied from 24 km to 26.1 km. Although not shown, a
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simulation of a ground surveillance radar was run, using
actual parameters, which also resulted in little or no
change in the maximum detection range of 3000 meters,
regardless of surface refractivity.

The results of these latter computer runs suggest that
refractivity may not be critically important for shorter
range, lower power systems, a fact that is not totally
unexpected,

4, Conclusions

Although it does appear that refractivity plays a
critical role in the quantitative effects on RF signal
propagation, further study, using a program for irregular
terrain with strong vertical refractivity gradients, as
opposed to a surface refractivity value, is necessary to
define more precisely the critical ranges for refractivity.
At present, there do not appear to be any programs which
have this capability.

COMPUTER SIMULATION 2 - THE EFFECT OF HORIZONTAL

REFRACTIVE GRADIENTS ON ATIRBORNE DIRECTION FINDING
ACCURACY

D.

Airborne Direction Finding (DF) systems provide

critically important support to U.S. Army tactical commanders.
Systems which will provide enhanced accuracy are currently
being planned or fielded. In general, accuracy is dependent
on the system's ability to measure individual lines of

bearing (LOB) to the target emitters and on the precision
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with which the navigation system can determine the airborne
platform's location. TFive major causes of error, which are
independent of a DF system but which affect its ability to
measure LOB's are reflections, re-radiations, diffraction,
refraction, and fading signals [Ref. 10: p. 2]. The purpose
of this section is to investigate the impact of refraction
on DF accuracy through the use of computer simulation.

It is important to recognize typical situations where
refraction could cause problems. These include geographic
areas where rapid changes in temperature and humidity (and
sometimes pressure) occur in the horizontal plane. Such
areas include broad river valleys, or large bodies of water
surrounded, at least partially, by land, and coastal
regions. In such areas the geometry involved in taking LOBs
may vary greatly, depending on where the refractive gradient
occurs in relationship to the emitters and the DF platform.
This simulation used a fixed situation from which it is
possible to extrapolate to other circumstances. This
procedure is explained further in sub-Section 4.

This section is organized into several sub-sections.
Section 2 provides a brief general description of DF and of
the tactical scenario used in the simulation. Section 3 is
a basic description of the program, including the
assumptions and algorithm. A copy of the program is
included in Appendix C. The final section describes the
simulation runs, the results of the simulations, and the

conclusions.
162

____ . o e s e e s ~ - . NN
LT, . e - « <L - - . S, " >
2 - Bt S Ml A B Al il A Rk X 0 X it e WA M Al m st

*e e ~




b
»
[
"
U
le
w

-’.'4
2 e
LI

ST

T~

- - S . - - - - - . - AT alT D "-'-.'A” . . . -, -
PYLE W LS N ARV TR TR VY PN AT DI IV U U S e e e

It was necessary to reduce the amount of output from the
simulation since a large number of L0OBs, fixes, and other
data was generated on each "flight" across the tactical
area. The thesis contains examples of the pertinent data
and graphic representation of the output in this section and
in Appendix C. In addition, it would be possible, but not
practical, to do a number of sensitivity analyses by changing
the variables in different combinations. For example, the
depth of the refractive area, the horizontal gradient, or
the depth of the emitters could be changed, either singly or
in combinations. However, the purpose here was to make
representative changes in the variables from which it would
be possible to draw definitive conclusions.

1. General Description of Direction Finding and the
Tactical Scenario

Airborne DF systems operate, basically, like ground
based systems, except that they must also determine the
aircraft's location at all times. This is normally done
using an inertial navigation system (INS) with some type of
external update. The aircraft flies a preplanned course,
often a "racetrack" pattern, while taking LOBs on target
emitters. These are entered into emitter LOB files and are
eventually correlated into fixes, a term used to describe
the target's calculated location. The emitter files may be
sorted by frequency or by other parameters. Most systems

use further correlation or refinement to "throw out" some of
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P /N fix, due to poor geometry, the emitters in the simulation
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the fixes which do not fit the main distribution of fixes.
Reports on emitters usually include an elliptical error
probable (EEP) to allow for the expression of a confidence
factor in the fix accuracy. The simulation computes an
"average" fix based on all of the correlated fixes.

A simple type of DF gystem uses a "two-bearing" cross
(TBC) to produce fixes. In this system the point where two
LOBs cross is a fix. The accuracy of the fix improves as
the angle formed by the two LOB's approaches ninety degrees.
In this simulation, a TBC routine is used to produce fixes.

The simulation used a corps level DF mission along a
corps front of 200 kilometers. This is reasonable for a
three division front. A single aircraft was used, although
some systems use two or more in order to provide geometry
that will allow almost instantaneous fix determination
without having to fly long distances. The aircraft flew at
a cruise speed of 200 knots and required a little over 30
minutes to fly the front. To simplify the simulation, the
aircraft flew the same baseline on each sweep of the corps
area.

Four emitters were used in the scenario and their
distance from the corps FLOT could be varied (see Figure 5u4).
The deeper locations are particularly applicable to the
tactical concerns of a corps. Since emitters located close

to the corps boundary would be difficult to accurately
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were placed well within the corps lateral boundaries., Of

a ‘ course, in an actual situation, some compensation could be
- made for this geometry problem, such as an interface with DF

assets of any adjacent corps. Three of the emitters (A, B,

and C) are set up to evaluate errors from refraction and
Emitter D is used to compare other types of error, such as
DF system error or platform location reporting error, with

refractive error. Emitter D, therefore, is not affected by

refractivity. All of the emitters can move about within the

200 kilometer area which corresponds to the aircraft

E baseline., The aircraft was assumed to be flying parallel to
an area with a refractive gradient similar to that found
along a coastline, taking fixes on land based emitters. The

‘!1’ gradient area has a uniform horizontal refractive grad:.ent
(see Figure 55). The depth of this area can be variec a

order to evaluate the effects on lines of bearing which are

bent over long or short distances. Any refractive gradient
value can be used, except zZero.

With the exception of Emitter D, an LOB departs the
emitter in a straight line, passes through an area where it
is refracted, and departs that area in a straight line
which, like the previous straight line, is tangent to the
arc. The LOB arrives at the baseline, where the angle of

arrival and the position are recorded (see Figure 55).
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;fﬂ_ The program does not examine the effects of vertical
ﬁi } changes in refractivity since the ray tracing problem

i; becomes extremely involved when working with both horizontal
and vertical ray tracing.

2. Algorithm Description

Throughout the program, a concerted effort was made

to eliminate as many assumptions as possible, or, at the

very least, to make assumptions which closely resembled real
world circumstances. In addition, a graphic output was
chosen over other output forms, such as statistical tables,
as graphs are most effective in quickly evaluating where the
fixes were computed.
The following assumptions are pertinent to the

understanding of the simulation:

1. Flat earth geometry.

2. LOBs are taken every 15 seconds and emitters are
selected using a uniform distribution.

3. LOB angles are taken with respect to the aircraft's
longitudinal axis.

4, All emitters can be received at all times during the

flight.

5. The aircraft track is along the Y = 0 axis. The

-
s
-
.-

emitter depths assume a standoff range in order to provide
b
t? aircraft survivability in a high-threat air defense
b
k- environment.
E! iﬂﬁf 6. Emitter positions are fixed for each mission.
R 168
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In reference to Emitter D, a set of preset flags
controls the "on-off" condition of the variables. These are
described in the first part of the program (see Appendix C).
Basically, these flags control introduction of LOB error,
navigation error (drift or random), and navigation system
update. During the majority of the simulation runs, LOB
system error was used only with Emitter D. This allowed
comparisons with the other Emitters (A, B, and C) which had
refracted LOBs, but which were not subject to system error.
Navigation error was not used as a variable in any of the
runs, since earlier simulations showed it to be less of a
factor than LOB system error. One simulation run was made
in which Emitters A, B, and C were affected by both
refraction and system error, as noted in the data (see
sub-Section 3).

During the simulation, the flags were turned on only
when a comparison of system error versus refractivity error
was desired,

The algorithm which follows can be described quite
briefly, even though the program itself is fairly large. An
aircraft is started on a track with constant updating of its
actual and reported positions. It selects an emitter,
calculates the LOB to the emitter, and stores both the LOB
and the position where the LOB was received. In the case of
Emitter D, the actual and reported aircraft positions are

recorded., After each LOB is taken, position on the track is
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checked., If the aircraft is at a boundary of the corps
area, a subroutine is called in to correlate the LOBs into
fixes, calculate an "average" fix, and plot the output or
summarize the output statistically.

In order to validate the results, simulation runs
were made using identical programs, except that variable
values were reported after each step. A check was then made
of selected data, both qualitative and quantitative. For
example, the LOBs were checked qualitatively to ascertain
whether their values approached that of a normal drawn from
the baseline to the emitter, as the aircraft approached the
normal. They were checked quantitatively by using a hand-
held calculator to verify the angles. Many other checks
were made, including a run with the dN/dX (refractive
gradient) value close to zero in order to determine i1 any
fix error was present. As a final check, large variations in
gradient area and refractivity were introduced to insure they
had the expected effects on the fix accuracy.

Figure 55 illustrates the basic geometry used in the
simulation. The LOB on the left would be placed into one .
file and that on the right into a second file. Later, after
the aircraft had reached the end of the baseline, the two
files would be checked and the two LOBs would be correlated
into a fix. The correlation routine checks every possible

combination of LOBs which produce fixes.
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The program can calculate a dN/dX value from inputs
of temperature, pressure, and humidity for two different
areas separated by a "gradient" area, as used in the

simulation. In addition, a dN/dX value can be inserted into

the program to facilitate sensitivity analysis. Different
types of data can be produced by use of "write" statements
located throughout the program. For example, the program
will print out all of the LOB angles along with the locations
where they were taken.
An outline of the basic algorithm follows:
Initialize variables.
Calculate a dN/dX value.

Use a random number routine to vary aircraft start on

R track.
w

Establish a loop to control round trips of the corps front.
Update actual aircraft position.

Check to see if aircraft has completed left to right
sweep; otherwise continue.

Option for random nav. error, update reported position.

Option for drift nav. error, update reported position.

Option for LOB error.

Select emitter from uniform distribution.

Check aircraft position, if past point where a normal
drawn from the emitter to the baseline would hit the
baseline, set storage flag (Emitter D only).

For Emitters A, B, and C use a slightly different routine
to calculate the angles - one which depends on the aircraft
location on the baseline.

ﬁ!;; Calculate angle to selected emitter, in radians.
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Convert angle to degrees.

A Calculate location where LOB was taken (Emitters A,
(| B, and C).

Check to see if the aircraft position is past the normal
points (A, B, and C).

~ Call a subroutine to store the LOB, actual and reported
aircraft position (Emitter D).

: Call a subroutine to store the LOB and the position
- where the LOB was received (A, B, and C).

Check to see if a right to left sweep is complete.
If complete, call a correlation subroutine.
Otherwise, continue flying and taking LOBs.
Update aircraft position.
Go to emitter selection.
- End of loop.
ijfi Subroutine to store LOBs (4),.
Select one of two LOB files based on flag.

Store LOB, actual position, and reported position in
proper file (D).

Store LOB and position received in proper file (A, B, or C).
Return to main program.

Subroutine to correlate LOBs.

Establish 2 loops to check every possible combination on
LOBs in the storage files for each emitter.

Establish a counter.
.;3:‘
a | Add 2 LOBs together and make a check for acceptable
o geometry. This is optional: for further information,
A see text.

Determine vertex angle and coi.vert to radians.
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............

Calculate distance between both LOBs at baseline.
Convert LOB angles to radians.

Calculate length of one side of two-bearing cross from
vertex to baseline.

Calculate the Y coordinate.

Add in Y nav. error (D).

Calculate the X coordinate.

Add the X coordinate to reported aircraft X position.

Keep a running total of the X and Y coordinates for all
fixes.

End of loops.

Call plot routine for fixes.

Calculate average X, Y, and average fix error.
Call plot routine for X, ¥, and average error.
Return to Main Program.

3. Results and Conclusions

The graphs and tables in this section and in
Appendix C, represent the data resulting from the multiple
runs of this program. Since one graph for each emitter
could be produced on each sweep of the corps area, it was
necessary to limit the amount of output considerably. This
was done through condition statements which allowed for
sampling of data via collection from selected sweeps. Due
to the uniform distributions used and the geometry, there
were differences from sweep to sweep, as would be expected
in the real world. Therefore, data used for comparison

purposes were taken from the same sweep.
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One of the first problems encountered concerned "angle
gating". This problem is related to the geometry of the
two-bearing cross used to determine fixes. Ideally, an
angle of ninety degrees formed by two LOBs (known as the
vertex angle) would give the best fix. However, because of
various factors, including width of baseline, emitter depth,
emitter proximity to corps boundaries, and the necessity to
have several fixes for better averaging, it was necessary to
specify an angle gate which would provide acceptable
geometry and yet allow for several fixes on each sweep for
each emitter., This was done by using a hand-held calculator
to determine the maximum and minimum possible vertex angles
for each emitter at all ranges. Throughout the data runs,
the accuracy was highly sensitive to the angle gates. This
results from the fact that narrowing the gates eliminates
some of the outliers in the data.

The first simulation run checked the program by using
a dN/dX value close to zero to indicate negligible fix error.
The results showed that double precision was required in the
program (due to division errors by numbers close to zero).
The results are shown in data Table C-1 in Appendix C.

The initial simulation runs compared the effects of
different amounts of refractivity on the fixes. The data
is presented in Graphs 1, 2, and 3, on the following pages,
and summarized in Tables C-2, C=3, C=4, and C-5, in Appendix C.

The size of the gradient area was held at a constant 15kilometers
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L during these runs. The output shows that the refractive
index did have an effect on fix accuracy, but there were no

cases where the error was as high as fixes produced with an

E LOB system error of 2.0 degrees (Emitter D). Even with

3

b

? dN/dX = -150.0, the errors for Emitters A, B, and C did not
exceed 500 meters. Part of this is due to a "cancelling"

2 phenomenon, which will be explained further.

A gradient of -150 N units could not occur over a 15
kilometer area since the range of N values would greatly
excéed the norm. However, there is a case where the geometry
could cause individual LOBs to travel for a fairly long
distance through a strong gradient. This situation is
illustrated in Figure 56. The individual LOB departs the
emitter and travels in a direction which roughly parallels
the refractive gradient. This results in the ray being bent
over a longer distance, thus introducing greater error.
Although extensive changes to the program would have been
required to reproduce this particular geometry exactly,
simulation runs were made with large gradients over areas of
15 to 30 kilometers in order to investigate the effect of
strong gradients and longer distances on LOB accuracy. The
results are shown in Graphs 4, 5, and 6, on the following
pages, and are summarized in Tables C-6 and C-7 (Appendix C).
As shown, this situation produced the greatest error from
refractivity, particularly for the deepest Emitter (C),

where the error exceeded 700 meters. The data appeared to
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Emitter

Gradient Area

Baseline

Figure 56. Diagram of a Retracted Line of Bearing
Using Alternate Geometry.
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reflect some "cancelling" effect. This resulted when LOBs
refracted in one direction were correlated with LOBs refracted
in the opposite direction, causing some lateral error to be
cancelled out. The error, therefore, occurred mainly in
range (Y-coordinate) and is shown in the fix data by the
reported fix being deeper in range than the actual location.
In order to investigate this further, a run was made where
refracted LOBs from Emitter A were correlated with straight
LOBs in a situation like that depicted in Figure 54 (i.e.,
refraction occurs over a large area). An LOB system error of
1.5 degrees was also introduced. The results are shown in
Graphs 7 and 8 on the following pages, and Table C-8 of
Appendix C. Note that Emitter A's fix error greatly
increased from previous runs, exceeding Emitter D's error in
fifty percent of the cases.

The primary conclusion to be drawn from the simulation
is that horizontal refractive gradients can be a problem under
certain conditions, but that, generally, system errors will
induce greater LOB inaccuracy than will refractive effects.
The worst case is the problem shown in Figure 56, where the
LOB is refracted over a long distance and the refracted LOBs
are correlated with straight LOBs. However, if the
possibility of these conditions exists, measures can be
taken to minimize their impact. For example, the correlation
software routine could ignore fixes produced by LOBs which

came through an area of suspected strong refractivity, or a

183

...... . e et .
AR AT R PRt v PSRN L S B L . J
- et S 8 e e B B A B AT 8 e 2 B e " e e T 2 A B w e wm A Wt AT e Tl e T e T e e




COMPUTED FIXES FOR EMITTER A

108 -
84 b
08 b
0

01

Y COORDINATE (KILOMETERS)

o8 ,,ﬁ,lﬁﬁ,ﬁ,,,,
{ ] T8 7 78 70 80 81 82 as 84 a8
X COORDINATE (It{LOMETERS)

Graph 7.

184

..........




COMPUTED FIXES FOR EMITTER T

108
] : : : : : : ; : :
1°‘i.n“”n§ ......... % ......... ? ......... 3 ......... % ......... é ......... % ......... % ......... % .........

1 : : : : : : : : :
’o‘_ ......... ......... ......... ......... ......... ......... ......... ......... ...... .
] : : : : : : : +

102? ......... % ......... % ......... ; ......... % ......... é ......... g ......... % ....... G SO SN % .........

1 : : : : : : : + :
1 : : : : : : : + :
101_:..........:.........E ......... R SRS TR TR R TR TR E St Fa S
] : : : : : : R g :
: +

1 : P : : : : e :

...... UESUUTUUUUIEI . SUUUE SUNUURUE SURURNRUES EUOURRUNE SUUURUURIE SUPUTE: SO0 SUNROPRNE USSR
: : : : : : : o :
. : : : : : : A S :

’.j“"“ufuuuugﬁt ..... é ......... ? ......... é ......... g ......... % ......... ? ......... ? .........
1

Y COORDINATE (KILOMETERS)

LOB ERROR EQUAL TO 1 6 DEGREES

";—FrrvfwvwﬁTww#quv T ;..
78 78 7 78 7‘ 00 .1 82 .3 .4 a8
X COORDINATE (KILOMETERS)

Graph 8.

s
- -
.
l-‘
=
"\
.
” N

1

L3 T B S
D

AR

o 185

e e .. .
IIIIIII w
ha i it m>KLaL..; A

T A S
IR . PO T T T i DU



correction factor could be introduced for refracted LOBs.
Since good refractivity data would be very difficult to

obtain in the emitter area, the software routine could employ
a predictor system for LOBs to check for any that consistently
arrive at the baseline at a different angle than would be
expected. This would require close operator interface and an
assumption that the baseline of the aircraft is long enough

to allow sufficient LOBs to be taken which do not pass through
an area of strong refraction. Although correction tables are
sometimes used to correct DF errors arising from known
refractive conditions, they are not a practical solution for
mobile DF systems [Ref, 10: pp. 4-71].

This simulation pointed out several areas which could
be studied further. These include a computer simulation which
exactly reproduces the geometry of Figure 56 or one which
looks at a time-of-arrival system working in an area of strong
refractive gradients. The latter could involve some extensive
work, since vertical gradients could not be considered
independently. Both vertical and horizontal bending would
affect the time of arrival.

The magnitude of the effect of horizontal refractive
gradients is dependent on many factors, including the
emitter depth, the strength of the gradient, and the distance
the LOB travels through the gradient. In many cases, the
:2 effects of inherent system errors will be greater than any

refraction induced errors. Since refractivity errors are
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often random and difficult to predict, attempts to correct
or compensate for them may be hard to implement. Although
improved software routines and other techniques may be
effective in improving accuracy, the best procedure may

be to recognize possible areas of strong refractivity and

to use the fix results accordingly.

E. SCENARIO

The purpose of this Section is to show, by means of a
general ground combat scenario, the large number and variety
of U.S. Army systems that could be affected by atmospheric
refractivity and the wide range of the resulting effects.

1. Scenario Background

To provide an extreme but not unusual atmospheric
ﬂl refractive situation, a Mid-Eastern coastal scenario will be |

used. A mechanized division, with the necessary corps

supporting assets, has deployed to this region during a
period of increased tension, but before any actual combat F
has occurred.

The mechanized division has three brigades on line,
a tank battalion held in reserve, and a strong covering
force forward of the front line of troops (FLOT). Since
this description is not meant to be a lesson in ground
combat operations, little further effort will be spent on

describing the disposition of or organization for combat of

the elements of the division.

v e
.
rF_s

EA A
2% "2"%
»
«

FE";.'
- e W ]

(3
*
[

-
)

187

L}

-
¥
L




The division has one flank anchored in a coastal
mountain range, adjacent to another U.S. division, and the

other flank is anchored in the sea. The division is currently
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located in a blocking position across a major high speed
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avenue of approach, as shown in Figure 57,
The division is deployed in an arid, desert region,

characterized by large areas of sand and rock of generally

good trafficability, interspersed with impassable semi-
forested mountains, sand dunes, and ravines. Very little
vegetation exists in the region except on the upper slopes
of the coastal mountain range. The temperatures at this
time of year range from the 70's at night to 110 degrees
during the day. Days and nights are often clear, but,
vision can quickly be obscured by violent sandstorms.

In this scenario, two days and one night will be
considered. On the first day the extreme daytime tempera-
ture leads to the creation of a strong subrefractive
condition over the coastal strip which is strengthened by an
inferior mirage from the coastal range to the sea. The high
temperatures and onshore breeze also lead to high
turbulence, throughout the day, along the coastal strip.

That night, a high pressure area begins moving
slowly into the region, enhancing the superrefractive
condition created by the radiation of heat from the desert
surface. Some turbulence exists but not nearly so severe as

that which existed during the day.
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During the second day, the high pressure area leads
to the creation of an offshore flow of dry, hot air and
results in the creation of a strong elevated layer and
surface duct that extends inland almost tc the coastal range.

2. Atmospheric Refractive Effects

a. Optical Effects

The presence of the subrefractive condition,
inferior mirage, and optical turbulence on the first day
will significantly affect many of the division's optical
surveillance, fire control, and tracking systems.

The distance at which the mirage begins will
limit visual observation, by ground observers, of areas to
the front of the division's covering force. Mirages can
significantly affect optical systems as close as 1000 meters.
In any combat, this near boundary of the mirage can reduce
the detection and engagement ranges and accuracy of
direct-fire weapons, particularly if optical turbulence is
also severe. In a like manner, the presence of the mirage
condition and optical turbulence could also reduce the
effectiveness and range of laser rangefinders and laser
designators.

Some relief from these adverse refractive
effects can be gained by placing observers as high above the
surface of the coastal strip as possible. Those observers
located above the top of the mirage, either on the

surrounding high ground or in aircraft, will be unaffected

by the mirage.
1490
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Another adverse refractive effect would result
if the division's tank main guns are boresighted and zeroed
during the first day and fired the first night or second
day. As explained in Section III,B., the result of such a
situation could be significant reduction in tank main gun
accuracy during night firing and during the second day.

Some bending of IR paths will occur at night due
to the superrefractive condition, but the effect of this on
FLTIR systems would probably be insignificant.

The ducting on the second day would result in
a weakening or total absence of the inferior mirage seen on
the first day. Thus, visual observation and laser designation
and rangefinding systems would be more effective on the
second day, although optical turbulence might still be quite
strong.

b. Effects on Communications and Electronic Warfare
Systems

Desert regions, in general, have an adverse
effect on RF communications. Some of the effects include
difficulty in adequately grounding communications systems,
existence of a weak HF ground wave, and a generally low
surface reflectivity, all of which lead to a significant
shortening of HF, VHF, and UHF communication ranges.

The presence of the subrefractive condition on
the first day, although causing some bending of ground-to-

ground communications signals and ECM jamming signals, will
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not result in any additional significant loss of range. This

is not necessarily the case for air-to-ground communications
:ﬂ and jamming. The existence of the subrefractive layer over
E% the surface of the coastal strip will set a limit on the
. minimum angle, from the aircraft to the ground station, at
which communications will be dependable between the two
stations. This latter effect will also place some limit on
friendly airborne communications intercept and direction
;£ finding (DF) capabilities for platforms located behind the
FLOT and attempting to acquire and DF hostile communications
emitters. The height of the aircraft above ground, the
distance to the ground communications system, the power
output of the airborne system, and the strength, height, and
‘ir' extent of the subrefractive condition are all critical in

determining the overall effect.
The accuracy of airborne and ground based DF
systems can also suffer from a horizontal atmospheric

L refractive gradient created by the juxtaposition of land and
: sea air masses along the coastal zone. These errors can be
quite significant, as shown in Section III.D.

The night time superrefractive condition and the
ducting occurring during the second day, both of which are
surface based, will tend to extend communication ranges of
those signals operating within these conditions and above or
near the minimum trapping frequency, fm. This will serve to

o increase the distance between ground based units, for which
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RO communications will be considered reliable, and also the

% S distance from jammer-to-target at which jamming will be
e effective. Communication intercepts of distant hostile
jﬁ emitters will similiarly be enhanced. In a like manner,

hostile Electronic Warfare (EW) units will be able to jam,
=Eﬂ intercept, and DF friendly communications from greater
2 distances. Terrain features may, however, override the
- effect of the superrefractive condition, and, in any event
the actual enhancement may be only a few kilometers for
ground based systems, as shown in Section III.C.
c. Effects on Noncommunications Emitters
- The division's noncommunications emitters,
o . primarily radar, are spread throughout the division and
LV e serve a variety of purposes.
The accuracy of the division's counterbattery/
.:ﬁ countermortar radars may be degraded by the subrefractive,
superrefractive, and ducting conditions. The extent and
&{ nature of such atmospheric refraction produced errors in
: the Firefinder radar is currently a subject of interest.
Ground surveillance radar systems will suffer
very little from atmospheric refractive effects, since these
systems are operated over relatively short ranges and are
A directed along the surface of the earth.
- Ground based air defense radars, however, can be

adversely affected by all forms of atmospheric refraction.

. - The first day's subrefractive condition will result in
ii e errors in both angle and range, but will be unlikely to
)
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affect early warning or tracking radars significantly. The
first night's superrefractive condition will cause radar
signals to bend in the opposite direction from those

propagating during the day, and will thus cause angle and

range errors in air defense radars; but, again, because of
the nature of the radar's purpose, these errors will
probably be insignificant. The strong ducting occurring on
the second day will result not only in larger angle and
range errors than those occurring at night, but will also,
in all probability, result in the development of radar
holes. These radar holes could cause reduced detection
ranges for early warning radars.

Airborne radars, such as the side-looking
airborne radar (SLAR), will suffer a reduction in range as a
result of the subrefractive conditions occurring on the
first day, if the aircraft is flying above the condition.
The superrefractive and ducting conditions of the first
night and second day may result in an extended range for the
SLAR system, but this would depend on the height at which
the aircraft is flying and the height of these refractive
conditions.

3. Conclusions

It can be seen that a multitude of combat systems as
’ well as surveillance and intelligence gathering systems are
affected by atmospheric refractive conditions. An ability
e e . . s
A - to predict the existence of such conditions can go a long
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way towards explaining irregular or "unusual" effects on
army ground systems. The ability to forecast atmospheric
refractive conditions will also provide an opportunity to
take advantage of those effects that can enhance certain
capabilities and to compensate for those that will degrade

other capabllities.
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Ei o IV. CONCLUSIONS AND RECOMMENDATIONS

- A. CONCLUSIONS

It has been the purpose of this thesis to highlight the
effects of atmospheric refraction on ground force's systems
that utilize EM waves propagating through the atmosphere.

To this end, the various forms of atmospheric refractivity
in the troposphere have been described, and their
characteristic effects on EM waves have been examined.
Additionally, specific examples and simulations were used to
expand and to reinforce some of the points brought out
earlier in the thesis.

From the discussions, examples, and simulations presented
herein, a number of points should be apparent. First,
atmospheric refraction in several rélated but different
forms does affect the propagation of EM waves traveling
through the atmosphere. Second, the specific effects of
atmospheric refraction on the different regions of the EM
spectrum will vary, not only with wavelength, but with the
form of the refractive condition. Third, to some degree the
forms of atmospheric refraction can be forecast, given
certain meteorological parameters. In a like manner,

knowledge of the earth region of interest can be used to

predict what form or forms .f atmospheric refraction to

hi expect. Fourth, specific military systems using the EM
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spectrum are affected by refractive conditions in the
atmosphere, and these effects result in the associated
weapons system's performance also being affected. Fifth,

the significance of atmospheric refraction on any given
system is dependent on the form of the refraction, the
strength of the effect, the form and purpose of *the affected
system, and the tactical scenario. There is, therefore, no
easy answer to the question of whether atmospheric refraction
is significant to a system's performance or whether it occurs
often enough to be considered a significant effect. This
latter consideration is dependent on the system affected and
on the region of interest. Sixth, tactics can be developed
to compensate for or to utilize certain atmospheric
refractive effects. Finally, it should be apparent that
atmospheric refractive effects on ground warfare should be
given consideration by the tactical commander.

The ability to forecast, predict, and understand the
effects of atmospheric refraction allows the commander to
avoid being surprised by many of the "unexpected" and
"unexplained" problems that occur in systems using EM
radiation. This ability also provides the commander with
opportunities to use certain refractive effects to his own
advantage.

The tank gunnery results and the simulations in this
thesis indicate that the U.S. Army's primary problems with

atmospheric refraction will occur in the electro-otpics
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spectrum. There are some cases in the RF spectrum where
refractive effects are fairly significant, as when lines of
bearing travel for long distances through a refractive
gradient. However, the effect on electro-optics (and
possibly millimeter waves) over relatively short distances
is more significant. Due to the shorter operational ranges
of most EO systems, as compared with RF systems, the
possibility of detecting and correcting refractive problems
in this region may also be greater.

In short, it is hoped this thesis has shown atmospheric
refraction to be worth further consideration and study. In
the next sub-section a list of recommendatiors for the

direction of further studies, is provided.

B. RECOMMENDATIONS

Following are recommendations for further study of the
effects of atmospheric refraction on ground warfare, and
additional recommendations as to when and where this
subject should be considered.

1. TFurther study of the wavelength dependence of
refractive effects is needed.

2, Atmospheric refraction should be a consideration in
system design, particularly in system testing.

3. Study is needed concerning atmospheric refractive
effects on specific systems (e.g. AH64 FLIR, Firefinder

Radar, JSTARS, etc.).
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4. As a result of studying the effects of atmospheric
refraction on specific systems, methods should be developed
to compensate for and/or take advantage of these effects.

5. An effort should be made to relate the effects of
dispersion, extinction, reflection (multipath), and
diffraction into the overall picture of atmospheric
propagation.

6. TFurther study is needed on determining the causes of
atmospheric refraction in its many forms, and into those
meteorological parameters needed to forecast atmospheric
refractive conditions accurately.

7. A greater understanding of the reflection
coefficients for various vegetation and terrain types and
their impacts on EM propagation is needed before a
prediction model can be developed.

8. Development of a systems ﬁrediction model along the
lines of the Navy's IREPS model is a must.

9., Once a prediction model is under development, a
study will be needed to determine who, within the Army's
organization, will measure the metecrological parameters
needed to predict atmospheric refractive effects.
Determinations must also be made as to whom the responsibility
for operating the prediction model will be given, to whom
the data will be disseminated, and to whom the data will be

disseminated.
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APPENDIX A

IREPS

The U.S., Navy has been aware of the effects of the
atmosphere, particularly of atmospheric refractivity, on EM
waves since at least World War II. However, until recentlv
the exact nature of these atmospheric refractive effects,
and therefore an ability to accurately predict them, has
been non-existent.

With the introduction of an Integrated Refractive Effects
Prediction System (IREPS) by the Naval Ocean Systems Center
(NOSC) of San Diego, the Navy has now developed the
capability to predict atmospheric refractive conditions at
sea. IREPS uses a desk-top programmable computer (HP 98u45)
with a graphic display to provide evaluations of the effects
of refraction on surveillance, communication, electronic
warfare, and weapon svstems. This system is currently
being installed on all Navy aircraft carriers, to be used as
an aid in developing tactics tc assess, compensate for, and
take advantage of refractive effects at sea. Eventually,
other atmospheric effects will also be integrated into the
IREPS program, along with the PROCAL-PREQOS airborne FLIR
performance model, in order to develop a more comprehensive

prediction system for future use.
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It is important to note that the effects of concern in
IREPS are only significant at EM frequencies above 100 MHz,
are considered only for the lower atmosphere (troposphere),
and only éver water.

1. Products of IREPS Model

There are eight basic products that can be generated
by IREPS, according to the IREPS Revision 2.0 User's Manual
[Ref. 30: p. 30]. Each product is dependent on a variety of
data that must be entered into the program. For the first
product, only the latitude and longitude are needed, but for
the remaining seven products, a variety of on site environ-
mental data are required. Each product is displayed on the
minicomputer screen, and can be printed on an 8 1/2-by-ll-inch

w page. The eight products are:
a. The Historical Propagation Conditions Summary
Figure 58 is an example of the Historical

Propagation Conditions Summary. This product provides a
description of the refractive average conditions for the
geographic location specified by an input longitude and
latitude. A refractive profile can also be generated for
this region by season and by conditions of darkness.

b. The Environmental Data List

Figure 59 is an example of the Environmental
Data List, used primarily for checking values of radiosonde
data entered into the program, such as pressure, temperature,

P and relative humidity. Values that are produced and printed
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HISTORICAL PROPAGATION CONDITIONS SUMMARY

- Specified location: 32 06 N 117 00 W
XY Radivsonds source : 72290 32 49 N 117 Q7 W
~ Radiosonde station height: 407 Feet
p - Surface obs source: MS120 35 00 N 120 2@ W .
PERCENT OCCURRENCE OF ENHANCED SURFACE-TN-SURFRCE RADAR. ESM.COM RANGES:
FREQUENCY YERRLY WINTER SPRING SUMMER AUTUNM
day nit dinjdav nit dénlday nit denlday nit dinlday nit d4&n
109 MWz 3 3 3 2 3 3 3 2 < S 3 4 3 4 3
1 GHz 35 20 28| 34 23 29| 31 1?7 24} 37 13 2?| 2€ 24 30
3 GHz2 41 26 23! 39 29 34| 38 21 29| 44 22 33| 42 31 37
6 GHz $3 35 34| S2 49 46| %0 30 40| %3 228 48] %% 4 48
10 GHz ™ 81 53| ?4 65 69| TS 60 68| S Se4 65| S 63 Ve
20 GHz 88 53 85| 87 8% 96| 68 82 86| 89 30 94 35 83 g6
SURFACE BASED DUCT SUMMRRY: —
PARAMETER YEARLY WINTER SPRING SUMMER RUTUMN
day nit d&n|day nit deknlday nit dtnldav nit den|dai nit d&n
Percent occurrence] 25 22 23| 18 26 22 ¢4 1S 20| 33 1 27| 23 @ <9
AVG thickness Kft .44 .28 . 40 .70 ’ .38
AYG trap freq GH2 .89 .86 1.4 .38 .78 j
AVG 1yr grd -N-Kft 91 93 90 974 a3

ELEVATED DUCT SUMMARY:
PARAMETER YEARLY HINTER SPRING SUMMER AUTUNMN

day nit _denjday nit dtniday nit denjday nit d&njda; nit din
Percent occurrence| 42 S4 48| 28 28 33[ 47 65 S6| Se 2 o4 3¢ 41 39

e AVG top ht Kft c.S 2.7 2.6 2.2 2.6
" AVG thickness Kft .68 .42 .64 rd .56
AVG trap freq GHz .20 .30 .18 .11 23
AVG tyr grd -N/Kft ’e "7 T1 68 Tt
AVG Yyr base Kft 2.2 2.9 2.2 1.7 2.3

EVAPORATION DUCT HISTOGRAM IN PERCENT OCCURRENCE:

PERCENT OCCURRENCE YEARLY WINTER SPRING 3JMMER RUTUMN

day nit denidav nit d&ni day nit denlday nit d&nldav nir di&n
— 3 a2

9 to 190 Feet i [3 6 3 [ [3 4 S 8 3 v [3 v 3

10 to 20 Feet 9 16 13} 10 1% 12 8 1S 11 9 19 14 3 16 12

20 to 30 Feet 1?7 27 2zl 16 2z 2@} 17 26 211 19 33 2 16 24 ¢

30 to 40 Fee 17 21 19} 1S 28 (7] 18 24 21| 20 23 21{ 14 19 1e

49 to %9 Feer 11 19 11} 19 11 11 12 11 t3]| 11 9 18] 11 10 11
- | S0 1o 60 Feet [ S [ 3 [ [ [ S [ [ 3 ] ? S 3
. . 50 to0 79 Feet 4 2 3 S 4 4 4 2 3 3 1 F H ) 4
- ’0 vo 80 Feet 2 1 2 3 i 2 2 1} 2 2 1 1 3 Z 2
~ 80 10 0 Feer 21 1l 2 1 1] 2 1 2] 1 1 1] 2 1 2
- 90 10 1080 Feet 3 1 1 t ] 1 1 [} 1 1 [) 1 1 1 1
" apove 190 Feet 24 3 7l 27 11 19| @3 1t 1?] <ce S 1eg| av 11 19
Mean he:ght Feer 71 4% S8] ?7 48 62| YO 48 36| 63 33 49) D 42 62

GENERAL METEORCLOGY SUMMARY:
ARAMETER YEARLY WINTER SPRING SUMMEFR AUTLIMN

day nit d&niday nmit Jdirnlday nit dénjday nit dZnldac mit dtn

% occur ELLSD dcts 4 3 L] 6 3

% occur ¢+ EL dcts 8 4 9 14 6

AVG station N 330 321 329 343 326

AVG station -N/Kft 19 16 e 24 18

AYG 3fc wind Kts 92,0 9.1 2.118.7 10 5.1} 19 9.3 9.4|8.7 3.% 9.6/3,3% 3.1 9.0

Figure 58. Historical Propagation Conditions
W Summary Product.
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< IREPS REV 2.0

ssse ENVIRONMENTAL DATA LIST w#ess
. LOCATION: 31 36N 118 36W
; PATE/TINE: 1?7 JUN 00452

: WIND SPEED 12.0 KNOTS EVAPORATION DUCT PARAMETERS:

. SEA TEMPERATURE 18.2 DEGREES C
AIR TEMPERATURE 1S.1 DEGREES C
RELATIVE HUMIDITY 89 PERCENT

. EVAPORATION DUCT HEIGHT  28.0 FEET
. SURFACE PRESSURE = 1008.0 nd
- RADIOSONDE LAUNCH HEIGHT = 68.9 FEET
S PRESS TEMP RH  DEW PT
w LEVEL €] M (49} (%) DEPCC) FEET N UNITS N/Xfrv M UNITS CONDITION
1 1,008.0 15.1 89.9 1.8 60.8 349.9 -20.2 342.9 SUFPER
J 2 1,000.90 14.2 @87.0 2.1 201.6 333.8 15.6 347.2 SUB
9 3 993.¢ 13.9 95.9 2.8 476.6 336.8 -10.9 3%59.6 ' NOPMAL
) 4 982.6 13.3 972.9 0.5 785.3  333.4 -176.4 371.8 TRAP
5 s 972.9 20.4 25.0 20.8 1,071.8 282.9 27.2 334.2 SUB
P 6 962.0 21.3 34.9 16.6 1,364.9 290.9 -20.9 3%6.2 SUPER
. ? 949.0 21.5 27.0 19.9 1,?%1.3 279.7 -9.4 363.8 NORMAL
‘ 8 962.0 20.6 2%5.0 20.8 4,477.3 2%4.0 -9.5 468.2 NORMAL
° 850.8 19.7 25.8 20.7 4,873.5 2%0.2 -7.6 483.4 NORMAL
1 907.4 20.0 235.0 20.7 6,339.1 239.9 -6.0 542.3 NORMAL
11 726.0  14.5 34.9 1S.8 9,299.4 221.2 -8.9 666.1 NORMAL
312 700.0 11.3 34.0 15.5 10,30%5.6 212.2 ~==-- - 705.3  =me---
- SURFACE REFRACTIVITY: 341 --SET SPS-49 TO 344
»,

Figure 59.
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out in the Environmental Data List are the dewpoint
depression, altitude, N unit, N unit gradient, M unit and
a description of the refractive condition.
c. The Propagation Conditions Summary

Figure 60 is an example of the Propagation
Conditions Summary, showing the existence of refractive
conditions for a specified region at a given date and time.
The summary provides a plot versus altitude diagram of N
units and M units. The extent of any duct present is shown
by the use of shaded areas in the block on the right hand
side of the summary. A brief statement on the performance
of several types of EM systems operating in the specified

. region is provided at the bottom of this summary.
v d. Surface-Search Radar Range Tables

Figure 61 is the Surface-Search Radar Table
format. This product provides detection range predictions
for naval surface-search radars. An actual example of the
output is not provided since the predicted range values are
classified CONFIDENTIAL.

e. The Coverage Display

Figures 19 and 20 are examples of the Coverage
Display product. This product shows the area of coverage of
a specific type of radar or radio emitter on a curved earth
range-versus-height plot. The shaded area is the area of
detection or communication for the system represented. The

impact of atmospheric refraction on a svstem can be seen
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LOCATION: 31 96N 118 36U
DRTE TIME: 17 JUN @432

pucCTS
1S - -
Y
\ //
1 \\ -1 f
- .
3
E  &r A . ‘
T a
\\ .‘/
3k 4 \.\ - ///
\\' K
“‘ﬁ‘“——_
) 7
9 1 5 ! g | T T
210 243 270 300 320 B0 330 430 S30 630 730
REFRACTIVITY MODIFIED REFRACTIVITY

N UNITS M UNITS

WIND ZPEED= 12.9 KNOTS

EVAPORATION DUCT HEIGHT= 8.S METKES

SJRFACE-TO-SURFACE
EI'TEHNDED RANGES AT ALL FREQUENCIES

SURFACE-TO-RIK
E<TENDED RAHGES FOFR ALTITUDES UFP TO 1,072 FEET
FUSSIBLE HOLES FOR ALTITUDES ABOVE 1,872 FEET

ALE-To-AIR
E.TENDED RANGES FOR 3ILTITUDEY UP TO 1,872 FEET
Pu55IBLE HOLES FOR ALTITUDES RBUVE 1,872 FEET

TUNFRLE FEFRACTIVITY: 331 --3ET 3P3-48 TU 344

= 28.0 FEET

Figure 60. Propagation Conditions Summary Product.
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*xx+~ SURFACE SEARCH RADAR RANGE THBLE ####4#

SURFRACE SERRCH RADAR:
RADAR ANTENNR HEIGHT: FEET

U S SHIP TYPE/CLASS

DETECTION RANGE IN NM |
MIN AYG MAX

PO T Y S ‘St S " S Ml Andh Rl

CVCV¥N
CG-CGN
DD~ DDG

FF-FFG
LEC
LHA

LPH
LKA
LPD

LsD

LST

AE - RF
AQ-ROJE-ROR

SOVIET SHIP TYPE-/CLRSS
FRTEV RS

DETECTION RRANGE IN KW
MIN AvVG MAX

4 S
MOSKYA CLRASS
CLG

[ rigel ol
DD--DDG
FRIGATE

CORVET TR
OSA-STENKA CLASS
PRIMORYE CLASS AGI

CLASS AGI
OKERN CLASS RGI

EYAPORATION DUCT HEIGHT= METRES.

Figure 61.
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Surface Search Radar Range Table Format.
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graphically by comparing printouts of the radar coverage
with and without refractive effects present. Note also that
the presence of a radar hole can be seen in this product by
the shape of the coverage pattefn above the duct.
f. The Loss Display
Figure 62 is an example of a Loss Display
showing one-way path loss in dB versus range. The dashed
line on the printout is the threshold for detection,
communications, or intercept. The solid line is the
system's signal. Thus, a determination of where the signal
would be strong enough to be detected can be estimated from
this product.
g. The Radiosonde Observation Analysis
This product is provided largely to assist
meteorological personnel, and consists of a radiosonde
listing, a skew T, a log P thermodynamic diagram, and an
encoded upper air observation message.
h. The ESM Intercept Range Table
Figure 63 is the format for the ESM Intercept
Range Table. This table provides the maximum intercept
range for several different Naval ESM systems versus a
variety of hostile emitters. An actual example is not
provided since much of the information on the hostile

emitters and on the predicted values is classified.
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SURFRCE UHF COM

LOCATION: 31 S6N 118 36K
DATE-TIME: 17 JUN @452

S8 -

IH4D7

180 A

wvor
L]
|
i
1
|
|
i
|
|
|
)
|
{
i
|
|
)
!
|
|
I
|
I
(|
|
[
[

150 -

200 -

250 T Y Y
9 £1% 80 120 160

RANGE IN MAUTICAL MILES

BARSED ON A 200 NM FREE SPACE COMMUNICATIONS CAFABILITY
TO A SURFACE SHIP PLATFORM

DASHED LINE INDICATES DETECTION, COMMUNICATION, OR INTERCEPT THRESHULD
FREE SPACE RANGE: 296.0 NAUTICHL MILES
FREQUENCY: 308 MHZ

TRANSMITTER/RADAR HEIGHT: 130.9 FEET
RECEIVER-TARGET HEIGHT: 100.0 FEET

Figure 62, Loss Display Product.
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ssnss ESM INTERCEPT RANGE TABLE #ssse

LOCATION:
TINE:
ESM RECEIVER: WLR-1 CV
EMITTEF CLASS: SOVIET
¥
EMITTER RANGE (nmi) EMITTER (MHz) | RANGE (nm1)>
KNIFE REST B MUFF COB
CROSS BIRD POP GROUP
TIGT
HIGH POLE DRUM TILT
FAN SONG E MG OWL SCREECH
Y0P YRUUGH [ SUURKE TIE
BIG NET SNOOP TRAY
TOP SAIL PEEL GROUP
READ NET NOO0P PLATE
M
—DONEYS —
LOW SIEVE DONETS-2
BALL END POT WEAD
FRONT DOOR SUN VISOR
TRAP DOOR NEPTUNE
—TOR KAV
STRUT CURVE __DON/DON-2
FAN SONG E NT -
EMITTER CLASS: U.S. NAVY
MRS TRTENCERPT
EMITTER RANGE <nmi) | EMITTER (MHz)> | RANGE (rmi>
$PS-29 NK-68
SPS-37 SPG-34
3PS-32 SP@-9A
SPS-48 NK=-25/M0D 3
- HR- SS/HUB ]
IFF INT MK-56
TACAN MK~-25/MO0D 2
SPS-42 SPN-35
SPS-48 SPS-46
nK-26 CPR 1300
SPS-39A CPR 2908
SPS-33 RAYTHEON 2502
$PS-30 RAYTHEON 2840
X7 —RAYTREUR 1569
SPH-6 DECCA 202
$ps-1e DECCA 914
- W - 7
SPG-31 SPS-SS
nK~37 SPN-12
n-13" ' SPG-S3D
MK-~34 SPN-41

EVAPORATION DUCT HEIGHT= METRES
= FEET

Figure 63,
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2. Limitations of the IREPS Model

There are a number of limitations in the IREPS
model, some of which are being corrected. These limitations
include:
a. Limited frequency range.
b. Neglect of the effect of land and sea clutter.
c. Assumption of horizontal homogeneity in the
refractive structure.
;i d. Limits on the maximum and minimum ground
: based antenna height.
e. Exclusion of the effects of sea-reflection
interference on airborne systems.
, f. Assumption that all EM systems are horizontally
G- polarized.
g. Absorption is not accounted for.
,ﬁi h. Limits exists on the consideration of low
level elevated ducts.
i. The coverage diagram is not applicable to all
radar applications.

3. Applicability of IREPS to Over-land Refractive
s Prediction

While IREPS is proving to be of considerable value
to the Navy even with its wide range of limitation, its
applicability over water does not imply that it will work
equally well over land. IREPS in its present form, because

it was designed for over-water use, does not account for
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terrain features, vegetative effects, soil type, or

variation in the surface reflective coefficient, all of which
have great effect over land. In addition, the nature of
atmospheric refractivity over land is much more transient

and localized than over water, and this must also be taken
into account in developing an over-land model. The basic
design of IREPS, however, may prove to be viable in the
development of an over-land model and, at the very least, is

worthy of further study in this regard.
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APPENDIX B

COMPUTER SIMULATION 1 LISTING AND OUTPUT

This Appendix contains the program and output for
Simulation 1. Each computer run is summarized in four
pages: Summary of the Parameters, a Transmission Loss Table,
A Loss Diagram, and a Signal Strength Table. The latter
contains the refractivity value. The type of system (either
radar or communications) can be identified by the frequency

at the top of the first output page for each rumn.

212

Y e, . - h P - - " s . - . . b - - : ~ ° - .
LN I . B L Lo . . . L. o, . - - .
" el i PRSPPI S e PR S T R R U T . U . S "_-LA_._-‘_J




A A Dt ke e S S e At A M M g S el Mg A I TR Pu—

(]

K

1
<4

<

A

4
L

A

k]
.

<

-l
b4
[ _]
DT}
(]
-
[ ~N
(=) 2 us
P4 ~~ =iy 2
L 4 L 4 [ = aQ
[~ 4 - - ~y
- 4 - > [
w IV =Q <
NZ o<t b= - - 2
20X v <
Q D>V © @ -JWJ P |
2L DN T < Q< a
L . - o b
Tt OW WS> 4N w
Q>UL Q=D QXD
h:&hm<|$ 1R< g
| -
»Q) ><32¢ SOW '™
DU QQ L™ el W
g aod ':n< 3 l:‘.l =
-
[ (T T TY] l—.—ﬁ 45.4 - L] =)
NE TN O e & (TS X 4
(TR T (= e ) - = ¥ 2
I =~lao TN - w - X
QZol W) YNIEX M w -~ &
= {. T, 177 sdl o X v ] - 1
wn 2<€a.Q T e 1 v X
o leQXL> A QXN v — o
{8 r 2 R {=] aAmE QX o Q - oL
WU O Z =2 o=iQ o Qa - - =
[ W 2L >4 o W O L et o o] -
UL, €O <UL oQll ™~ (-4 Q [ . )
gWwaotad L) ) tOm = [ " < <
T WAD v (L] - o X | ol
Wa. O W NN & O w [- 4 O <
<STOLIN=-NET LTUINE -d [- 4 < » = (L] Q
(™ —~“g OV -l *LQOQ » " W X O X N
Z U, (- %4 ~N o9 QoW T8 € < NO b o 4
—mUEQZ22Z X« | Tt} ooy < — e X - - puvs
W e [+ 4 OOLCrtw Xl b= NGO = ow 1.} <
Q<gi~2 Qo= -ee - < - g & ol vt o
w D ITgswav Q o L QX =~ Ll pr o4 ot
V) A Sl S N0 < » X e MO b O onn - ws
DAVt prey NI ol o TN e - Q T ) w -
> == -Z «OQ00 Qw O Q0 x O -
NI <« ® sl =00 g W DA, Yt -t~ w)
- el of #Qrd O X TN} UN MO\ U own 2
° -d LN & < - -—p 9O [ Qe =
2L P ety [ 1418} g N Q Q- WO - Qe [ o - o <g
€ QLI Mrr WNSNas\ng = et =i (D -t -t -
ENVIQd e EEO dd » < O W, Sombeed W a
OLCLLE  Netlly EEFEIZN a> N 200 0L O\ NN
Q& XTw X (S N} 4 e 0 L e S Q
€D <|CLUITWaA e =y Z< o » uwun " a
a.QQ g-zzm ugzzzgf n-o: -: c-:o h-~: -: <
EZNLIDO ~— e e
w g-«u Q. thg U od QQ ox QXY -wQX QX 8
¥ QO e QO AXETIIXA 4 < dat < < -
. Tweatisilis 20 OO0y wu, Wwo Lo [TRTY T we s }
. P (D00 OF o) =t -V xXO o "W~ ol <l Q
v [+ Jo v & - o~
" Y NN N N Ny
h LUUVVIVUVVLIVIUILIVIO UOULUIO (878 ) (B18 )] (TR} VLVLL

-

- g

FOA |

P

N S

| - ——— - — ——— - - — - .

. . . o - . . EY ~ . -
el PSP PP PR R

g




- w—m

6 0L 09
“ 1YWYCd
o.o_mhumz

(/7% o—== OIHO ===4*X09%//77/7777%1s
ONIOV3H NIV¥¥3L OIHO INO 3L1uM
*Z21e=SN

Viva NIVY¥§31 OIHO

(/7% ==~ SNIVINNON OQVY0N0D === *X€S4//7/7777% 1) 1YWY 0d
(¥'9) 3LIYM

IONIQVIH NIVY¥Y3L SNIVINNOW 0OOVY0I0D 1IN0 3LIYM

°069=S HQ
°0s

S
059=HA

VivVG NIVYY¥3L NIVINNOW OQV¥010)

(/7% s=== SNIVId 0QVYOT0D ===9'X%S5*///77177° 1) 1YWY 04
12°9) 3LIWM

OINIOGY3IH NIVYY3L SNIVId OQVYH0I0D N0 31I¥M

L 01 09 (9°17°WY¥311°ANV°E
s 01 C) te°
€ 0L 09 (2°

LOLVL VLLLL (€ 18]

QULOOLL) WLOLIVLOV

LLOLVO

214

T R
R S Y S AT S

.
S S




R e

b Sad Anab Sl gl A ntih Vil S Sl Btk Siadbadl il St

((03TH'000°S ) TXVWA/HQ)LYDSARL0° - )dX30+1S10=110
Nw4o+~maoumac
(3CH*V=200° ) 1¥0SQ0=2S 10
{ITH2V2200° ) 1¥DS Q=TS0
tISN2226600°)dX30%599%0°-°"T1/°0LEI =Y
3NNIINQGD S
(HQ/9ZH#0*2-) dX3T%ZZ2+O2H=3ZH %
(0°CT/92H=L26STHY T EINISOQ+0°T=27 €
»1 0L 09
0°%=27
€T 0L 09 (0°G°31°92H °¥O°0°2°39°92H) dI
ST OL 09 (0°2°371°9ZH)_dI
9¢H=32H ¢
(HG/9TH20°® 2-)dX3J#T7+9TH=3TH 1
(0°0T/9TH2226STHT°CINISQ+0°T=1Z O
o
0T 01 09 .o.momaooaromooooNomoowﬁrw 41
2T 01 09 (0°2°371°91H) _3JI
91H=31TH
32ZH ANV 3TH 40 NOILVINIIVI
(777777777777°G°0144%X20° o (Z1¥3IH-9IN) =4~ TVYNOI AININD3Y S »
mxmw\\\u 1VYWY0d
4 (22%9) 3113¥M
AININOIY4 TVYNIIS INC 3LIYM
(/% e=== VIYO NIVYYIL Y3IASN —==s*X€ES /1 /77777 %s1r) 1yWNOd
(8¢9) 3LIYM
ONIGVIH NIVYY¥3L ¥3SN 3LIYM
HHO=SHQ
HHg=HQ
33=3
SS =S
SSN=SN

viva NIVH¥3l ¥3SN

Lalaal)

=l ot pod

LOLLVOLV LOLVLLL

(S [8 G]8 I8

(8818}

215

- m. & A

8 ale n

Lok




Ll TN A A A Y A e i A

AR Sl

P i |

0°0€+1Jv-30Q=(SICI)8A 00¢

d00T «3IINVISIO INIOd 007w 40 ON3

Q=XVWO (0°0€+13V-80Q° 11°NIX¥-) 31
XQ#0W+03 V=X Q¥
10010190 108 2X¥-0 0% =30y =3y

u<n.mwo_.<m

10)079010+02+ 14)0T90710#0 2 4Gy *ZE+¥IV= L Iy
a=tsiaryas

4410 1)

w3310 INILNOYONS TV

12
e

00
={
(0)0T90710202+{ 4101901 0x02+S Mﬂ

ngnmMm
gl g

Q<o
g 3 ot o
(o (S dw]
NINY

v )
4 1
a )
VIVQ (Q) 3INVISIO OGNV (¥IV) NOILIVANILLY 3¥O0LS

SOT 1V

»wSOTw 3INILNOYENS TIVI

181028 {883 03-400f} il
0001/ S10Ts 1510=0

1=S 00€ 0G
0°0=XVWd

d007 »3INVLSI0~V1T730e 40 1¥VIS
detiteds
00 Mla 1

C
0+1
leJQQNJQ

t{v Jal { +131
2LL0°E-HO#( T~ Ja M mw “m

(32H w
(ITH=2L0°E-HO*!*T-170/ l—amq W
i3 a

ZH'000°S) IXVYHA/HA) bmamQQ~Oo )dX3

0y

QUVLLV

LOOVOV

VLOVVL VOLVLLL

LRIV

216

YAl

Pl U TR Y TR Y

Amh _SiRin_m

-
»

C . C . A
PRV N VI




T

Y

B0E OL 09, {1-3N-801) 1
(+1S¥ILIN-N) FONVISTOL*XOE*s 180)  SSOT-SNVHLa'X1'7/1ivNaEd se
1
{ (0°Z*Hy¥* Evye 2vys TYY 00T* v* aS) 107d1n 11V) €22
_ 1/77738%2 33 s WB¥S SSOT- SNV
. I 19VY1NS *HAVYS WO¥3 HLONIVLS TYNOTS ONT3 0I “ 2« JLION ##,) 1YWHO4 222
g 930 1222897311 uM
2 056€+80d=70a _
- €20 0L 09 1]°3N°801) 41
. (//7403INVLSTQ SNSYIA SSOT-*SNV¥L 40 1014, *X6% 4 Ja) LYWYES 22
3 (2249 3119 5
& U
g “(WX) 3JINVISIA SA (9d) SSOT-SNV¥L 107d 2 :
ﬁ. »Q
) 3 .
] 9/9IS-y¥as=syy 18
\ INNILNOD 08 .
: 18 01 09 ((T)VS®39°YVIS) 41 _
2 [1#197v)S ) =¥V IS
. 38 1=11 o8 00 _
“ ¥2S=£VYd :
_ 0°0=2 vy & !
1001)aS=TV¥ T2 3 :
: 0L 0L Q9 :
TL 0L 09 (VIS°31°(00T)VS) 31 ¥
¢ 0° 941V 5=V 35 2
ﬁ 0° T+1¥)5=1v)3 01 K
. Q.O"n—<uw 2
w ¢
: *NOTIVNLINILIV ¥OJ HAY¥9 3TV IS 2 A
. 3 1
3 INNILNDD €0€ 1
g 0/20%992°94 8 smemmmm o452 84) S4X7) LYWYOL 20€ !
’ (G T=N* [ T-N1#0Z+3)VS* (1 T-N)#0Z+%)0S) (FOET9)IL1 UM :
: oz¥1=% €0t 0a :
: (/7741XS*21080) 4 * XL oW )25 X9)S) IVNUOI TTOE A
¥ 028 SSOT-SNVHL X2 e3INVLISTOs* Xy SEx 10 10MVeT TOE k
. [ - [ ] [ ] [ ]
ﬁ Hec I LIYea , ,
p: 3 :
5 *VLVO ONV ONIOVIH «SSOT-SNV¥L *IINVISIOn 317 UM 2 ¥
. 2 M

e e e e e e e e . — e e A A i e e - - e e . ——— . —— - —— > i Gm G MR G G G G G - -

L




r-

A i dieod B R Ao ant Jloge St Aage Jaane f

TRTTT———ry

-\\.

et D el lod «. 3IJvdS 3344 zoamm zomh<:zmhh<. ‘XSTx
.\\ wcmhmznz . c®ld4% s~ - -
—————————————————— .*mmo SYNNIINY mezhmm IINVLSIO, EXGT%
7/ SNYIQVY ¢ Glily~——mmmr o care—e=y
—————ceccceerccecmem—=e {J]1) SITONY zo~h<>m4m 40 t:w. i §-3 £
€7/7% SLINN=N ¢ 2°24%, - -
cecmerecc e e rmcccnmmena= (SN) >h~>-u<mmm4 mu<mm:m. ‘XGTx
$7/7%, YILAW/OHW 3 I I Pttt tanahtttted ettt
——eeemececcrce s cn— s e- ~mw >h~>uhu3ozou mu<mm:m. .xmdi
L N o 155367 A3 G1)LYWYO %9
m4<¢w4c«ﬂowm<ahm~ ¢ cmz m.m .@0~0.m-¢z £9
(754VI11¥3A~~ ——
e e e 1} zouh<-¢<49m..xm~.\\ ,h<tmow c9
(29°9)311YM 19
€9 0L 09
(/¢ quLNOZI HOH, e
- — crmecccccaceeee— § {J0d) NOTLIVZ2I¥V0d,. *XS1°// ) 1YWY Od 09
.oo.oﬁmhwxz
19 01 09 .o.o.hu. 0d) 31
(/777 o=— SUILIWVYVH WYYIOUd ---0¢*X2S .a-.h<zmow 2 4
192°9)31L1TUM
69 0L 09 t(s*H3°YM3aLy) 4I 80
SY3ILIAWNVYVE LNJINC LT UM
{ mw» _n WY o
.w.~om..hm<m4 LV 38 NYJ SVNNJLINVY N3I3mi38 uuzqm 0 *WEQ >
62°204%, 40 T3A3T ININT ¥3ATI3I3Y Vv ¥O4 **Qﬁw..xo.\\\\\~* w304 LO
XVYWO*99XY (20E°9)3LT UM
NIXY=-=99XY
INANTLINOD 90
(/784X982°8d4% y====4'H°B4d) .xm~h<z¢om SO
1G'T=N ((T=-ND20Z2+M)OQ0* (L T=-N)02+X)AS) { omxowmmmmm
=
.\\\..x¢...zmo-..xo...zz-..xmwmm m-h<:¢ou 1%
t1%0¢t o-wwwan*
sHIONIYIS-NTISo* X2 »IINVLISIQ . * XE) S1170714141017° vmm= JINYYVd KA
hm»m Zm»wo ¥od mmz<hmac m:m¢m> H u2m¢hm A nwmm lal..xmmwm Mhmuwmm %0

ViVQ ONV ONIQVIH wHLONIVYLS TYNOIS OGNV IINVISIOn 3ILIUM

(W18 (818 (8 }

LVVLLV

218
e s Ak

)

el

I P

Y I




IANILINOD 69

7%, 80 of 2°14%,- - -
- - - cm——e—e NIVY «ZthZ< ¢m>~mum¢- ‘XGT»
/7%, 80 2148, ~ - ——
ittt MmOJ NI zommwmtm v¥i ¢m>~mum¢. IXGIxn
/7 WEQ 21348~ —-——
e cc e ccce e cerecerasee-=e A ] JTAT1ISN3IS ¢m>~mum¢- ‘XGTx*
$7/7%, a0 o Ll L et 3
—rmerrrrccr e crc e eenee NIV <Zzwhz< ¢w*huzm24¢h. ‘XGT»
/7%, 8aq 2%l y=me- - -
—emccncecceeeee= §$SOT7 INIT NOISS INSNVYL xmhhﬂtmz<¢h- EXGTx
§77%, SLIYM ¢ N.Oﬁ% - —— -
- e e e o o 2 A e - - INQ ¥3IMO4d Y311 !ﬂde*. EXGIn
827777/7%:--= LIfdN1 Viva IPWmehM J<Z@Hw lll-X&ﬁ 1/277777) 191404 89
OYX Y TIXY 9IXY*OVYXL ¢ TTH 140dXL (89°9)3LTHM L9
69 mh 9 (1°3N°8C Lmu
(/7% WX/8Q +° G°l4%y-=— (OW) 3INVISIO SY=»
JA SV NOL1IVNN3L1LY ZQ*hU(G&&uQ 40 m>¢30 JHL1 40 34075, XST*
87/ 80 2%14% === (XQVY) IVYND3 mm« NO=*
TIVNAN3L1Y ¥311Y9S OZ« ZO~bU<¢mmna w%m:x zcﬂththh<. XST#
7/ SYILIN=-N 2°L4) ym=ma e (XO) WNADI UV =»
SNOTLVYNNI LIV ¥3IL14VIS GZ NOT IOV¥A4IQ 3YIHM WUZ<*m~Qn -xmm~h<:mmm 99
QW XOVY4XQ (99°9) 311 M
.\- WX/80 +* G°lidtym=ce—-== (SH) m02<hM~Q *
SNSHYIA SV ZOMh<32mh* thh vaS 40 m>¢3w IHL m@ 3d407S, XGT*x
NX/80 9% ¢ jmmvcmncana (2)) ﬂu< *
40 IAYND HIOOWS V &Q m&oam S3INI 430 *<Ih hZﬂnUu&mmOU- XSTx
/7%, WX/8Q Gl yrmrr e IN) ¥IV =2
40 3JA¥ND HLIOOWS V 40 mmodm S3NId430 *QIh hZWuwa%mﬂu. SXGlx
/7%, 80 2°l4%,~ - - .dew*
39vdS 3344 MOI3E ZD~h<DZmbh< zomhuﬁdmuuo ﬂwh<t~hwm. XS
87/ SYJLIW LA e ettt .a~r~*
ONNCYS 3A09Y hrwmmz <szhz< GmhhthZ<¢h J&KDhUD!hm- XGI*
/7% SY3ILIW 2%l e e (92
ZH) ONNDY9 I A9V *Iwﬂmz VYNN3 INY ¢m>~muw¢ J«&Dhu3¢hw- ‘XGI*x
/7%, 80 A8 b b ———— (Sx
3vY) 3J3vd4S 33¥d IOMWW.ZQ~h<3hZuhh< xmhhwwmmﬂmh<tmhmw- .xmﬁﬂ
== (3) INVISNND JI¥1I37310 w>m*<dm¢ ¥0 >m~>m*hmtmw&. SYCT)LVYWYCOd 69
SWiZMiTN a3y QﬁI QNI.WN<.W (6949 ) LI ¥M
(/% 80 ¢ 2°L4%,- ——
————= (STV) STA mu2<*mwa 1V ZO~h<32mhh< Zcmhu<¢&m~0- ‘XGle
SHILIAN-N o 2°Ll3% - - - -—
cmmeeee {$70) mmuz<hM~Q NOZ I ¥OH :h¢<MIIhoctm 40 WNS ., ‘XCIx
7/ SHILIW T 2 L Ittt L P S
commneca—=a (HA) hIQHmI NIVIY3IL 40 FIONVY I II0YI INI, ‘XGTx

s . -
PP, G Y S Y T N

PUPRE N C  W

Py

AR . e : L
(BT Wl Gl LT Y G, P YOS NS YR Sy




START PROGRAM AGAIN

VLW

9999

- ---‘.~ - " . - . -
b e e e AN e e atata ata a

SUBROUT INE CIFF

SUBROUTINE TO COMPUTE DIFFRACTION ATTENUATION

0-2) _
f§A31$A415AFO.JL
&
¢

4

WNENNOTN
X <<XO.J *}

SZTTTNH
reNNNNNZ .

-y Q
Sgzezzes
»
EeEEE D
AEXTEEXT <

XOOOMmOW y
- LV E X

RDOL=DL

VO LVLVL

220

CALCULATION OF KNIFE EDGE DIFFRACTION

QLV

D

D

D

0
e4) AVI13=FNB(V13)
e4) AV23=FNB(V23)
2¢4) AV14=FNB(V14)

2¢4) AV24=FNB(V24)

»

MMEPatNmt= acm-t
Fopep=p=( N & oF NN
BRHRrd O orth=N D>
OUNUMA D m O3 e 23D O b < <L
e vl bt (D0 (Dor @D &
OO ¢ ¢X <« M-I
NNNNZ 22 Z932Z =ird
o 0o 0o SLMULMLWLPDI>
e edrmtend (} =4 §) O >3N<<
-T2 |

—rt)

HHNHOO>
OOV Prdr et
.mmdN>m>MJML>m§§
32 3 > <=t <Lt X bt




[ ]
- -y [ ]
-y -
Q .
=] - [ *
[ ] -4 -d [ 4
Q (o] [ -
. (=] [}
Q -4
) Q h 4
1Y) . og
- O U\ o
. [ Q [ (=]
-t T} 2 2
b4 -4 < rd<g
* [ e
[ o -~
a “ el ey
b-d Q xQ
< [ (w ] #O
™ o Q no
o 2 o | X=
(=] < . Wwe
]
[ ] o. [ ] [ 2 ]
= rafjue
Z g . (4] * O
Q . w . uy e
o &) °
b= [ ] [] -4 NN
9 b4 p4 +
< NN . ~N . - 9
[+ 3 > [ ] X aQ [ ]=]
(T8 + > 2 2 xZ
W, et < ° < <l
-y X . Q . Qe
Q - b - = Ead -y
00 - << - [ D e
o o4 O\ =men - -y e - - QO
L 09mm ¢ e e = —~~O
(- 4 0N V-1 X X} = e - NN QN
<t vt 8600**0 - -0 - e * o
W 00 Q= N XO Xy [ 7]
o 0000w\ o wN A Wd Qd
Q [l 3300!! L < . g . [TV I
U e - s O =W A4 - -t i
Q Www Q 0033(:04 o o~ - o o =y et g (N
2 =it 4] OO o omirrt o - e e e - o 4 1 X
a rX Lo U- 2% JUTL T red = =l - e =y -y e
* % - 00% %00 I = X | = w - Q
& NN - o~ @ CONPT IS @ - = ) - = NZ= W = >
o0 MM et * 'IIDAQ0 ~ - 00 N w Q< - v <
€6 OO * oo e | mnmae % BN > »x v <2 X VN <= Qd e
Q e .msﬂulumtu 2> XX % emen (/N < - @ QAL - @ 2 -t
b d L A A sttt L L P W [0 T. . ] Qo <« . o< . 3 o
- S NTHIRTRTRe JTIHTTTITHTRTRTER - {7 2 &Y - O e - Q O 0O «©
Q wifNmam st asil o eoetoentny QOO D -~ gO D ~w F et JUL e
ot Jed Jr NNV EP oIV N OV PN PN 000 D W e O o Whke\! A=\
= QUOQECACLAY YUY XUUXXUXJLA00 ¢ ohwrili~d .—0 il or D (N# o9
€ B$# | | Twww w0 w00 SO~ D QM2 WON o Q
- MNP QQOAQAOWMWIWIMOQUOOON # H # NN 000 Hrtre N 00 %ttt N = Ort =
hes | JSOQZZZZ&ZZZZZZZZ"‘NM Wt ot Xl OO oot Lhmhnems O XN
W OQwwillLiLih =il Libibb L LULODDD ) 1| X O IO wX O | QN =XOQk= | --><Q
- HHHNNENN nuuuuuunuuun-«vvc TNt =Q PHNHAN D wm -
< ﬁNm\fH m¢u.~§m¢—4~m¢~mm¢.l.m.u:o “HNXLLU.(DQ It ~ON>CU. U, O>U W
W LLL LY X U DDODNICICICIICICr (D) pmion pou UL, sttt Qt—l—l-—u.'-ﬂho—(.')u.—v-oa
9 Q [ ]
(T3] L] [ @ o -4 0
e -t ~—t vl ~y N N
(818 )
221

A o s o Yl oa v




}*XZ-IO.*DLOGIO(XZDO
)

E-5%X2%X2/K2~15.

1#(05751%X1-10.%DL0GiD(X1))
5
1
2

*DLOG1O(K2)+2,5%1,
®
0
°
0
0

:
(

gxx.xuuoo

QN o b
1X 00 :QZOXXAOD) o ¢
—&Ilﬁﬂddmmlicﬁ
- 2D o) NN
X—¢&<Q O—-OQll
w NI o) o) ¢ emteiNIN
Ol QOQOO0 | | XX
dx O +H OBOOM-SUU.
O N QOXX | |
OodNOO ONN® 3 r4me
S NRE o 8 ot 3¢ ¢
Q% % twimes ¢ oMM
TR T Fhoip QW ppmfops | |
N e MOt ¢NIBUNMNG
ONeted ¢ R ¢ 000XX
OP OO O =N & ¢ DD
e 0 0XCrd XA W § un

o~ nu-x-x~-m¢
oxuﬁwu.muu.u.uxxcr%
DU rt B Ere st gt

(S IS |
m <
N N

-
0

COMBINATION OF ROJNDED EARTH AND KNIFE EDGE DIFFRACTION

4l 4
Qo
N
- o -
~dd -t
QAo -l
* b -
[TT[T7[7a]7, no
e e ONION) NO
®* %O ® e
gL~ » %
- 0@ #* N
* PO -
o= o Or O - J0O
o sy (\§ O] = wax
(D (DN N <L
OFNNU WM (=11
QOTLT# % ~tet R’
» % &5“\-00.0. NS %
NN QQ» # (=17 1L ]
OOQmit T L M-S o o\ QO
o LT ORI [ B = o
[ T L e | L - -
e e e~ ] o aado QO
QA2 Owwd g MO ap=
MW O =8 3"- wwuwro
mmNNooxxm Qe o 8@
QALI ¢ «IJU » L]
QQO*OOmW++l WOVt
Qammooocn-g Sfws & momy
o Oodud SOIP ¥ X2 1 QOO0 NN Q
| LI mdotrtoniag -eoz—m »
® Ttesnonw ¢ % B NO~HQOKO ¢ o Qe
s vt et b o i o B Ol T N
--hhzz.om¢maimaﬁ<mw
BHRL =t B BIXILOL S ¢ 0O :QﬁN -
TXOOXLww| | | 1O e =Q bodd W

QQWWQQ\\ ¢ 0 F N N TWEXIMPLNLAWAQ =

}O QU N ¢ srttLINVNINO L
m MV Prdrtarswe { Sl § 8
S0 U HHHAOQOOQ

b4

-

633(4%0— L N=1 ]
(KRR ESaaE
WOV N i odd i

Izﬁacomémecwzzmmwmm<3xcdcconch
00AaAANRIBL AT <KOVNG KL e VNNVNNN L =NV

® () -4t
~N 0 o

222

S SR A VPN U PR U BN, AP VLI LR e

N
N




- . R BRFEL AN A ARALPUN
. P P . . . Coe . N .
- e —— —— T - ———— A T W — A —— ——— ——— — > Y —— ——— — — - T -P WP R W W = — W W ——— > —— — —— — - T ——— — T ——— — —— o o — o —

N

[T 9
- -
= w (7]
[, - [- "4
%] o w
(] vt oy
-l 9D w
Q oZ b-
= % -4 <
o Oom (=]=] [- 4
et N e % % <
| o [Tq) NN [y Lo ) Q.
«¢ (=] ol (32172
ho *» -ctin L [- 4
Z wvo Nk ™1 w
Iy x» T OV y=T= =
| o [ K7, ] ) N NE» [
[ d o oM e (M A <
<< NI Qe a3 9
Iwn X 8 NQ+ 2 7
[+ 4 <wQ -t N\ L (TT7 P
w ) L= % X LW WV [1V)
- AN - - Ny < -
b wno Ou. ¢ NN NX W 2
< g2 O o F=a=uunoa o« a,
(=] g<in O 5u.<< (¥} z
N - any 19X v - - g - O
() NCHO T T -
s 998 STIETR TIEES 3 3o
g 'J\Q - Q (72 I
=2 LUK TN OTHOQR ¢ ob=
o rFwww ¢NQLNN W=D o w w
el L wTNEANDD ¢ = 2 Z
(3] — 00 Q O NI TS IT| 000 ODedN =N 77} - -
w g O w -~ QITO~QOX+NS =z s-dad WIS p | |
=il o MO0 WONUKLEX QXMW YZ2ZXO QO N=lllinZ= 2 D
= D TIETEHN Oax ("'Q(((W(QXXQ(QMQAV"-E-'G [ B - |
# Q S fNOENILZEIIlI N IS>IQQ~wll NN §NQFD £ g
ww J NAN OO NQNNOQOXNN N 2w N =N Y N Z~Q ® 0
|t ol § du.u.&QWIQQQQWXXX§WWWXXILI.LH-UU.—I-J WIWWTOWZ 2 D
NN O Ot QUCILE<A00CLCLOQrert~t LI QQ Qo= e QO XL (7 Y]
(=] (=] [ ~]
o~ ) LA 4
QLW O VLUV

223

cala 'atalatallaaex

IMPLICIT REAL*#8(A-H,0-2)




LRI et A e e Iban Thate e Jdanrd

- %
X * 0
- -y " °
V] - e N
[ Q0 N 0
- Qo t 9
o~ (] nw Q
[TE R, o0 - ¥ -
= T N noO» O u
- - vedrd QQny = O
-y X wwwamemip i % %
7Y e ) aeqdNO# N WOVO
= QO 4 epe
- ey P Pourasent (o
N b NN OON ¢ OO
- € NOINOOO ¢ & i
S - QI Jd =4 (DD
- N HRBRAQ~ ¢ OO
-l £ VDONNOH® o ™~ _JoJ
Q - Nk ¢ o= O QQ
- iy QO 1OO ¢+ ¥ #
N Q g O e
- e 11aal in v v
o n rshxxmgm " :‘ +*
. -
-y 5 083390& £ Q
- o N NNNOT <« #8
Q oOoxX gy ap P oy < no
e - I o odb ¥ - oo
2N €y QD rdrdNNew o #%
o) <X LLOOMNMM ¢ O e~
—dad o> QOMAMMMNMO ~ N
o0 QN H11 oot~ ]
Q- b4 Ubi,Nd e o0 o o0
S oo HRZ2TFW W +
Wy Ot NOww g 0 ) J OD
o Wt bR BN 0 o o0
Vo < e Q O U 8 el
L N o grded o™
w0y ot —n | b # o
N OX Wili=aiBin O 0NO Q
L o= NNP S = N m
e e TEHHNAN o o UH 0O
gammm \\Qixog g go NQN
e ™ 4 o o\ 0D o
oL oeve rjrfimprggg < <£"O (o]
L =17 + % * o V= Qi
wunaX [THTIE = —_—~—) O
NN oo e Wilijwrwr ¢ ¢ o ® o 0l
ZITNOHOQ el OO0 O QOOVO=V
> QL0 TELrteprdeniod rt PefeQ o
Ouss X \\88 )
N o o ® 0 9rm gam O SN(\rird
b N0 A7 o o P2 e e ) o N P e o
2\5& O JNSOQIQRION » o o
oy » o L b 0 @ o# ol o o+ LOWQ
EXLEZZTN OO 0 ¢ Q < i
NN QOU\OF"'OOOI‘\QU\POD-U\QI LI 17,
mNPFQAOQZZ =00 QO -OQAY wn

ZZZZ0 ettt SR A HORON # ITXINKNITN
F929% o gsammzzmomomaoumo<zzzmn<m
b 4 Or=eSQ T Tt Ol Ot wwmw O |

D

IXTTL "l"ﬂ.”l"“wovovvﬂ g
QOQQLU!!I‘\OU\OM\OI‘\QILILU-SU-_HLLLWLI.U.U.WI 723
WOV X X QQNF= = T L VIVt o-c-n-otv-o-o-nt( o
o (] "y}
L i N

224

Q
P
Q
e
Q
(L

TR T T o sy

=ONQOOQ <L ow

NN+ OOXNT -

ddrt 0 e XIOCUNN ZZ

QD s T 4 H TOOrm

QN HONW H QWY ll.-l—:

H et N =N I =N Z0
wded SUWILIW #§ TNANQOWS
QQQK = =IOOVXW

Q

X
o
o
~N "




RN . . Lt ST ! [ T oratutarL Lt St o Ce -
- D P D D S D A A G D WY G T G A DD EB EE TP ED WD WS W D TP D D ey ) Y G Y D D D Gy D G T O T S D S e S W ) Sy — -

. . et L.
- R
. P o a
.
' DN W DD PR abeD O G as @ a5

.

h
-
b
3

. .

WOLL VO

PR Ty

SRS N A

SUBROUTINE LOS

SUBRGUTINE TO COMPUTE LINE OF SIGHT ATTENUATION

Fure. ool ks ank i L atml st

DLS, TEL) TE2,TE KL
Resydx,ns '

A2t1BseX
aot o

'D
A3

X

DLl
AH5
AL
4,

L
?
K

[ S N -4
[ ]

OZZZZZD

DIFF

—2PEeR o

(% ++++4 S
ZO0OO0OWE

<X
= LI X I

CALCULATION OF TWO RAY THEORY

~DCOS(PSI)*DCOS(PSI)I*#2,¢X¥X ) +E-DCOS (PSI)*DCOS(PSI N/

Al oY S

P2¢Q*Qi

/4
Q)
P+

N
QA en P V)

M*SP)
9584 473%F¥SH*SP )% DIV

(R2 ) *DEXP(~.020

*
" tdadedd XD
®ZNOOQOO «TIH
T=e0.0.0.40. =W,
)\ w0 X

ox " Hw

M Q. Qs ot sy tuttos O OL V)
Q

o
(=]
Q
-~ W
- O
- O
Q
» - ey
n QO O
s O Q
- ]
- s W -
-) L) | -— -
- O 0O Q W
- ¢ =N
[T % o @
NestJoy D QO*
1200 Q¥ ¥
A0 e aQNQ
QXN *> -OX
-lee O -
Lol O ~ 1%
*=00Z ¥ -l
[T alalal . Q woa e
x - Q NX|
ITwema O N Tl
#OQ * e 3™ aQ +$0a
WWooo | O Wb ¢
- [+ ]77]
el ¢ 0 0Q Q I Qi
% willl=powr ¢ - | 4
LDl ¢ w QU
et o ¢ oD g Z2-XaR-
oZ N e W Cwlw X
D=Q00 ¢ o =820
(=} TVITVIITE L) AT OmOWN
MV CALOO D= QMNNIOO
W wrwwQe Qwil i i Q0w
-ty N O >mQ U Ny
oowmmdmuwunmxr%um-num&wumma
OO et Qe I P QA QWY
N
N
o

(S8 (L% )

225

Aal ol

e ® o et el e e

L




N
b
'r

P
el
)

—
e
« 2
PR

"“.; .
b " .

- S EP D D PGP S ER G G G ED WD AP WGP D an e @D
. v

. . . . .
s e e et .
WP Wy YR W e

-y

-

(]

]

Q

o

NN NN

P> BT

~wwr

22 T

<< #

W

gL ~

nmmo T

O+l »

('8 N |,
b Qvrnted ¥
3 Ve de M=
refogae =

"] 22 O
0 e

[ i

-4 g O
+0Q O

- - H QO
7] NOQ OQ
- 4 = °
b any SNy —t

° 2N v
e <o O
(Do [ d (& ]
[1-9 <o O
v Q= #
U ! tood W
xXa - 00 &
W vt »
33T % o
o~

- ZH% |
2O «<Q.Q, W
Q= 4
Eh < oo M
L0 ™=QQ0 W
sQuaAANZZ xXO
] VST S
=, Q. e e ’
"= NN = -
Qe # A.0.0. wO
o | W o

ped wper g 4 Semeden
00. O\\W.-F-OQ-O
rwTmend g ) O
NPT o0 ¢ ol @
[T I | o [=Te ]
e QG0.Q.Q.W% W
WZAIANNNV) ¢ ¢ @
TIO% R HH O
T I {1V UTIEY ety

o o wr s s s | -

o wn "

U Bl tLL W WL L OW
~u~>>~m—~<~

O
<+

! ofmdan 3 a0 &

)
10( 1o+ RE¥RE=2+ *RE*DCOS( 00004191 7%F*ALE*H2E/D1-C))

COMBINATION OF

-

NW
ND o0
4 o

Qe demt
e S |}
Qe 20 )

HHOO U~
Q= UQHS

PRI c.
oo ate e o o

AND DIFFRACTION

TWI RAY THEORY

OB fieds -t 3
. -

-D0))/7((D1-D0)*DLOGLO(DLS/DOI-

Aol Bt ~Sanhadt Jhath Beu Aat Sas hate INE Mt tun Sad S oy )

1 YMAX 9 YMINKKZ ¢yMODCURI

2 -~
- g P
o L
(=] >xus
[] -
7} >
-l <O
o v
X 17,1} ~— D=
Qe ~ -e
QQo - -~ g~
[EVITV L -— Q =ty
Q0» (=] Q D
- o= o -, o
- ~ -0 - |
Qe <t (7, ] O ol
QA - Qo [
WL et 00 e b 17
QQC= wiN VI «>C
B P O 40 [ ]
i -0 Qe -_——r
L = 1o O wQO M=t
-l 1ON O (=1 W'} P .
D e Dl IO =D -2
Omirt | QOO UL b=y ®
O i w) # Q¢ oV~
b +QO0ON= _Jmam ey
N Owd WOQedemet 8 ¢ DAOD o A~
- 00 £<<*8QIO -0 e
Od® ¥ ~ 1 4
L {=]=]=] B EEOJIJMO ¢ =) o O
[T % = UpwwLQY L Owwhes
IO+ + s | e | T X ZZ=
+XTQQ ordp)omvd/) & | =4 @ -9
Qe+ wiy N 2ZAOX 1% 34 | ndamiond
WOt ottt DL L J+OOO2Z DN
G § LLE N LT w | Twy IQ0gCIqY Q22
L (=1 ] waQ~~O—<—“ D (41T
NHOQO~=tH N HJUHN UNW Qxhc oOFE
4#mm<<uo~~omﬁuamuuoumz T L)
< QQ%W3<<¥;¥¥M¥¥<N<<¢W waa
Q [= T4 ]
(] 0
(88 ]
226

Y T T UL U )

-

\““1



)|

wrgel o
- 00
@ Qo
LOVW

862

[ TR J.°J e [THTE .74
€ 2w tttent Jo o (D it 3¢ K

22T L2PTRI2 ¥
gL wemg

- 4
[TV
’

AYVSSIIIN JT *SIXV A OGNV X INI110VWd
JNNILINGD O€

[S NS '8 18

N

0t 0L OS (NINWA s1e

P T Yy

227

re

01z
502

612 01 09 (XVNA
012 01 09 (NINWX

oZ o3¢
e AT L ST T ST

OW I T ORTITE OX
- -

- S0Z OL 09 (XVHX
INTWA®LY®(T)AYUC XVWA®LO® ( TDA YO NTWX® LI°(T)X° YOS X VKX °
7N VIVOY

-y

g e
Ol g Famigan e

N ot 0 XCrdt 03C 02O o)
e | wn i N ) om )} (Ve
- g

z
=t
(L)
- 4
<
Qe (0O b 3 e Om e S e

U
e
U QO ~xo—-x~>8n>-

I= Ou W Ou uw

) JONVY 40 IND 3ISOHIL ONI1107d ONV SINIOd A ONV X

N YT Owtl wr 1O wrtw et sty

OX
> 4
QO =l
(.4
of
w
]

SINIOd 3H1 107d 01 03sSN XIWLVW 3HI ST OIY¥O

v%% 01 09 (1°19°UNIOON) 41 R
., J0%057 0% G5Z J ANy T8 100 V1v0
h .
. SXHT M To4HTE SHT /09D aYHAR 08 I a3 Lo us 22T oV INT =

GOV VLVLLV

wrThwnw
a
=)

e
- e e
i
-
‘.
et
o Y. ot a

<
[

................



N o

N o (3] (74 ]
Neeg [, [> 4
L J ("3 w
out O e o~ ]
- [ X
>4 & D
32 8% 2
S 92 uw
-, - -d
S | oo b=
02 00> O W
e o O WV

WE nwx »
DX =9 - o
ot W ¢ [ JERTY
Swrhpt P ey » Q,
i) O edp DN O
o ok o -4
Ot wOmtX Q.

WO NP ON8 <
w
E
X
Q
)

PP W

)
4
o
—f
[
[ ] L =y
o o vy
X 2 e o
oy [ ] -~
w w e Q=
- -l al -
L4 < (L]
9 9 WUN O
(7] (7, ] of e oD
b4 p ) w bt (=~
a, D
[ 43 of = Q - W
Q& Q¢ [« 4 OOV ==N
21 21 - % Z22 O™
ol ) =iy L= o~
X o >0 - 4 n atdwal
)| - 1~ - O® >3 o ug
-~ 0 -~ 9 - w 4o \\:o
L vl - X = i e e 3
| td -4 WO pxX=2akX
e e a0 - (el T L ol -
- [ uw 22 ™ X ore )|
W W) - - - Q VL ¢
o0 ) -l L4 -0 "= 1 0L >
POXE qCw XZ <Cw Q 7. Y <= 00D
SN Lo Sw §~ e =t el o=
[TYITYE S 4 -l E VI N IXX Z =0 TXEL-000
DO EXE MO & DIUN ™ ) ovd o ad ¢ o0t 4
ZENN "N M ehY m wamam O Sepimstowiyl & &
LN al) al=m) W O CZOOHBRDIXOL
QLACmNNN B+ XK Ahi il | 0 Dmilioms ) Do 2D ol s 0 0 9 SO
2 I» g s Dew s s et Leww O VAN OOXXA.MWD
" lmwowwzwm WS -=wOWW £ 0ODWO VD Ikt =2
[ &%) -d Do ot Dt | Nod) ™ WO N HaA =0 N e
SBIBITIITISTOLNEI O FUrYRL i zEaR
2290 WwZOU OwZ N AWVL € wwiw Mieww= 2
NN DNUL. ONUIOVNL A0 DeUiV) 4J LuvuaaliLadoOwe
b9 2 & {=F CETED 3 Ja) T aly b & & SN - ST Sy T e T e T LT T
() o ~y "2 QO
) ® ® <* ~O
™ < ~
LUV Q

228

PP |

RIS Ny T 1




. L Ltet [
—— > o — — — -

.
- e

e et

3 94( 10X EL0e3)/15X %80, 8( 043566658k %10 ), 0 4%%0)

[
A
0
XSCALF
2040 IXeFLL G20/ 15X, 10 , 8( V4 k%4 %kb65&0 ) 04550

S
= Q
ol e
P )
] Q
w (L]
o
-
-~ T3}
N [+
° [
[« } L]
w w
[ 9
o °
> - 4
(] »
(=] <
(=] ®
x Q
° 2w
g L

E .
A )
A )
1 .E+8
) C
¢ 1PE1
17

This

QAL e i
QI XWIOWL
EN Nt Eet
Ol a0 §
WX>ULXOOELCI
et L Lot P Lk (D WAL, 00

e Oferd
- QO
it

OUTPUT SECTION WITH GRAPH
G
G
E
X

C
(o

-y
~
- -
- ~
-~ ~
(1] -
° -
Q ~N
(o] [ ]
[$7] v
- - ~f
- L] > [' 9
-t L] S -
-y -~ 4 b4
~ (V7] -~ [
w - <
- < - -
<~ O [, = J
N N ® -~
Ne > o N
>0 = 4 0o
e o T} ] -
-l 4 Q - ®
- a D vl 'S n
¢ - - -
o\ e o X W
S—Q e BN Q ﬁ ® O
T+ Xo 5 - <
XE e ~ - <
Crord ot O e . &£
oo =i} - 3% »
-~ W e » *» W
OXey ™w Q ¢ « Q
D4 o - - [4, T -
ot X ~d - o=
-y P «© - - - D
NI\rdod o - NN o TN {w]
PN Qe ved o » L X 4
Q> o 3 s % * Wiy
O o= oLt x e » 1 e
=ilidr O e W # *» Z
DD & we o~ (B3 ¥ T o=ty
Qews o0 =% o # #0O
G oL > > x » » NQ.
Imomed e e X % *» =
—afrd & e < » #» OU.
Q X wd et o $ L ™
NDwe(N W m O e We W
ZM » ) —wrd P dwsb=or
g4 <o QW IO <O~
s 0o Ve e o> Q=X
- OO0 VN e BdOe Ve BX
~“dOQ+Vrd » @ (L] NN Xe D
O =it de L} -t wid  WX# » -z
ae e Q - ¢ ® me Oe
rdoimtomead O, - ® edem o fweon
Lan I X oONX =

Nl o0 =

Wt MU ) bl = VNN O
vt ] oNO o\ O omilll.) *edQ S Oy
- Y w PO Wt O D 90w F Qwrl w
Qb whrd P -
og>m<om¢—om<~ waOwWsWtor
s (b o A Tl A DT 4o o L) ]
wtntf )] LDl L e
U LEZCIOXO=O KOO EOXOW OW
r—ttet Bl O XU T O B O B =L L

W PFOUN OV N NP0 O
-t Qe NwiO N OmONO
g vt TNE O
-4

229

)
LY gaLgE§?0- CANNOT SETUP PLOT GRIDe CHECK MAX & MIN Y

388
AL
DCUR=0

e O
Ol

CHECK MAX & MIN X

GR10D.

CANNOT SETUP PLOT

VALUES=0.
1.9)

X
0 OR

o
VD
0gL
o Q

e Q)

QO VwIXO

GR1

NO PLOT UNTIL

OT SETUP WHEN MOODCUR LAST 0 OR 1.

O_N
ETUPY)

d84)
GR1I
LY §

o L
Owild

-t Db AT A

waz
ot AT

HedWeZ Il
. 4

b ] o2 ATTT. 4

W<

X

Lotk = T ol a,
ZOABWWX O BRI (D
el TR ‘7&3&3

u
e
o
.1 -]
-1 ]

Q

oy
~0
-1 o]
DD

g
L. ]
o




-y
Q
)
™~
Q
0
.
ﬁ
-
%
-) -y o - () - -
~N® ~NO ~N ~N ~N
1 Q | - | ] |
% Qo om - o
e | «-fh) ¥ o P
s oy}  ofd. ] ™ L 4 -
L e 10 [ wt x| »
Ted <J - . Sond e ¢
- | - [V ) [TRCT Wi &
-0 -0 % Pe. . T, ) - . . ]V
% % [S1 ] (ST ) (81 4| (&1 X J
- e -JdO - o ~ e - it
<L <Lt DI N g (51 &N W -
ZW o 2W 4 ZUWiy, ZWwo ZUlp~
1N, 4. ] [TW. 1,3 'N. 2 e (TW. 4-°4
F 4] K= < Zr-0 =N
QmQ Qo OwQ O QA
2 ) o2 —ONZ —_e 2Z ) o2 —_O% 2
5 ety O ot f fum g ¥ OF ooy -
Od ¥ D=d D DIND Dad B -l D
Q) Za.<—0 Z20. k=0 Z2a.L=Q 20,00 AWwr=0
w2 DEZ2WL> DE2WZ o > -4 1T}~ XZLZ DE>PUZ
(=4 U el (T T 4TV T -4TV] Wy, ac [T [T, QT
@ (18] LV VL (EY8) WL

P

230

mat e |




'

4

RS
K

v
S
-

-y

R e J

.

fa
NGO
90

Stavm

/90

L
S¥IL1IN-N
N /90
u3/00

i /00

L

SHIL M
SUItw
90

00
SYILIN-N
MLENE

ea
S¥ILIN-N
ENVIOVY
SLINN-N
WILIN/OM
TL¥IH-9IN

WILYIA - mm e e e e meee —cmemmn

00°01 —ecmmcmmmmmecccoccmcmemmmmmememecec——cceeceeee-—=— NIVO WNN3INY ¥3A1323W
00*z - ———- -- SSCY INIT NOTSSIWSNVL ¥3IAT3I3Y
00°04= ~co-mreacemee - - ALTATZIISN3S ¥3IATIIY

09°68 ———n ——— -— memmemcmceecemccee= NIV9 YNNIUNY ¥ILIINSNVHL
00°7 cecmmcmeme—en - SSOV NI NOISSINSNVYHL M3 L1INSNVYL
00°000000T ~===meve—umn -— IND WINDJ ¥ILLINSAVEL

=== INdNT VYIVQ HI9N3IWLS TWNIIS ---

26S86°0-=— (GN) IINVISTIO SNSYIA SV NOILVANILLY NOJLIVE4410 40 JA¥Y 3.1 340 36401S
81°90% -~ (XAV) WWYNLI IW NOTIVANIZIY ¥IALVIS OMY NOLLIIVHAZIQ IV N NDTLVANILLY
02°2€1 =cewee (¥O) WNDI WV SNOTAVANILLY ¥ILEVIS OAV NOFLIV'. 450 2B3IHA 3IINVISIO
QETZT1°0—wuu (SH) 2INVESIO SNSUIA SV NOTLVANILEY ¥ILLVIS 40 JAWRD 3IHL 40 307§

0°0 —ccemmee=n (2%} ¥IV 40 FAUNI HIOONS ¥V 30 3407S SINIIIC AVHI INILIT4430D
97096°0~——~cemcs-== (1N} YIV 0 AN HIDOMS ¥ 40 34075 SINISIO LVHI INITIII4430D

92°90- cccccncmccmccea= (03V) 3IVES FIVWJ MOTIIE NOTLVNI LIV NOILIVYIIIO OILVNILSI
00°07 ~--ccercccemeeae (9TH) GNNOWD JA0CEY LHOTIH VANNI ANV WILRITSINVUEL TVENLINWLS
oco*cte ——— (9ZH) ONNOUD 3IADEY AHOTIH YNNIINV ¥IATIIIW TvuniINusS
EV°0€ <~cccermcacoccncac— (S3V) 3IV4S 32¥4 MO0 NOTRVNINILLY ¥ILLVIS 031WVNILSI
00°CT ~cecemmcmemccccmcmena—a= 3] INVISNOD J1¥1937310 2ATLVIIV WO ALIA121TNYNIS
16°62 ==--- - 1STIVY ST0 IINVASIQ LAV NOIIVANILLY NOD 1IVESII0
WSV mmcmcceccana- 1S9 SIINVLISTO NOTIJOH HiWYI-HIODNS 40 WnS
€0°09 ~-ccceccmcon- -—- --= (MO} LHOIIK NIVWNIL 40 IONVY 3V1II0VIINT
12°98= ccmccreccccrenm e mmmrecnacaseaee (V) FIV4S 33 MOV NDTRVANILLY
00°00f -~-ccocccem=- 155107 SYNNIINY NIINL30 FINVISIO
€zy10° —— em-  memee= 310 S3ITINV NDIIVAIII 30 WNS
00°067 ——+-memcmcecccmmmemmmerescemecaceermmmereeemeee ($N)} ALTAILIVESIW IIVIUNS
00§00°0c-cc—mccccreacmemmca— et rccncscommrmnee—eea  (§) ALIATLINONOT 3IVINNS
00° G285~~~ — m——=c {47 WNOIS 40 AIN3NOIYS

-= 91104) NOILVZIWVYOM

-=e SUILINVUVI NVYOOU4 ---

7

e BB B,

231




¥8°€22------0000°00¢
6€° €2 ~-=~~~-0000"L 62
€6°222-~-~~~-0000°967
R8°222--=-=-0000°162
€0°722~=====0000°0062
26° 122 =e=e=0000° € 92
21°122=====~0000°282
99°022~--~-~-0000"6122
02°022---~~-00009122
%1°612------0000°€ 22
02°612~===-~-=0000°017
29°012~~~~~-0000"2 92
9€°IZ ~===~=0000°%92
68°212«==-=~0000° 192
€¥°212--~~--0000°0¢2
96°912~~~~-=0000°5 €2
0§° NYre====0000°2ET
€0°912====~=0000°692
G2 eman==0000°902
60°CT2=--—==0000"€ 2

merMMﬁ«:u 3 d“-a

29°¥ 12 —~=---0000° 052
Y1*412—~——-0000°1€2
29°€ 12— ~-~=0000*¥€2
6 1°E 12--~--=0000°TE2
21°212—~---0000° 622
$2°7 12— ~--20000°522
92°112-=~---0000°222
L2°112—-—-0000°612
62°0 12—~=~-0000 *912
0€°0 TZ— = ---0000 *€Y2
29°602—~---0000°012
£€°602—~---0000°202
99°002--=---0000°%02
9€°002~—~~-=0000 ° 102
$8°L02—~---0000"F6T
$€°202--~--=0000°$61
$9°902-+-—--0000°261
S€°902—~---0000*801
€8°602——~---0000°981
$€°60Z —~---0000°€81

$$0 E&«ch uuhﬁm 10

48 °%0 2-——~--0000°001
€E°¥02-~—---0000°L L1
18°€02-—---0000°%2 1
0€°¢€02-—~-—=0000°"121
9 °202-—--—-0000"891
92°202-=—~---0000°$91
9 °102~-—~---0000°297
12°102-~—-=-0000"65 1
09°002~~—=~--0000"9G1
SY1°002~—~~-0000°€ST
19°66 | »—~=--0000°061
210°66 1-—---0000°L 41
€6°861-—--—0000°%% 1
96°26 1~—~-~-0000"T4"
€Y°261~—---0000"0€ 1
08°961-—~~-0000°GE 1
20°961=-=====0000°Z €1
16°26 1------0000°621
SL°68 1-—~--0000°921
05 W 1-—---0000°€21

ssod Bver 3V Eie

~== ViVO NIV¥V¥IL ¥ISA ~---

19°€81~~~=—-0000°021
€2°001~~~—-0000°L11
$0°LEl=="=—~0000°411
98°€ L{~~~——-0000"° 1Y
99°0L1~~~-—~0000°001
9%°1 9 =-=—=0000°S0¢
§2°9¥91~~=—=0000°20
€0°191~~-—-0000 66
18°L6Y~~———==0000 "9
LS°¥ST-~~—~0000 €6
€E°ISl~~=-—=~0000°06
L0°091~~-—=0000" 28
92°941-=-—-0000°8
€6°€41=~~=—=0000° 18
09°€ 91 ~~~——~0000"°8L
92°6 ¥ -~-~-—-0000"°5L
06°941~~-=—-0000°2L
€S9 ~—~—=0000 69
CT°¥ ¥ —==—=0000° W
L€V == =—=0000° €9

ssod s 3Vt 10

00000°628S (72¥3H-93W) ~J- TYNIIS 0 AININDIVY

Z€° €Y1 ~—=---0000"09
18297 -=—==-0000°25
09°241 ~—---0000°%5
16° 191 —————-0000° 15
€ ° 141 —-——--0000°8%
20°0%1-—---0000"5%
22091 ~~=---0000°2%
86°6ET~-=-~-0000°6E
88°6€1 ~=—-=-0000°9€
€1°8EY ———~-0000°€€
0E*LET—=--~-0000°0€
8€°9ET——=~-0000"22
9E°SET-———~-0000°¥2
02°9€T———---0000°12
99°2€T-—-—--0000°01
82°1€1 ———-~-0000°S 1
V€62 == -0000°2 1
9°921 ————--0000°6

Z€*€Z1 ===~ -0000°9

0E°L17 ~====~0000"¢

190) -tlm
SS01-SNY¥L 3 NViSIO

232

PR WU VT SR P

{ WY

JR. . R T B Y.




00°sTY

'l S

occey

L and-

-

00 26

oo°tet

00°08 1

oe*602

[l } 44

1S¥313N-%? IMVISIC (L 1))

00¢ 00°g22

0000040000060 040 00 s te0e
*
* .
. * e
° .
. . .
[ L)
p4 .
* * u
. ° °
. . .
.
: I
o
:
: cerd”"” e
e
: . :
[
. hd u
: ) .
[
: ) :
®
[ d .
: ) o
.
. ) :
.
. . .
. [
.
° : ”
L) .
® . .
: : :
° . .
. *
+ . *
. .
.
" ..00 "
. see "
LE A .
[ o .
b4 sene L
* (1 XX] ]
H eee M
4 eee”t” b4
[ b .
* [
* L 4
. [
* ®
. [
u L4
.
[T32 0000000800000 0099008900000¢00000000090009000003000000¢ 000000000090 10000080004
saedse 0%e3t sotdet 80 1! 08

09°15T NOWS SSOV-"SNVY¥L 2IVNIONS ‘HIVYD NOMS HIONIWES TYNDIS ONIJ O1

FINVISIO SNSYM SSOV-°SNYV¥L 40 10W

SSOV-SNYVL

00°+11

00 “€€l

30 °2¢1

oo it

Vo 06 1

00°602

00 °822

o6 ILON o

233

Ak

F—y -

LEPUR Wy WP Py ¥

Y




¥2°20-
6l°10~
(184 B
88° 00~
€%°00-~
16°6L~-
26°62~
90°6L -
09° 8L~
YyI°02-
9l -
[ £ 4 {24
91°9L~
6T°9L~
€9 sl
€ St~
06°%L~
[ 1 A4 7 2
96°€L~
6% €L~

niowIoLe

*s0ee NX 00°/1TT 1SVIT 1V 30 NYI SYNNIINY NIINLIE

~===0000°00¢
-===0000°L 62
-===0000°462
-===-0000° V62
-===0000°902
====0000°S 82
-===0000°202
-===0000"612
-===0000°922
~-===0000°€ 12
-===0000"012
-===0000°L 97
====0000"%92
====0000"192
-~===0000° 962
-===0000°6 52
——=a00n0* 2€7
—-===0000°6 92
~===0000°9%2
===~0000°€ 92

Uy
-91S wutcnm-a

20°€L~
821~
10°21~
6S°T2~
zrene~
$9°02~
1°02~
19°69~
61°69~
orLee-
Z2°89-~
€119~
229~
*1°99~
€2°99~
SL°69~
c2°¢9~
SL°Y9-
6Ty~
*1°€9~

=~~=0000°042
-===0C00°2£2
-=e=0000°%€2
-~==0000"T€2Z
-=~-=0000°022
-~==0000°§22
-~==0000 * 222
-~==0000°6Y2
~~==0000*912
=~=-0000°€72
-~==0000°012
=~=~0000 *202
-~=-=0000°%02
-===0000°102
-«==0000°061
~~=~-0000°S6Y
-~==0000°261
-~==0000°607
--==0000"981
~===0000° €81

8—ubW“MM|o—n mun«“m-a

.:nnm
HIONIVLS-

$2°€9-
€L°29-
12°9-
oL °m-
LA ad 3 2
99°09-~
1°0%~
1965~
00 °6¢ -
1134 14
10°8% -
2925~
€6°95 -
8E°9%g -
€9°S55 -
82°ss -
L1y°%-
1e°tg-
S1°8y~
86 °%y -~

IINVISIC ‘NEQ 00°09-

-==-0000°001
~===0000°211
~==-=0000°0L1
~==-<0000°1LY
-=-==0000°091
~===0000°69T
~~==0000291
~-=-0000°651
~===0000°951
~=~=0000"€ST
~-=-0000*0651
~—e-0000°2 %]
~===0000"4%1
~===0000°1%1
~-~=0000°9€1
~-==0000°GE1
~=~=0000°2€1
~===0000°621
~=-=-0000°921
--=-0000"€21

(L3
91S wuz¢bm-n

nion 381

18°19-
€9°0€-
SY°ge-
9z°2¢~
90°62~
99°62~
§9°22-
€961~
1z2°91-
16°21~
€L°6-
1%°9-
9%y~
€€y~
00°y -
99°¢-
(1134 22
€6°2-~
6s°2-~
yi1°2-~

=== SYIIINVUVY WILSAS NIAI® ¥O4 JONVISIO SNASUIA HIONIWIS TWNOIS ~--

«=—=-0000°021
-===0000°L11
-===0000°¥11
--==0C00°* 111
~-0000°80%
-==~-0C00°S01
-—=<0000°201
~===0000 *66
~===0000 ° 9%
== <0000° €6
-~=<0000°06
~===0000°18
-===0C00"° %0
-===0000"°19
-=——=0000°8L
-—-0000°SL
~— <0000 * 2L
-—==~0000"69
~e==0000 * 99
-==-0000*€9

{0
-91s uuz<-Mma

40 T3AIY INGNT ¥3AI3I3W v WO4

Loy~
L2*1-
00°0-
1€e°0-
z2°¢
810
o€l
<0°?
e
L1e°¢
o€y
22°¢
82°9
(L2}
y2°0
ze*ol
92°2t
91°41
gzeet
(1134 24
s

se0ve

~==~=0000°09
-==-0000°1¢
-=~~0000°%$
—=~-0000°1¢
-=~-0000°6%
-=~-0000°SY
-=-~-0000°2¢
--~=0000°6¢
~=~=-0000°9€
-=-=0000°€€
-=~-0000°0€
-=-~=0000°22
-=~-0000°42
--~=-0000°12
--~=0000"8%
-=~-0000°S1
--=-0000°21
-=~-0000°6

--«-0000°9

-+~=0000°€

.z:m
215  IINVLSIO

234

.

«W,

* .

w
.

PURSY

Soades

s

A

Al a e e Sa e

Y

adh




-y

SC Rt Bt

e i3

e ———"

& W Ry wp—

Si1iwm

NN /790

L (]
SYILIN-N
% /00

Wi /8q

N /90

90
SYItW
SYILW
o0

90
SHILIN-N
SYIIM

o«
SYILIN-N
SNYIOVY
SLINN-N
Y31 IN/OW
T193N-30

ON®CY —eeceemecceccececemecememcemaccmcccmcmeeae—eo—ee— NI¥9 YNNIINY WIA13IIY
00°2 —-mcmmccecccm—eccmce—emeeeccoccmceoce~ SSCT INIT NOISSIWSNYYL ¥3IAII03Y
00°08- —cmcceecmcccenceceme—emencemmeemeccmcescmeencomm=a—c ALTASLISNIS ¥3A13I3V
L LT S —— Y0 17 38 1" VF TU L IRV TR R 11 s 1]

00°2 ~cemeccccimccceccomeram—c—mcecec—es-= $§O0T INID NITSSINSNYYL Y3 1LTNSNYYL
00°0000001~=cmmcecomcemmersmascrnrcmcoacnmemenarnormnee (N0 ¥IN04 ¥311INSAVYL

=== ANINT VIVO HIONIWLS TYNSIS ~—~

ZELC6°0--~ (ON) FINVISIN SNASWIA SY NOTLIVANI LAV NOITLIVN4410 40 3AWND 3IHL 40 3400S
Z1°9% - IXOV) TVYNED W NOTRZVONILEY ¥ILLVIS ONV RDILIVENSIIO INIHA NOTLVANILLY
ZECCEY —=wm-- (XA) IVNDI JUV SNOTLVNANILIY ¥ILEVIS OAY NOILIVUIITG JuIWN IINVISIEO
GLETT O-mmme (SH) IINVISIO SNASYIA SV “OTRVANILEV ¥IRIVIS J0 IAWYD INL 40 I40TS

0°0 w=—=vecee=e (2YW) WIV JO JAWND HIOONS ¥V 30 34DVS SINIIIO LVHL IN3TD14430)
801S6°0-vmcamaama (TN WIV S0 JANNI HIOONS ¥V 40 IJOVS SINIJI0 IVHE INITD14430D
€8 ~——-eemccconccnn (0IV) IIVES 3IIVI NOTIIO NOTLVONILLY NCTILOVYASIO CGILIVRILSI
00°02 --v-comcccancoac (9TH) ONNON9 IA0EY IMITIH YMEA ANV ¥ILITNSNYYL TVYUNIINWLS
00°019 -e-eccecnconcccccecs (9ZH) ONNOND IAORY LHOTIN UNNILINY ¥WIATIIIY TVUNLIINNLS
1€°62 ~~mmemcccccacccecc (SIV) IIVCS 33¥I MOTVIO NCIRVALINIRLIY ¥ILLVIS GILVNILIST
00°CY remcccocccnmmccnrccncea—c (3] INVISNGD 3181737310 JATAVIIY WO ARIATLIINYIG
20°62 ~ececcemncrmcccccncmcc—acoa= {STV) S0 IINVISIO LV NOTIVONILLY NOT LIVHISIO
CE*RIT cmvcrcomridonccncacecremcea—sa (S0} SIINVISTIC NOTIJOH HIYVI-HIOONS 30 WNS
00°09 ~roccecrcrmncrrccmm e e aeene (HO) LHOIIN NIVWNIL J0 3INVY ITI1I30W3INI
69° €0~ ~cow- 13V) 3IV4S 33¥4 ROVIE NOTLIVANILLY
11S10) SYvMIIVY N3IINM1IIE 3IINVISIO

00°00€ ----- -
26€70°--ome —— ——— 1340 S9NV NOTLIVAZII 40 WNS
00°082 ~cocmommceonn -- ———— —=— ISM) ALTAILIVES3Y 3IVIUNS
00S00®0--—-ar—ecmeconcmann~ cneme —e=  1S) ALTATLINONDY 3IVIUNS

00° GZAG—mc e cc e e r e mem e e smmeeee eee == (4] TYNSIS 40 AININOIMS

WIIYIAecccmmcceccccccaccscceree cececceccesccacaraceaeemea ¢ T04) NOI1VZ WV I04

=== SYILINVUVL WYUIOUd ---

235

AN




B

00°€22-~----0000°00¢
$€°€22-~=~~-~0000"2 82
00222 ~===~==N000°y 62
29 }72===--=00C0" 162
96°122-~--~~-0000°#92
0S° 122 ~=~~==0000°¢ 82
€0° 122~~-~--=0000"202
L1$°022+~~-~-~--0000°6122
0V1°02?7«==--=-=0000°922
99°612~-~-~~-0000°€ 22
L1°6Y2=~====0000°042
0L°e1Z~-----0000"292
€2° 9 2======0000°492
9 °2 1 ======0000"192
62° LI ====~0000°9S2
28°912-~~=--0000°¢C 67
Y€°9Nweon-=-=0000°262
L18°€12==~===0000"642
6€°ETZ-==~=-0000°942
16°812-=====0000" €47

wwu.ﬁmﬁcn- uuhc“*-o

99 12--=~~-0000°042
SE°E T2 —~~~-0000 *L€2
19°€E1~—~=~-0000" €2
66°?12—~=~~-0000"1€2
06°212-===~~0000°022
20°? 12~~—==~-0000°522
€51 2=~ =~=0000*222
$0°112~=~~~~0000°672
$6°0 12~ ==-=0000°912
90°0 12 ~=-=-0000 €12
96°602--~~---0000°012
90°802—~~---0000°102
1$°002 —~~~~=0000 *402
10°002~—=~=0000° 102
96°2 02~—~==~=0000°961
90°202~~~~--0000°661
€6°902~~~-——-0000°261
$0°902~—~—-0000°601
9€ 602 ~~~~-=~0000°987
20°602~=~—-<=0000°€¢0 1

nwaﬁ r!— uu.-.«um fa

16°%02-—---0000°081
66°€0Z~-~—~~---0000"211
14°€02-—---0000°%21%
€6°202~-~—~~=~0000°121
24°202-—~~--~0000°991
06°102-~—~---0000°¢01
L€°102-—---0000°291
€8°002-~—~--~0000"6¢1
0€°002~—---0000"9¢5 1
92°66 1 ~—~---0000"€S1
12°661~—-—0000"0%1
29°86 1-—~=~--0000°2 %1
V06 T =—===0000°%41
9 L6 V~=—~=~0000°141
00°L6 (~-—~~==~0000°8¢T
L1°961-—---0000°S€1
61 ~~~=~0000°2¢1
%0°06 1 -—--~0000°621
% °9W1-—--~0000°921
09 °€9 V- ——~--~0000°€ 21

sso)28vur 39k

~~= VIVQO NIVY¥IL ¥ISN ---

61°081~~~-—-0000°021
oL Let~--—-0000°211
09°%21~=--=-0CO0°411Y
69°TLT~~~—=0C00° 111
8€°€9l-~~—-0000°001
92°691---—-0000°S01
$1°291~=~—=0000°201
10°6S1~~——--0C00 "85
19°¢S1~==—=0000"9%
21°281~~~—~0C00" €6
96°641-~-—-0C00 *06
$6°941+~~~=—==0000°20
92°941~~~~=~0000" %8
€6°69l~—-~—-0C00° 18
09°C4l---—-0000* 02
92°C4t-———=0C00°SL
06°991~~-—-0000"2¢L
€S8 ~me=0000° 69
SI°O8 w0000 * 99
L€Vl -~~—=0000" €9

sso¥%%hves 3 wvitio

00000 °S20¢ (21¥IH-9IN) ~3- TUNIIS 4T AININDIWS

Z€° €YY -—---0000°09
L0°2%1 -—~-~~0000"2¢S
04 °281 ~—~-~-0000°"%¢%
16°191 ==~-=~~0000° 15
QE* 91 ~—~=-~-0000"0%
28°0%Y -~-~~-0000°S*
Z2°COT ~—-~~0000°2%
96°6€1 -—----0000"6¢

88°9€1 ~——--~-0000°9¢
€1°0E1 ~~=——-0000°€ ¢
0€°2€1 -——--0000°0€
BE°IEY ~~~—=-0000"22
9€°SEl ~~—=~-0000°¥2

02°4€1 ---~~~0000°12
99°2€7 ~~~~=~0000°01
92° 1€t ~—---0000°51
*E°621 -~---~0000°21
$8°92 -——~--0000°6
2€ *€21 ~=—=~-0000°9
0€° L1l =~~~~--0000°€

(90) (L]
$SO1-SNY¥l 3IINVLSIO

WS WO SR I W S5 L P P

236

| SRR

.

. - R .
A mmialiniatts oy

/

SRR

L

k. WAL, W

“ .




T

AR e e e

T T

LA Badl. Btk St B’

P

~

00°%e 1T

00°¢ccY

00°2¢1t

00 121t

00061

00°602

00°022

1SY31IN-") IMvISIO

00° 00€ 00°s22 00°0¢1
0000000000000 00000800¢

CONOVI800900080806000000000000003000000000000000

6000800588 08080

09°141 NO¥J SSOTI-°SNVYL 1IVVUIONS °*HIWS WOUJ HLIONIWLS WNIIS ONT 4 OF

FMVLCSIO SNSUM SSOT-"SNVUL 40 L10W

000009200000 00000000000000000 000 0080090000400 0004800000800000
*

aﬂgﬂ..:OOOOQ.’OQa“MMMQO:00'0.3..““”“”*..00.080.‘..&‘“"0..:. :.00..000“&

190) SSOI-SNVNL

00 °6¢ 0°0
00°%1}
.
* .
.
.
° e
*
L
° [ J
b [
.° ¢ 00°€ET
[
-.e .
L X ] ”
con
(XXX “
LR 2] .
: :
* ¢ )O°S1
. .
.
o [ 4
L ]
.
.
.
L d
.
¢ Jo°nl
[ 4
[ J
L J
L J
.
.
.
L
*
¢+ 007061
[ d
.
*
'3
*
L 4
'3
3
.
¢+ 00°602
°
.
.
.
*
.
®
.
.
m [I'he 244

os JI0ON o

2317

1




T W TR T Y W T W TN T W T w Ty T~ w

AT diad Tade "Bkt 2

Cliin S
e .

Pl i

s00ss HY O0O°0ZT 1SVIT AV 3@ NVI SYNNILINV NIINLIQ FINVISIO °NEGO 0C°0%- 40 TIAIT INANT ¥IAIIIIY V W04 seese

02°28~ ----0000°00€ €8°2¢1~- ----0000°042 16°29~ ~-=<0000°001 61°86€- --—-0000°021 21°Y1- ----0000°09
*2°10- ~---0000°162 $€°21- ----0000°2€2 8€°29~- ----0000°221 01°9€- ~-—-0000°271 12°1- =--~-0000°1¢
2°1M~- ~-~-0000°v62 18°t2~- ---=0000°"%€2 10°19~ ~=--0000°%21 00°€€~- ~-—-000C°%11 09°0~ --~-0000°9¢
Z20°080~ ----0000°782 BE°TL~- —==-"000°1€2 SE°I9- ——=<0000°TL1 68°62- -—-0000°1TY 1€°0~ --~-0000°1¢
9€° 08~ ~~-=-0000°902 06°01- ~----0000°022 28°09- ---<0000°8917 91°92- -—-0000°801 22°0 ~==<0000°9¢
06°6L~ =----0000°S02 Z8°0L- --=--0000°S22 0€°09- -~---<-0000°69T 99°€2~ -—-0000°S0Y eL°0 ==~-0000°SY
€e*6L- ----0000°Z02 €6°69- ----0000°222 LL°65~ ~-=-0000°291 4§°02- -—-0000°201 [ 124 | -=«<0000°2%
18°82~- ---=0000°612 94°69- ~---0000°812 €2°65~ ----0000°6¢T 19°L1- —--0000°66 20°2 ~=~=0000°6€
0$°0 - ==~-=0000°912 $6°89- ~---0000°912 0L °9%- --~-0000°9¢1 LZ°41- -——-0000°9% [ 4 =~==0000°9¢
0°9L~ ----0000°€2? 94°09- ~-—=0000°€12 91°86~ ~-~---0000°cS1 21°11~ -—-0000°€6 1%°¢ -=~-0000°€€
15°12- ----0000°0¢2 96°29~- ~---0000°CIZ 19°16~ ---~0000°061 96°L -~ ~=-0000 * 06 [ 24 J ~===0000°0€
ot~ ----0000°192 94°29- ~--=--0000°102 10°86~ —==~0000°L41 §6°y - --=-~0000°18 22°¢ -==-0000°12
€9°92~ —===0000°%92 16°99~ —=--0000°%02 16°96~ -~---0000°%91 99°y~ -—=0000° %8 $2°9 ~=~-0000°42
91°9~ ----0000°192 19°99- ~---0000°%02 96°¢5~ ~--=0000°141 €E°Y - -—=0000°10 0%°L -=--0000°12
89°6L~- ----0000°9¢2 96°§9~ «~-—==0000°061 0%°66~ ----0000°8¢€1Y 00°y - -~—~0000°8L *1°0 ~~=-0000°01
T°Gl~ ~===0000°SG2 94°¢9~- ----0000°561 15°% ~ =-=--0000°CE€L 99°¢~ -—==0000°6SL (434} ] -==--0000°61
1°% - ----0000°262 66°%9- -——--0000°261 16°16~ ----0000°Z€1 0€E €~ --—-0000°2 92zt -=--0000°21
12°%2- ~===0000°692 Co°49~ ~---0000°601 ¥4 °8y~- -~--0000"821 €6°2~ -—-=0000° 69 9L°%\ --=--0000"6

61°€l- ~-==0000°942 96°€9~ ----0000°901 9€°Sy~ ----0000°921 €$°2~ ~——=0000°99 82°01 -===0000°9

T€°€l~- ~=--=--0000°F42 Z9°€9~- ----0000°€87 ez°2y~ --~-0000°€21 *1°2- ~—==0000 ° €9 0€°%2 -=--0000°¢

109 N80

1N ! 90 19 (W9 1NN (%90 Wi
z:.hua-mio-w uutanw-a z.-wzw:—. -91S 3IINVLSIC znw’wzhmlw—m w!«nm-n HI9NI¥LS -91S uuzc-.m-a

(1.2}
z—.OZW-:mao 1S IWMVLSia

~== SUILINVUV] WILISAS NIATC ¥OJ FINVLISIN SNSYIA HIINIVIS TWNIIS -~

238

-—n e m e

-




.y

Ty

=

2238233

Siywm

" /ee

o0
SYILIN-Y
W /00
wn/80
wn/e0

a0
SYIL M
SYILIM
ea

L]
SYILIN-N
SUI LW

L]
SUILIN-N
swiave
SEINN-N
312N/ 0N
TLVIH-IW

ceenccmc=cs NIVO WNNIINY ¥IAIIOIV

0001  ---- a——--
00°2 - —==c SSCY INIT NOTSSINSNVYL ¥3IAFIIIY
00°04~ —commrem—ceae cmmmemeomee RLTATLISNIS W3A[3ITY

09°Sy
00°2

ceeccemccmrmearromm e s e s m e memmneeme e om=c NI ¥9 YNNIINY W3 11TNSNVYL

cmcecemeaa SSOT INIT NDISSINSNYUL ¥IL1INSNVYL

craencne e ame

——eeemmeceee N0 YINOC ¥ILLINSNVYL

00°000000 ~rwr—mwemm

=== INdNT VIVQ HLONIVLS TNIIS -—-

€6226°0-~— (OM) IINVISIQ SNSUIA SV NOILVNANILRIV NOI1IV¥4410 40 3AwnD 3HL 40 34078
€0°9y --- IXGV) TVALI IW NOTIVNINI LY ¥31LVIS ONY NOTL1IVYIII0 JUIHM NOTLVANILLY
ST°6EY ~~===- XA} WND3I UV SNOTLVANZLLY ¥IL1LVIS OKYV NOILIVHISTO IUIHA IINVISIC
69C21°0=~m==-= (SH) 3IINVISIO SNSYIA SV NNILVANILLY ¥ILLVIS 40 IAWND IR 30 3401S

0°0 —mmem==e=e (ZX) YOV 40 JAWNI WIDONS V 30 34DTS SINDIIC 1VHL IN3TI1I30D
0SE26°0~~=cm—m=-a=== (IW) VIV 40 IAUND HIOOWS V 40 340TS SINIIIQ IVHL INI 3144302
29020 coem—cmcccomeo=e 103Y) 3I¥4S 33¥3 MDTIIG NOTLVWNILLY NOILIVH44IQ a3iveies?

00°02 ~~cccococmmmece~ (GTH] ONNDYS JA0OY IHOTIH YANIINY I LLTIWSNY UL IVENLINKLS
00° 019 192H) ONNOYY 3JA0BY SHOTIH YNNILNY ¥IATIIIW IVUNLINYLS
15°02 b (SIV) 37VeS 33¥4 ROTIIE NOTIVALNILLY ¥I11VIS 0IIVKILSI
00°s1 - €3) INVISNOD J1¥193731C 3A11VIIV ¥O ALTATLLINVIG
L34 Y4 1SIV) S0 JINVISIO IV NDTAVAN3LLY NOTLIVEINGQ
06°1I2Y ~~e-cemmece== 1S70) SIINVISTO NOZTWOH HIYYI-HIOOWS 40 NS
00°09 - - IH0) IHOTIH NIVUW3IL 40 JONVY 311I30¥IINI
69°70- ~vereome- -—— -= £3v) 33vd4S 33¥3 MOTI3I8 NOELIVANILLY
00°00€ -~~~-c-===c=- 113107 SYNNIINV N3IINLIIT IONVISIO
*€ce10° €319 SITONV NOIIVA2II 40 WNS
00°01¢ ~vo-comem=== - (SH) ALTALLIVN4IY IJV4UNS
00€00°0- - aee (S) ALTATLINANDD 3IVINNS
00° 628G~ n=-— comcccanmnee {4} WNOIS 40 AININOIYS

———— ${704) NOIL AVIINYIOJ

WIHIYIA- e crmwsmmcrrcc rrec—— e m—nn = ——

cee SUILIIMVYVE WVHOIOUd -~

239

alatia




16°€272-~=-=-=0000°00¢
€0°¢22~------0000"2 62
06°222--=~=-=-000C"%62
27°222~-~--=-00C0"162

€9°122-~~-~~~0000°08?
81°122-~e-==0000"582
22°022-~--~--0000°2827
$2°022~====--0000°61>
01°612--~--~0000°922
T€°612-—----0000°€ L2
€9°eTZ-=—---0000"022
9€°812-—-~---0000"192
88°212-=====0000"%92
19°112----=-=-0000° 192
€6°912~---~--~0000°952
5§99 Z---=--~0000°6S2
16°612==m=w=0000°267
69°S12~—-~-~0000°6%7
10°612~=====0000°942
€S°412--==--0000"€ 92

a) (12

SSO-SNYYL  IINVIESIO

§0°9 12-==-==0000"042
96" €1Z-—~~---0000°L€2
20°EV2=-=---0000°%€2
RGOZI2—~---00ND°1F2

60°212~=—---0000°622
09°112-=~====0000"622
1r°112------000C 222
19°012-~----0000"612
21°012--~---0000°972
29°602------0000°€12
21°602-—~----0000°012
29°802-~-----0000°202
21°802~~~~~-~0C00°9027
19°202------0000" 102
0Y*102------0000°861
6$°902-—~~~=0000°561
80°902-==-—-0000°261
16°602--~-~-0000"°6R1T
90°602~~~-—=0000°981
$G*402------0000 €61

W
SSOV-SNYYL uozcnm—o

20°%02-—---0000°081

0§ *€02~—~~-0000°211
16°202~—---0000°%2 1
%% 202 ~—~---0000°121
16°102-—~---0000°891
8€°102~—~~--0000"G91
$8°002~—---0000°29"
0€°007~-—=--0000°6¢1T
92°66 1=—-=-~0000"9S1T
22°66V-—---0000"€S1

19°86 1-—---0000°051
21°061 == ~~0000"L %1
96 °161~-—~=~~0000°%51
00°161-—---0000°1%1
06°66 1-—~-~0000°8¢€1
%6°261-—~--0000°G¢€1
15°68 1 ~—~-—0000°2¢1

19°981-—---0000°621
€9°€0 f~—-=-0000°921
$9°001~—---0000°€21

teq)

::M
$SOT-SNY¥L 3INVISIO

=== V1VQ NIV¥¥3IL ¥ISN ---

00000°$20§

L9°L11--——-=0000°021
89°%21---—-0000°211
89°TLT~-~~~-0000°411}
99°891-~~=~=0000° 171
19°69V~~-~~~0000"°001
99°291-~----0000°501
$9°681-~--—~-0r00°201
19°967-~-----0000 " 66
LS EST——=—=0000" 9
26°061~~~—=0000°€5
LY°L Y1 ==~~-—=0CO0" 06
$6°98(--~—==0000" 10
42°941------0000"%0
€6°C4T-==—-0000"19
09°¢81-—--—~000C " 8L
9Z°C ¥ ~--—-0000°GL
06°¥41-—--—=-0C00C" 2L
€5°941-~~—-~0C00*69

CST°441~===—==0C00°99
L°€41-~=-—=-0000"° €9

mwcammqucxp 3 uﬁawm 1¢

17143IH=-93IW) —d-

ZEEST~—---0000°09
18°241-~----0000°1%
09 °2%] -=~-~~-0000°%¢
16°191—~=~~--0000"1¢
8€ 191 -——---0000°"8%
28°04T1 ------0000°5%
22°0%1 ------0000°2%
86 °6El -—-~--0000°6¢€
90°0€1 -—---0000°9¢
€1°0€Y -~~~ -0000°€€
0€°LEY =—~~-0000°0¢
8E 91 -—---0000°"22
9E*SET-—----0000°92
02°9€1 ~———-0000"12
99°2€1 ~==~~-0000"8Y
82°1€T -==---0000°61
9€°621 ~=~~--0000°21
48°921~-----0000"6

2€°€2t ------0000°9

o€ LI ~——~~0000"€

1eq} -z“m-:

SSOI-SNY¥LT I INY

IVNTLS 4D AININDIWY

240

]

-

- 'aln_2_ & o

[P R

¥ N VDS VL SIS NP S

LN

———



-

o

008\ Y

00°cEt

00°261

on°rt

00°06 17

00602

00922

00° 00¢
8840040900000 00¢0 00

..00........0.........t.........‘...’.....0.0.....'.0

(X222 XY

32

IMVLSIO TASUIA SDI-*SNYW) 40 10V

00°622

C00%008900000¢0400 00000

1S¥313W-%) 3IINVISIO

00°

St 00 °S¢

oe
oee
cee
LX R ]
LX)

“gMQ..QQOOQQ...Q.&”MMM..OQ .O.QQQ....“MQMMM'...QOQQ. OO.'Q&&.QQQ...' ‘000000 C.ONW

sl

180)

0°0

.000'00000.00000.'0..’..00.0.OQQQOQOOOOQQOIQ

L J

*
*
[ ]
*
*
[ 4

*
[
*
*
.
*
[ ]
®
L4
L d
+
[ 4
*
*
1 4
[ ]
*
[ 4
[
*
4
*
.
*
*
[ 4
L d
*
*
[ d
+
L4
®
[ 4
.
[ 4
L4
L 4
[ ]
*
*
.
L 4
[ 4
*
L 4
L4
®
[ 4
*
*

SSDI-SNYY)

00°s11

00 €€

00 °2¢1

oo°1Ly

00°061

00°602

00 *822

09°T41 WONS STOV-*SNVUL LIVHLONS *HIVED MDN S HIONIWLIS TYNDIS ONIJ DL ee 10N o

241

-]

Aadhae Lo ta a2 o

e




4 eeeee NX O0O®E2YT SVIV IV 38 NVI SYNNIINY NI3nL38 FINVISIO *NGG 00°0%- J0 V3IAIY INANT YIAIIIZY V ¥O4 eseese F
. K
L, S d
A -
- 16° 18~ =---0000°00€ $Y°ll- ~=~==0000°042 29°29~ «-<=0000°001 10°9¢~ -=——-0000°021 ¢l  ===--0000°09 '
- §9° 18~ ----0000°262 96°12~ ---~0000°1€2 06°19~- ~~-=-=0000°221 80°€€~ -—-0000°L11 L2°1~ ====0000°LS . K
L 96°00 - ~---0000°962 LT~ ===-0N00°V€E2 1€°19~- -~---0000°421 00°0€~- -—-0000°911 00°C~ ~----0000°%S "d
26°09- ----0000°182 86°02~ ~~-~0000°1€2 $9°09~- ----0000°127 90°22- -—-0COO°TIY 1€°0- ----0000°1¢ :
$0°08- <----0000°902 6%°02~- --~--0000°922 1€°09~ -=-~--000C"997 £0°%2- -—-DC0O0°001 e2°0 ----0000°9%
1 0E°6Ll~ ~---0000°€827 00°01~- ~---~0000°622 8L°66~ ~---0000°69T 90°t12- -—-0000°501 e 0 ~==-0000°SY
t1°6L~ ~-=---0000°202 16°69- ----D000°222 $2°66~- =—-=---0000°291 40°01- ——=0000°207 [ [ 2 | ~===0000°Z% o~ j
€9°8L~ ~---0000°612 10°69- ~---0000°612 01°86~- ----0000°6¢17 10°61- —-0000°66 20°2 --==0000°6¢ ..N 4
M- ~---0000°922 26°09- ~-=~0000°912 91°¢¢~- ~----0000°9¢1 16°11- —-0000°% e -=-=--0000°9¢ )
T2t~ ----0000°€t2 20°99- ----0000°€12 9’1~ ----0000°€st 26°8~ ~—=0CO0C°€o 19°€ ~==-0000°CE p
€zt~ =----0000°022 26°29- ----0000°0V2 10°16~- ----0000°C¢T 19°6- -—~0000°*06 (1] 34 --==~0000°0€ 4
9°9~- ~=--=0000°292 20°L9- ---~0000°102 26°96~- ~=~--0000°L01 €6°y- -—-000O°L0 - 22°8 -===~0000°42 “
0Z°9~ -~==0000°997 76%99~- ~—=~0000°%02 96 °66~ =~==0000°90% 9%y  ~—<-0000°% »2°9 -—==0000°%2 T
10°€2~ ~~==0000°192 10°99- ~-——-0000°102 04°CC~ ~~~=0000°T¢1 €€°y- -—--0000°10 [+1 243 --=~0000°12 -
€€° 6L~ ----0000°062 06°69- ~~~~0000°0961 06°€S~- =----0000°0¢€7T 00°y- ~—=~0000°8L L 25 -===~0000°81 ‘ u
€0°4~ ----0000°CS2 66°%9~ ~~--0000°561 ¥ °06- ~---0000°S€T 99°¢€~ —-0C00°S2 2€°01  ----0000°S1V W.
L€°4~ ~=~-0000°2827 04°99- -—---0000°261 16°1~- ~~--0000°2¢1 0€°€- -—-0000°22 92 21 -===0000°21 K “
60°€L~ ~---0000°6%2 L16°€9~- ~----D000 601 10°¢%- ~-=-=0000°821 €6°2- ~-—-0000°69 9L°st ----0000°6 3
19°€t~ ----0000°9%2 99°€9- ~-=-0000°981 €0°2v- ----0000°921 14 34 2 -~==0000 *99 ez°8t -==~0000°9 o
€6°21~ -=-=-0000°€H2 ¥6°20- ----00CO°ERT €0°6€~ ~---0000°€21 $1°2- -—-0000°€9 0€°y2 ----0000°€ ...“

A

:—Luuﬂmoo-w uu...cbu 10 :hohmﬂmva-a uu...dumz_ z»ohmummlo-m wu...«nm-o :huhu“mmoo-w wﬂ“ﬂ“*—a :nwhm“m 91 mu&«w H{]

ot

2

~== SYILINVEYY NILSAS NIATS W04 IOINVISIO SNASYIA HIONIFWLS TWNOIS —-- .

- ;.
AP W




80 00°07 ---co—eeoncan -- —ace——-— NIVS YNNILNY ¥3A12I3V

80 00°7 —---cemoooeen - SSOY INTY NDISSINSNVYL Y3IATIIIY

wea  00°04~ ---- —-— - ALEAILISNIS WIAIINN

80 09°6Y mecmccmceeens - ———-~—= NIVD YNNIINY WI1LINSNVVL

80 00°2 --e-- - SSOT NI NIISTINSNYYL ¥3L1TNSNVYL

S11YA  00°00 1 - mmmmeemsecmmca—ee—— 1IN0 YINDJ YILLINSNVYL
=~~~ ININI ViVQ HIONIULS TYNOIS —-

WN/90  69108°0--~ 1ON) 3INVISTO SNSHIA SV NOTIVANILIV NOTLIVESS1 40 3AWND IHL 40 3401S

80 €6°CY --- (XOV) TYNDI W NOTLIVINILIV ¥ILIVIS ONV NOTLIVEIII0 I¥IHR NOTLIVANILLY

SUI1IN-NW  6T1°¥T ——=-c- (XA) TVNOI JWY SNOILVANILLY WILIVIS OKV NOTLIVNIZIO0 JWIHA IINVISIO

WN/90  £29Z21°0--—---— (SN) JINVISIQ SNSYIA SV NOIAVANILIV ¥I1LVIS 40 3AWND IHL 40 I40NS

W% /00 10°0 ===cm==-== (2%) YIV 40 IAUNT HIOONS ¥ 40 34075 SINIJI0 IVHL IN3IIT44309

WN/90 29T88°0--=-=-—c-===~ (I%) WIV 40 3AUNI HIOCWS ¥ 40 3d0TS SINTHI0 IVHL INITI14430)

80 L1°19- ccmccomo—wcaccee 103V) IIVES IT¥S MOTIE NOTAWINILLY NOTLIVYSIIO GILVNILSI

SWILIN  00°027 =—-=v=e—ccc—acce— (9TH) ONNOWS 3JA0GY LHOTIH VAN ANY WILLINSNYUL TVUNLIINrNLS

SUIIM  CO°0T19 —c-=vcemco—acccecam (OZH) ONNOYS FADGY THOTIN YNNIINY WIATIIIW TVUNLIINULS

00 212 1S3V) 35v4S 3792 MO13I0 NOLLVNINILIV WILIVIS 031YNILS]

00° 61 ———- 139 INVISNDI 3T¥193721C 3A11VIIY WO ALIAIRLIWId

00 8§°67 ~e——cemeeccmcccmcmce—ecee §SW) $10 3INVISTO 1V NOTAVANILLY NOTLIVE4410

SUILIU-N  §9°621 —wm== 1S70) SIINVISTO NOTIYOH HLIUVI-HIOOWS 40 WNS

S¥31M  00°0¢ (MO} IHST3N NIVVNIL J0 39NVY 311730W3INI

w0 er°ve- .- 13V) 33v4S I3¥4 NOIIQ NOTIVANILLY

$S¥ILIN-¥  00°00f £1S10) SYNNIINY AIINIIE IINVISIO

SNVIGYY TIETO®~ocwrmn -——- €311 SIONV NOILIVAIIZ 40 WNS

SIINN-N  ON°D¥E - aem-— SN} ALEATLIVH4IW IIVIWNS

¥ILM/MIM 00S00°0-~ -—-- -~ 1S) ALIAILINONDD 3IV4UNS

TINIH-OW  00°620G--—-~— — 13) WNIIS 40 AININDI 2

WITNIA - e comemcccscmenceameccec e (104} NOTLVZIUVIOY

s=~ SUILIMVYVd MYYINYd ---

243

-

P N I




.

-

AT R )

06°222~-~~-~=-0000°00¢
42 222-===~~0000°262
16122 ==~-~~0000°%62
0€°122~~~~-~~-0000°162
€0* 122~====~-0000"002
96 °022~~~-~--0000"502
60°0?2~==--~=0000"202
29°612~-=~~=0000"622
$T°812~-==~~0000°922
19°912+>==~=-0000°€ 22
02°f12~-~--~-0000°022
21°21 7> -==~=0000"L 97
$2°212me====~0000" 492
11°912w===~-0000° 192
62°912~=====0000" 952
10°612======0000°¢ &2
CE*CTIZwue---0000°262
¥9° 91 2=-==~-=0000°6 42
9€° ¥ 2-~-~---0000°942
09°€T2~~=~~-=-00D0°E ¥2

mwanmm«<¢n uuh«“m—a

6E°E T2~ =~=~~0000°042
06°2 12 ===~=~0000 *2€2
14°212--~--=0000°%€2
26°112~—===-0000°"1€2
€9°T 12--~-=--0000 022
€6°0 12-~~-=-~0000°€22
$4°0 12-=~-~-0000°222
96°602—~----0000°612
%4°602~=~=~--0000°912
$6°002~~~---0000°€12
$5°802~-~----0000°CY12
46°202—~--—-0000°102
€9°202=~—~===0000°%02
26°902~-~---0000°102
19°902—~-=~0000°861
08°502------0000°%A 1
6€°602~~-~---0000°26T
18°402—=--~~0000°681
9€°402~-~~~--~0000°981
*9°€02~~~----0000°£87

waaamm-.ccn nuu.dwm 1e

1€°€02-~~=-~-=0000°0081
61°202-—~-=--0000°1 11
92°202-—-~---0000°%11
€2°102~~~--0000°T2 "
02°102-—~—~-~-0000°991
99°002-—~~---000C°591
€1°002-—~~--=0000°291
85 °66 1 ~~—~-=0000°651
40°661~=~--~0000°9S1
64°861~~----0000°€ST
4°261~~~-~--0000°0%1
6E°26 1 -~==--0000°L YT
69°% {~~=w==0000°%41
99 °€6 1———~~--0000°1%1
€0°16 1~ ~—~~==0000°9ET
61081 ~~---~0000°SEY
€ °CQ (~——-——0000°2€1
16°201-~=~--0000°621
99°62 1~~—---0000°921
18°92 {-~—~~-~0000°€21

$SO1-SNYUL mﬂ-.d“m-o

--= ¥iV0 NIV¥¥31 ¥ISN ---

S6°€ELl~~~—=-0000°021
80°1{1~===~~0000"L11
12°091~~--—-0000°411
€E*S N ~-~—-0000° 111
$%°Z291~~-—=0000°901
9¢*651~--—-0000°$0 1
19°9§1~--—-0000"201
9L°€ST~-——=-0000" 66
§0°05 ~-~—~0C00°%
€6°L41~~-—=0000"° €6
$68°9%1---—-0000°06
CC°981~--—-0000°19
92°941~=-—-0000° %9
€6°C91~-~-—=-0000°T10
09°C ¥l ~==—=0000° 0L
92°¢ ¥ ~-~—==0000° S
06°941~~--—-0000°2L
€$°931~-~—=0000"69
ST°941~~-~—=0C00" 99
92°€91~-~-—-0000"€9

mnOaMMhdxu wuh«"m-a

ZE*EYY -~~~ -0000"09
L0°241 ~=—~-=0000"16
04°2%1 -—~--0000°%S
16° 14} ~----~0000°1¢
9E° 191 -——-—=0000°8%
28°091 ——-~~--0000°G¥
22°0%Y ~—=~--0000°2%
85 °6€Y-——---0000°6€
08 °8EY ~~-~~-0000°"9€
€1°Q€EY ~—~--0000° €€
0€°LEl -——=~--0000°0€
9€°9€) ~—-~--0000°22
9EGEY ———~=--0000°42
02°%€Y -—~-~0000"12
99°2€y ~-—~--0000°01
82°1E] ~—+~-0000°G1
Y€ °62) ~—=~--0000°21
$98°921 ~~=~--0000°6

2E° €2V ~—~=-0000°9

0€° 211 -—-~--0000"€

wwa.amm‘“!cn 3 Q...d.w 10

00000 *S29S (71¥3N-93k) -4~ TWNIIS J0 AINIMOIUS

24y




0011

h., 00°€€Y

00°251

e

oo°tet

00°061

: 00 %02

. 00°n22

00°00¢

1SYILIN-NT IMVISEO

00°622 00°0S1

190}

00 °si 0°0

G800 08000 2000880400800 0008 0083000238000 0008000000043080 4000080000080 000 90000080800 1000¢

VOS2 00208080 0003300085008 00080004+

(ZXIXIXIZTXZ I NIIIRA AL L R L L XL 2 J

&“““M.....0..00'..&“MMM..Q’.OO’..... .“M

09°191 WOU: SSOT-"SNVUI 1)V¥iONS

IMVISIA SNSYM SSOTV-°SNYEL 40 10V

*Q.Q..O... .Q...&ﬂ“ﬂ..'... ‘000 .0000.%

QO 000000000 +00000RENBIPNNNB0VRVT000000000 4090080300830 880000

‘HAVES WO HLINIVWES TYNDIS ONI S O

SSOI1-SNYuL

00 *411

00 €€l

00°2¢1

oo°tLt

00°061

00°602

00 °822

o JION o

-




eeese WX 00°927 2SVIT 1V 30 NV SYNNIEINYV NIIFALIE FINVISIO °NGC 00°0%- 0 V13AIY INANT ¥3ATIIIN V YOS eseee

0€° 19~ ~--~-0000°00€ 62°12~ ~==-0000°0%2 1L°19~- ~---0000°001 S€E°Z€~- -—-0C00°027 21°1-  ~-~=~-0000°09

$2°09- -~--0000°262 0¢°1L~ ----0000°1€2 61°19- «---0000°21L1 89°62- ~----0000°271 12°1- ----0000°LS

1€°08~ ~---0000°%62 18°02- ~-~-0000°9%¢2 99°09~ ~---0000°%11 19°92- -—-0000°%11 08°0~- ~----0000°%S

086°62~ ~~--0000°182 Z€°0L- ----0000°TE2 €1°09~ ~---0000°T11 €L°€2- -—-0000°111Y 1€°0~- ~=---0000°1$

€9°68~ =-=--0000"082 €8°69- ----0000°922 09°65~- ~~-~-0000°891 $8°02- ~-—-0000°%01 22°0 -==-0000°0%

96°82~- ~----0000°SE82 €E*69- ~---0000°€22 9065~ ~~---0000°691 96°L1- -—-0000°501 8L°0 ~-=<0000°SY

6%°8L~ ----0000°282 Y0°89~- ~---0000"222 €S°86- ~---0000°291 10°6 1~ -—-0000°201% ge°Y -===0000°2¢

20°02~ =-==0000°612 Y€°09- ~-~-=-0000°612 96°16~ ~---0000°661 91°21~- ~—=0000°66 20°2 ~-==0000°6€

s¢°1l- ----0000°912 ¥0°29- ----0000°912 ¥9°16~ ~=-=0000°961 $2°6~- ~----0000°9% 2L e -=-=+0000°9¢ ...u.O

10°tLt- ----0000°€22 $€°29- ~-—-000D°ET12 68°9¢~- ----0000°€S1T €E*9~ -===0000 €6 19t -=-<0000°¢t€ N

09°9l~ =-===0000"012 99°99- ~--=0000°012 $€°96~- ~--=0000°061 $2°¢~- -—-0000°06 0€°s ~~==0000°0€

21°9~ ---=0000°192 9€°99~ ~---0000°202 6L°¢S- ----0000"1917 €6°y- ~-—-0000°18 22° --=--0000°12 ,
€9°GL~ ~=-==0000°v92 €0°€9~ --~-0000°%2 60°S6~ --~--0000°451 ¥9°%y- -==0000 * %0 42°9 --~-0000"42 ..
L1°6t~ -==-0000°192 2€°69~- ~----0000°102 92°26~ -==-=0000°T101 €E"Y- =~—==0000" 18 0%°L -==-0000°12

69°%l~ ~----0000°8¢2 19°99- ~--=0000°061% €9°6%- ----0000°0€1 00°y- -—=-0000°061 L 284 | -==-=0000°01 ,
12°82~ ----0000°€€2 0€°99- -~---0000°¢H1 65°9%~ ----0000°SCT 99°¢€-~ ~—<=0000°$1 2€°0T ----0000°61

€1°€L~- ~--=--0000°252 61°€9~ ~--=-0000°261 CL°€y- ----0000°2€1 1] 24 24 -==<0000"22 92°21 -===0000"21 .
$2°€L- ~----0000°642 22°€9= ~~--0000°601 16°0y~ ----0000°621 €62~ ~=~=0000"°69 9L °s1 --=--0000°6 W
L2~ ====0000°942 °0°29- ~-=~=000C°901 90 °8€~ ~----0000°927 $6°2+ ~=—=0000°% [ 15d )| --=-0000°9 B ,
022~ ~----0000°€42 $2°79- ----0000°€087 12°¢€~ ~---0000°€21 Y12~ -—=0000 ° €9 0€°%2 ----0000°€ -

:»:ﬁmﬂwmls—w uu&«mm—ﬁ :-@hwahlu-n uu-..«uu—a z-ohm“mmlu-m wﬂ..«ﬂm 10 ..pu...mam =918 uu...«uw-o :-a-—.w“mm|¢-n wu-‘:“m-a ...

eec= SYILINVYVE NILSAS NIATS ¥O2 IINVISIO SNSYIA HIONIWIS TWNOIS —-




00°01 ~-cecercmcmec e -— —coom-c— NIVO WNNIINY ¥3IA13I3Y :

: n

. %0 00°7 - S —— -—- --== SSCY INIT NCISSINSNVEL ¥IATINIY
3 W0 00°0%~ ~-=---eceeeeccmeremmc e ccceeccccecccceeeer—emmee== A{TAJLTSNIS ¥3A133% .
ﬁ M 09°6Y —ccmmomoaeo - cmmmemecma NIVO YNNILINY ¥311THSNVYL |
ﬁ R0 00°2 —-m--cmceemmememm— e —cecmececccamaa $SOY NI NDISSINSNYYL W31 1INSNYHE )

S1iWM  00°000000V-~-—=cccmcccccamanon= -~ 1IN0 WINDD WILITNSNYEL toe

=== INdNT VIVQ HION3ULS TNIIS --- ot

WY/90 O€TE€Q°C~~-~ (OM) IINVISIC SNSUIA SY NOIIVANILIY NOTRIVYSIIO 40 JAWND IHL 340 3401S

80 09°¢Cy -~~~ (XAV) TVNDBI YV NOTLVANIILV ¥ILLVIS ONV NOLLIVY4310 I WIHM NDIAVANILLY
SHILIN-X $8°0ST --—~-- (XA) TVYNADI JUVY SNOIIVNANILLY ¥ILLIVIS ONVY NOILDIVY4IT0 IWIHM IINVISIO
NN/80 E0SZT1°0-====-= {SH) IOINVISIO SNSYIA SV NOTLVANILLY ¥IARLVIS J0 3AWND 3HL J0 3401S w
Wy /980 0°0 —=--=—weee (2W) ¥WIV 40 IJAYND HIOONS ¥V 40 340TS SINISIO LVHE INIIIT4430D (q]
WN/90 OfTEQ°0----cr=mv—ee (IN) WIV 40 JAYNI HIOONS V J0 3 JOTS SINTIIO LVHL INITIT13430D
90 09°6L- -~~+—c——we—ecee= (0IV) FIV4AS 33¥J MOTIIG NOTLIVWINILLV NOIAIVYSIIO 0I2VNILSI
SHILIN 00°02 ~-m-ccmcccccacae (9TH) GNNOYY JA0OY LHOTIH YNNI INY ¥ILLTIWSNVYL IVHNLIINNLS
SWIIM 00°019 (9ZH) GNNOYS JACEHY IHOTIN YNNILNY ¥IATIIIY IVENIINYLS
e 20°92 (S3V) 3Ivd4S 3344 MOTVIN NOTAVAINILAY ¥ILLIVIS OILVNWILSI
00°ST <~--ccccmccccccncco—aca—ae {3) INVISNOD J1¥1337310 JANIVIIV ¥O ALTAYLILIWWIG
80 €%°6¢ - ——=<== {STV) S0 IINVESIO LV NOTIVAN3LIY NOT1DVY¥I4IO
SYUILIN-N GI°TEY ~cemmoc—rccccccccomacc—caccas {S70) SIINVISIO NOITSOH HLIWYI-HIQDONS 40 NNS
SHILIM 00°09 =---cerovoccccccccccc—ccncccaaae (HO) LHOTIH NIVU¥E3 A 30 IONVY ITT1II0ONIINT
’ 90 09°6Ll- ~-----w—w-aca- —— -= 13v) 3IveS 33¥4 MOTI0 NOTLVYNANILALY
SHWILIN-% 00°00€ ~---<-cocececs ————— (1S10) SYNNIAVY NIIN13G IINVISIO
SNYIOVYY 96210° - comceccace== {31) SATINY NOT IVAIII 40 wNS
SLINN-N 00°02€ ----- — e eccmeccne e (SN) ALIATLIVYIIVY IDVIUNS
YILIN/OW  00€00°0---~--ccmceaa ——— == §S) ALTAILINCONDD IIVIUNS
2293H-93N 00°S28C---=~- - cecereccsncccaceees——=a {4) TYNIIS J0 AININDIYY
IVILYIA - -~ ccecccoccmcccocccarevanne~= ¢ {T0d) NOTAVZIVWVIOd

e== SYILIMVUVS WYHOOWd ---




28°122---~--0000°00¢
09°122--=~--0000"2 62
€6°022---~~-0000" 462
19°022---~~-0000°162
00°022-~-~---0000"862
€S°812~--~-~=0000"582
90°6(2~~~~~-=0000"282
66° A2 ~=-==0000"617
TV 2~ =—~0000°942
$9°L12~~>==~=-0000°€ LY
ML~ -==~0000°0L2
0L°91~~--=~0000"292
€2°912~~=-=~~00n0°992
SL°S12~e=-=~0000"192
L1?°G1~==~~-0000°"852
64°81(T~-~-~00CC°567
1€°912--~--~-0000°262
€8°€12-=~~=-=0000"642
CE°EIZ=aa==~0000°947

PE2 12— ---0000° 052
68°T 12-~=—-0000°1€7
00° Y 12----=-0000 * %2
16°012------0000°1€2Z
20°012—-——-0000 °$22
€5°602-—----NDOD *$22
44°602—----0000° 222
46°002-—--~-0000°612
»9°802—----0000 *9TZ
86°002—-—-0000° €17
44°202--~-~~0000°012
¥6°902-~--~-0000°102
$9°002-—-—~-0000°%02
£6°602----~-0000* 102
24°602—----0000° 061
16°402-—--~-0000°$6 1
09°402——----0000°261
68°€02-~-—~=-0000"6R1
1€°€02—--=--0000*991

t€°202-—---0000°001
19°102-—-~-~-0000°L 21
82°102-—~=-~0000°411
$2°002--~~--0000°121
22°002~~—~--0000°891
69°661-—~--0000°591
€1°661-—~~-0000°291
19°06 V=== =-0000°6S1
20°961 - —~--0000°961
26°261~—~-~0000°€ST
1€°96 1~ —~-~0000°06Y
12°€6 1—-—~--0000°2 41
€0°16 1 ~—~=~D000°9% 1
I -—~--0000°T0Y
219°681-—~--0000°8€"Y
66°28 1~~~~=--0000°S €}
0E*08)~-—~-—0000°2¢1
19°21-—~--0000°621
16°0L 1 ~=—<--0000°921

06°691-~——=~0030°021Y
82°991-~~—-0000°211
90°%91-~~—-0000" 61}
YE*°19l-=~—-0C00° 111
19°86t--~-—-0000°001
218°§§V-~-———=-0000°S0Y
29°€CT-=-—-0000°2017
L€°061~-~~—=0000"° 68
19°191-~-~—-0000"° 9%
€E1°L9T~-~—=-0000° €6
98°9%1--~—~0000°06
£6°9y1~-~-~—=-0000"18
42°941--~—=-0000"%8
€6°¢91—~~—-0000" 18
09°$91-~~—-0000°682
92°6 4l -~~—=0000°S2
06°%%1--~-~-0000"2L
€S°H 81~ ~-—--0000°69
S1°98%1--====0C00°99

ZECEYY =—--<-0000°09

29°2%1 --—~-0000°1$
04°2%1 ~=-=~-0000°4%
16°191 ~—-~-~-0000°1$
Q€ 191 ~—~-~-0000"8%

28°0%1 -~--~-0000°6G¥
22°0%t -——-~-0000°2%
86 °6€1 ~—-~-0000°6€
90°0€1 -——~-0000°9¢
€1°0€Y ~—-~-0000°EE
0€*LEY--~-~-0000°0€
8E*9€EY ~~—~~-0000°L2

9ESEY ~—--=~-C000°¥2
02°9€1 -~----0000°12
99°26( -~—-~—0000°01

92 1€l ~—==--0000°51
$€°621 -~----0000°21
$8°927 ~~----0000°6
2¢*€21 ~~—---0000"9

248

r 98°212--=---0000°€ 42 §8°202--~——-0000 €81 12020 1-—~--0000°€ 21 $1°€ 9T~ -—~0000° €9 0€° 111 -=——=~0000°€ 1
é 4
4 e "y 10g? M oQ) Iy ) 1) 80) T :
; ssot v 3w idio sse i iver  3wVitio ssod Bvur  39Wdie ssod®Qdvus 32110 ssol Sivur 3aWvitia :
v<~

- ‘
- .u
‘-‘ *
b

4 00000 *S28S (Z143IH-9IW) ~-4- TYNOIS 40 AININDI¥I

’ -== VIVO NIVY¥3IL ¥ISN --- i

o « .,
A (LA B A



———
1

1S¥3LIN-N) IINVISIO (909 SSOV-SNY¥L

A A e

00° 00€ 00°622 00°0S1 0) °st 0°0

.000.00...0.0.0.0.0.000...0..8.0‘.00..0000........0Q...QO..Q’0....00.0000000...0 [
1 oottt * ¢ oOO0°111
: . .
* .
. ° e
f : :
» I3
4 * *
. L
y " .
° e
06621 + ° *+ 05°621
[ ° L)
. * .
. ® »
* oot [
" s "
° e .
. . .00 ]
. [ N X T .
- 009 * b ¢+ 00°8Y%1%
[ d .
P4 .
* . *
. . .
[ d . *
. .
. . . [e2]
" . * =
.
05°991 : . + 05991 o~
. [ ] [ d
. * .
. . .
* .
[ ] ° 14
[ . *
. . L] .
. . .
. . .
ooset . . ¢+ J0°sel .
P9 .
Y * * v
° ° * '
[ * ’
. [} . ® T
° . . ‘
P4 LX) L ] .
' ] LY X P4 B
. o9 e . .
. 0S €02 M eee + 0§°€02 .
. PY eece 'Y R
. s e . A
be P9 (XX ) . .
. o6 .O. . M
[ ° b4
i . ....... .
.. " see " *
3 P oee * N
00 222 L y YT M 00222
0900098900 900900000009090000009004000 9500004000088 0603 0000000004 000080800 04000000009
%0200¢ 003832 0006 1 00 *g1 00 M

3 09°T41 WOUS SSOT-°SNYWL IIVNLGNS *HAVED WONJ MIONIWLS TYNIIS ONI 4 D1 ee 3ILDN o

IMVISIA SNSUIA SSOTI-*SNVV¥L 40 R0W




-

12°08-
LA .7 &
13 4T B
9°np -
(1 Ad T 2
€612~
9% 1L~
66°91~
26 °9L -
€0° 91~
eSSt~
0T 6L~
€9°9 -
[ARd /24
19°¢€L~
S1°FL~
Tecza-
€z 22~
si1°u-
9z 1L~

(1.}.14
2-32“¢~ -91¢

eotee MY O0°ZEY ISVIT

-==-0000°00€
—==«0000"262
~===0000°%62
-=--=0000°167
~—==0000°982
-===0000°¢ 02
-=-=-=-0000°"287
-==~=0000°612
-===0000"9227
~=e=0000°€L7
-===0000°022
~===0000°297
~===0000°%92
~===0000°792
-===0000"062
~-==0000°6 62
-~===0000°262
~===0000°6 92
-===0000°942
~===000N°€ 42

23V 1410

eL°0~
62°02-~
08°69-
T€°69-
20709~
€€°89-
*8°29-
Y€°L9-
48°99-
9€°99-
RGO
€S9~
*9°69-
€E°99~
20°€9-
1€°€9-
08°z9-
62°29-
1L°19-
$2°19-

1V 39 NVY) SYNNIINV N3IINLJE

e e0000° CHZ
~—ee0000 " 2€2
-===-0000°4€2
-===0000°1€2
----0000 *822
-~==0000°622
--=-0000"222
-~=-0000°612
-~==0000°912
-~==0000°€12
-~~=0060°012
—-=0000°102
———=000C *402
-~-=0000° 702
-~==0000°86 1
—~==0000°S6 1
~~=-0000°26T
~~==0000°681
-=e-0000°98 T
-e==0000° €01

Ny

z-ob““ﬂhua-n JINVIS 1O

IINVEIS IO *NEQ 00°0%-

€L°09~ ----0000°001
12°09- ----0000°221
09°6S - ----0000°%21
S1°66- -~--0000°121
29°06~ ~--=0000°R9Y
60°985- ----0N00°591
§€°16- ~----0000°29%
10°i6~- ----0000°6¢7T
19°96- ----0000°9¢1T
26°¢5- ----0000°€S!
2121°%~- ----0000"0¢1
171°26~ ~=--0000°L %1
€Y 6y~ ——--0000"%917
9 °9%~ --~=0000°15Y¥
10°% - ----0000°B¢E1T
8E°1%~- ~---0000°SET
oL°e€- ----0000"2€1
10°9€~- ~----0000°621
1F°€e~- --~--0000°921
19°0¢- --~--0000"€21
zpuh““ﬂMla—w wuh“m 10

06°L 2~
or1°62-
94°Z2~
yi°61-
10°L1-
12°% Y-
Zs°1 1~
e~
10°9~
123 2
92°6~
S6°%~
9°y -
€E°Y -
00°% -
99°€~
0€°€E~
€6°2~
§¢°2~
y1°2-~

--=-=0€00°021
-~==-0000°271
-—-=0000°%11
~==—0000° 111
-—=0000°001
-=—=-0C00°S01
-—=0000°201
-~==0000 * 66
-==«0000 *9%
~—=0000 * €6
-—~-0000°06
~—=-0000"18
~===~0000 " %8
~===0C00°18
-==<0000"°82
-~==~0000°SL
-—=-0000°2
-===-0000°69
-===0000"99
-===0000 €9

.uo@ -tzm
HI9NIELIS-91S 3IINVISIQ

~== SYILINVHVA HILSAS NIATO Y04 IINVLISIA SNSHIA HITNIYLES TIWNOIS -

40 T3AIT INGNT W3IATIIIIY v WO

2L°1-
12°1-
08°0-
1€°0-
22°0
81°0
[ 13§
20°2
2L
L19°€
0€°Y
22
v2°9
0%°1
sL°8
2e° ot
92°21
9Lt
L Tad 1
0€ °%2

.:nom
HIONI¥ES-DIS

o0 0e

~==-0000°09
-==-~-0000°LS
~==-0000°%S
-~=-0000°1¢
--=<0000"0%
--=-0000°S%
~===-0000"2%
-===0000°6¢
----0000°9¢
--=--0000°€¢€
----0000°0€
~===0000"12
-—==0000°%2
——=-0000°12
-===0000°81
-=-=-=0000°¢1
-=-==0000°21
-===0000°6

-==-0000°9

-==-=0000"¢

.t:m
AMVISIO

250




>

T

At S it e

80 co°ot et ddd —————— NIVS WNNIINY ¥3A1393Y

80 00°7 w----c-coomoooee SSOV INIT NOISSINSNYYL ¥3ATIIIN

N0 00°0% --—cew-mcccrecccarrr e e crrcceercrer e rer e cmccemm e~ ALTATLISNIS ¥3IATININ

00 09°6¥ --eccrcrrcercec e ec e ccve e rrmcrecmcer e eem= NIV9 UNNIINY ¥IL1L1RSNVYL

80 00°? cececrrecccnccrrc e cr e ccecrareccccae SSOT INI Y NOISSINSNVYLE ¥ILLIWSNYYL

SLIM  00°0P0000T~~~—~creccccc e e —ccarcccmercccecmeremm e m— N0 YIN04 ¥IL1INSNVYL
~=< INdNT VIVA H19NIWLS TYNIIS -—-

NN/90 60021°0--~ (CM) IINVISIO SNSYIA SY NOILVYNN3I LRIV NOTLIVYIJI0 40 JAWND 3IHL 30 3401S

90 €9°C% ~-= {XQV) IVFDI IW NOTLVANZ LIV ¥3L12VIS ONV NOTLIVHIIIO0 IWIHR NOTIVNNILLY

SUILIN-N CO°09T --—-~- IXA) TWNDI IWV SNOTAVANILLIY ¥ILAVIS GAV NOJLIVEIZ1Q IJ¥INK 3INVISIQO

WX/8Q 69€21°0~=—===~ (SN) 3IINVISIO SNASUIA SV NOILVYNNILLY ¥ILLVIS J0 IAWND IHL 4O 3407S

NX/00 0°0 ~==c==ccea {2%0 ¥WIV 40 FAYAD HIOONS ¥V 20 34075 SINTII0 IVHR INITIT4430)

HN/PQ 600LL°0-~~ccom=cnee (1W) ¥WIV 40 JA¥ND HIOONS V JO 340TS SINEJSI0 LVHL ENFII13430)

90 8G°Ll- ~emm—ccccac———= (03V) 3IV4S I3W4 MOII8 NOTLWINI QLY NCILIVEIII0 O23WHILSI

SHILIW  00°02 ~comwcemccc—coo- (O9TH) GNNOYS JFACGY [HOTIH YMNIINY ¥ILLTHSNYYL TVENLINWLS

SHILIMW  00°019 ——cmcccmcnmmccccecan (9ZH) ONNDYY JA0OV LHITIH YNNILNY ¥WIATIDIIB TVYNLIINULS

N WPOE7 mcrmcecmccmcaca—cas (S3V) 39V4S I3¥S MOTVIC NOTAVARNIRIY ¥W3ILLVIS OIRVNILSI

00°61 =“emccrcmcamnccccceaacee 13) INVISNOD J1¥1337310 IAFLIVIIY WO ALFATLIINYIL

e 2W°s2 ---- ——me— §STV) STQ IINVISIO 1V NOIRVAN3ILAY NOILDVNI4LA

SYILIN-A 69°0¢T - (S70) SIMVLISTO NOZTEON HIVYI~-HIODONS 0 WNS

SYIIW 00°09 IHG) LHOI3H NIVIN3 1 40 IONVE 311I30u2iNI

00 86°1)- ~ecccermcccana. $3IV) 3IvdS INiJ ROIIC NDIIVINILLY

S¥313M=" O00°00f ~--- ———— - (1S 109 SYNNIINY NIFINLIE INVISIO

SNVYIAQVY 08T10°~cvmcecemw mercccmmcec—eea (31) SITONV NOILIVAITII 20 WNS

S1INA-N 00°00% --c--ccccaa. —— cmececee— (SN) ALTATLIVYIIV JIVIUNS

YILIN/OMM 00600°0~cmmcmccacmccrrnccccommcrnccccrmrcarmeemceaa—e  (§) ALTATADNGND D 3IVINNS

TAYIN=-9IN 00°C286~----rmcanan meeee §4) TYNODIS 40 AININONI

WITLYIA ccmeecccocecrctccncerneeeae ${ J04) NOT IVZIIWVIOL

=== SUIIMVYVd WYYIO¥d ---

251




ks

-l

-

$2°02Z-==-=--0000"0N¢ 69°0 1Z2==~~==0000 * 092 16 °002-—~--0000°001 11°491-~=—-0000° 021 2€° €V ~——-=-0000°09 ._
t, 61°617--~~=-0000"2 62 19°012~==~=-0000"1€2 9 °002-——~~-0000°211 99°191---—-0000°211 18°257 -——---0000°L§ .
l, €E°612~=~=~~0000°562 26°60Z~~~=--0000 *%€? €6°661-—---0000°%¢1 01°6CT-—~—-0C00° 811 09 °241 ~—~~-0000°%S
% 28° AT Z=-==ua0000° 167 99°602---—-0000"1€2 19°66 t~—-=-0000°121 95°9¢T-~-—-0000° 111 16° 181 -——---0000"1¢
. 14°812-~~---0000°882 96°002--~---0000"0627 88°861-—---0000°991 T0°9GT-~~——-0000 °00 | BE *14Y ~—~-~-0000°8Y
9 96° L12-=~~-~0000° 5082 19°002--~—-0000°¢22 CE86 1~—---0000°C9T 9%°151---—-0000°501 20°09T-—---0000"G¢
S 04°212--+=~~0000"282 86°L02------0000°222 20°L6 1 -—=~=-0000"291 06°841----~-0C00°201 22°0%1 -—---0000°2%
|- 20°4122=a==0000"622 69°202~~=-~~0000°612 $9°96 1 ~—=—-0000°65T 29°L9T=~=+~-0C00°66 85 6E1-—--~0000°6¢
b’ §C°0N2-====~0000°922 00°202~~~~==0000°"912 L1°% 1o e 000095 T 09°L 91-~~— 0000 ° 9% 90°9E1 -———~-DDO0*9€
4 60°912-=~=-~0000°€C 12 16°902~—~~~--0000°€T2 69°16t-—---0000°€S T €1°L41~-~—-0COC*C6 €1°0€1 -—-~-0000°€€
£ 29°CI2-=—==~0000°0122 20°902~~~=~==0000 012 1Z2°681-—=--0000°051 98°981-~~—-0000°06 Of *L€T ~—---0000°0€
3 CT°CTZ=cunuu000N*L 92 26°6 07~ ~~=-=0000°102 2L 1-—~--0000°1 %1 $6°991---—-0C00°L8 E°9ET ~~~-~-0000"L2
! 09°9T12==~=~0000°992"* 20°602==~~~=0000 *$02 €2°W 1 -=—=~--0000°%51 $2°991-==—-0000* %8 9E°SET ——---0000°%2
n T2°812-«~==~0000° V92 26°9 02+~ =~==0000"° 102 910 1-—~-—0000°141 €6°S ¥ —=+—-0000"°19 02°4€1 ~~=---0000°12
B 9L°€T2-~=~~~0000°062 20°002-~----0000°"961 92°6L 1=—---0000C°8E Y 09°S81-——-0C00°06L 99°2¢1 ---~=-0000°81 o~
. 22°€T2-a==~0000°§ £2 26°€02~-=~-~0000°56 1 9L T1-—--—0000°G €T 92°S4T---=—-0000"6L 82° 1€ -—-~-0000°51 n“ 4
r. 61°21Z~====~0000°262 10°€02------0000°261 $2°9L Y- —---0000"2 €1 06°901~--—-0C00° 2L € °621 ~-~—--0000°21 P
3 Z2€°2V2=====~00006 92 0§°702~~~--~0000°601 €L°TL V-—=--0000°621 €S ¥ 4T---—-0000°69 99°921 -—--~-0000°6
b, $0°T12-~====0000°942 66°T0Z-~~==~0000°98{ 12°69 t=—===0000°921 ST°441-~-~~-0000°99 2€°€21 ~—----0000°9
’ € TITZ--~==-0000°C 42 8¥°102—~~-~~0000°€81 69°99 1~ —~-~0000°€21 92°€91---—-0000 €9 0€°2 11 -—----0000°¢ -
: ]
2 nne“mMn<¢. uun«wh.a unoammnce- uup«u 10 mna“mmucc_ uqb«nm.a muohmmaczn uu&«w 10 t11] mﬁucu- uuh«nm_a .v_

|

2 3
m. e
p, w.

: 00000°S28S (71¥IH-DIN) -4- WNIIS 40 AININOINS

s
, -~~ V1VQ NIVW¥3l ¥3ISN ---




E 200l

LR agih ol i

- w

e

o,

~

.

oc Ty

05%21

(B 1A

05991

no‘set

0S €02

00°222

00° 00€

1Su3LIN-N) INVISIC 190) SSOV-SNVEL
00° g2z 00°0s1 00 °Si 0°0
oooooooooooo.ooootooooooooooooo:oooo.o.ooooo.ooooooooo.3......::oo:-ooooo.o.oou 00°111
.
.
L ]
.
.
. °
s
.
* [
M ¢ 05°621
M 13
° '3
M .
LR 2 .
.. .
LEX ] ‘
[ X N ) ®
o0 .
[ XX 1 1] '
o oo ¢ 00°8%1
. :
. .
e
. 3
. ®
4 .
.
. .
. ¢ 06°991
. [
.
. s
. .
.
. [
. 3
. .
. s oosset
. .
. .
[
. .
. .
4 *
L X ) ¢
s e .
s o0 [
(LR ¢ 0¢°c02
LR} .
s ”*
o0 ®
(Y} ®
[ XX ) .
.
.
*
.
¢+ 00°222

.0..'.0....0........0‘..'......0.......0.0.‘....0..0.........0

boidd ] 00.0.....00“““0...6C.’l.....“.““ﬂ...ﬁ.b.‘. ..Q..'Ou

900 s 00 t00e 000000t
oncgez 00° 00 *st 0°0

09°T4T NOWS SSOT-°SNVYL [IVNIANS ‘HAVyD WOV J HIONIULS TYNDIS ON1 3 OL  ee 3ILON @

IINVISIO SNSY3A SSOV-"SNYV¥L 40 10W

253




sosee WY OO0°GET ISVIT IV 30 NI SYNNIINY NIINMLIIC JONVISIO °NEO CC°0%- 40 T13A3) INANJ ¥IATIIIN ¥V YO sesee :

’ $9°81~ =-=---0000°"00¢ 62°69~ ~~==0000°042 L€°6S~ ~~---0000°081 16°22- -~--0000°021 L1~ -~=-0000°09 ..‘_
H. 81°8}- ~~---0000°262 19°89- =--~-0000°1€2 €8 %95~ ----0000°217 90°02- ~--——-0000°L11 2°1~ -~==0000°L¢ .
.. €E2°22- --==-0000°%862 ZE°D9- ~==-000C*4€2 €€°0S~ ~~---0000°¥21 06°L1- -—-0000°411 08°0- ~~~=~0000°%¢$ R
N 12°1l- ----0000°762 L9~ —-=~+0000°T1€2 19°16- ----0000°%LV 96°%1- -~—-0000°111 1€°0- ~-~=-0000°1% L
' 19°9~- ~~--0000°802 9€°19~ ~-~--0000°022 82°16~ ----0000°991 18°21- =-==-0000°80T 2z°0 ~~=-0000°0%
’ €9~ ~-~---0000°S02 19°99~- ~=~-0000°S22 $1°96~- =---=0000°691 98°6 - -~==0000 °S0} 8L°0 -~=-0000°GY N
! R8°Gl~ ~==--0000°292 " 9E°99- ~-~-0000°222 22°96~- ==-=-0000"291 0€*L~ -—=0C00°201 [ 15 { --==0000°2y . _.M
', 28°6l~- -=---0000°6122 68°C9~ ~~~-C000°€12 §0°¢S - ----0000°6G1 10°9 -~ - ~0000 * 66 F{ it 4 ~~--0000°6¢ A..»
. S6°¥ - ----0000"922 09°¢9~ ~~-~--0000°912 26°2¢~- ~=--=0000°9¢1 08°¢ - - =000 *9% 2L1°2 —~=-0000°9¢
.4 69°%~ ~==~0000°EL2 16°v9~ ~-~=0000°€12 60°06~ ----0000°tS1 €6°¢C~ -e=-0C00 * €6 19°€ ====0000°CE ....:.q..u K
. 20°% - ----0000°012 29°99- ~-~-0000°012 19°24~ -~-=0000"061 ¥2°¢- ~--=0000 ° 06 o€’y ~~=«0000°0€ ™~ g
€6t~ ~-=--0000"L97 26°€9~ ~-~-0000°102 215y~ ==--0000°8 %] c6°% - -==0000" 18 t2ad 4 -~==0000°22
80°¢L~- ~-~-0000"-92 29°€9~ ~-~-=-0000°402 €9°20~ -=--0000°%417 L A Al 2 -—=0000 ° 48 $2°9 -~==0000"¥2
U v9°2- ~-==--0000°192 286°29~ ~--=--0000°102 S1°0y~ ~~--=0000°191 [ 24 T -~ =0000° 10 0%°} -=-=-0000*12
97°2U~- -~---0000°8¢€2 2%°29- ~--=0000°061 9%~ -~---0000"0¢1 006°y - -~—=0000°82 %0°9 -==<0000°91 i
29°N - -=---0000°SS2 26°19- ----0000°481 $1°GE~ ----0000°G¢1 99°¢€ -~ -~ =0C00 °S2 2€°0% --=-=-000C°C1 ¥
3 61°Yl~ =---=-0000°262 19°719- ----0C00°261 99°2€~ ----0000°2¢1 (1134 £ -——-0000°22 92°21 ~-~--0000°21 |
.‘. 22°00~- =~---0C00°682 06°09- ----0000°681 €1°0€~- -~---0000°671 €6°Z~ -~ =0000 *69 91°81 -=--0000"6 5
._. 92°02~ ~--=~=0P000°9%2 6€°09~ ~---0000°981 19°12~ ----0000°921 ¢6°Z2~ - =0000"°99 [ X4 1 --~-0000°9 Y
r.. U °69- ---~-0000°€97 08°65- =----0000°t81 60°62~- ~---0000°€21 12~ ~e==0000 €9 [ 14 --=«0000"¢ .A
b 3
w L1 & : “ﬂmls—w wuha“ 1a z-ohmam -91$ mu-—.«u [ L] Zhuhm“mmla-m wﬂ-.«"m 10 zpo-..m“wm -91$ wu-ﬂa“m fo :-a.—.wng_—_mlw-m wuva“ H{ ) u
r.. A -
r.. o= SYILINVUVY MILSAS NIALTD %04 IINVISIO SNSHIA HISNIVIS TUNDIS ---
r. 4
3
.\
.h
N
*
L S " '] 3 .1.414 0- o A b
o QT B




i Bt B 8

@ 00°01 ---- me- NIVO WNNIINY ¥3IATIIIN

fa oo0°? etabedieddadetid et - -=== SSCT INIT NOISSINSNVYL ¥3IA13IIN

N80 00°08~ -----se--ooscese - commecescocenmcee ALJATAISNIS ¥IALIIIDY

9 oo0°oV === NIVO VYNNIANY I 111NSNVY)L

90 o00°2 ceecee SSOT INTT NDISSINSNVYE ¥ILLINSNYYL

Siivm  00°s¢ e 100 YIN0J ¥ILLTNSNVYL
=== INdNI VIVQ HIONI¥IS TYNIIS -—--

WN/80  02892°0~-- 1G] IINVISIO SNSYIA SV NOILVANIRLIV NO1LIV¥I3I0 40 3AWND 3HL 40 34OTS

8 06°01 ~-- IXQV) N3 3w NOTAVANI LAY ¥311VIS ON NOTLEIVNIJI0 FWIHR NOTIVINILLY

SUILIN-N  69°00T ------ (YA} TWND3I JUv SNCILVANILLIY ¥ILLVIS OAV NOTLIVEIIIG IWIHR IINVISIO

WN/80  12607°0--~==-~ ISN) IINVISIO SNSUIA SV NOILVANILLY ¥ILLVIS 0 JAWND 3IHL IO 3401S

WN/00 LE€9GER°El-roma——aca (ZN) WIV 0 FAUNI HIOONS V 40 I40IS SINIJIO JVHL INIEIT4430D

WN/60 09L19°0-——c-=e==ce= (IN} YIV 40 JAUADI HIOONS ¥V 30 3407S SINIS30 AVNL INIIDI13430D

00 1S°€Y ~cecccmccrcmacae (GIV) IIVES ITWS MDVIC NOTLWINILLY NOTLIVVS4IC QI 2VNILS3

SUIIM 00°01 ~co-comeccccacas (9TH) GNNDYS JADEY LHOTIH VANIINY WILRINSNYUL TVUCIINULS

$¥3ILIM 00°0% (92ZH) ONNOWS JADEY LHOTIH VNNILNY ¥3IALI3IIN TIVNNLINUS

80 T6°6§ c~--cmcmcmcocmecce— (S3V) IIVES IIN4 NOTVIO NCIAVAINILLV VILEVIS G2AVNILSI

00°%1 ~ 13) ANVAISNOD 181337310 JATLIVIIY WO ALTATLLINYDG

%0 12°0¢ - ~— ISTV) S0 IINVISIO 1V NOLIVANIILY NOTLIVHSIIO

SUILIN-N TZT°ET 1$701 SINVISIO NOTINON HIVYI-HIOONS 40 WNS

SUILM 00°01t ——a (HO) INOI3N NIVWIL J0 IONVY VTII0WNUNT

90 si°€l 13v) 3IvdS 3344 NOII® NOTLVNANILLY

S¥213IN-N 00°0€ —==c 11S10) SYNNIINV NIINLIO IINVISIC

SNVIOoYe 00€00° 131) SIMNY NDIIVAITII 40 WNS

S1INN-N 00°062 e ISN) ALIAILIVUAIY 3IVINNS

YALIN/0  00500°0~covmenccnen €S) ALTATLINONGD 3IVINNS

T1YM-OW 00°0% - ceec= §4) WWNIEIS 40 AININOMS

WILVIA ———- - S 4049 NOTAVIEWVIDS

——e SHILIMVYYVI NYYIOWd ---

255




oA oy

PR |

66° G lam====0000°0C€
29°G9 Vo= ==00N 62
S2°SY1======0004"62
00°S% 1~~~ =-~0001"82
16°%¢-—~--~-0000°82
YW= m—=00065°82
16°081--==-=0002°02
GE°¥--=~-~0006"L7
22°%91--~==-=-0009°2 2
90°¥ (~~-~---000€°22
29° 69V ~em=e=0000°22
69°€4T--~--=0002°92
16°€8T~=m===0009 92
CECEY V- m=a==DOOT1°92
SI®EY V=00 09°6 2
28°Z89 Y ~=====-0006°62
212°20V=-—==-00N2°C2
6€E° 28 1~~===~0006°42
10°26T-~-=~--0009°%2
€9° 19 ==-~~=-000€°42

ssod2vur  wvidie

SSOV-SNV¥L  3IIN

$2°719 1o =~-=0000°92
68°0% Ve --~-0002 * €2
9990 Y —~~~-=~000¢ *€Z
10°041—~---=0001"°€2
19°6 €1 ~~=-==0000°22
22°6 €1 ~——~-=-0006€"22
18°8 €~ ~--—-0002°22
29°0€ET—==--0006"°T2
90°9EV—~--—=0009° 12
99° £ =m~-==000€°12
$2°L EV======0000° 12
€8°9€1~~~.--=0002 °C2
19°9€l~==~--0004*02
68°S EV~m=—==-0001°02
nmonn-lllllloawcco-
S1°CEV—-—--=0005"61
T2°9€l-----000Z 61
12°9€l-==~=-0006 81
€R°EE === 009 87
6E°€CEY~——~-~000F *B1

teg) (14 ]
vista

$6°2E1~-~=~-0000°81
06 °2% 1-—~-~-0001"°11
$0°ZE {~ee=n0004"L 1
86 °TET~==~-0001°2 Y
21°1€V=—-~-0008°91
€9°0€ 1 --~~~-0005°91
8I°0Et-—~~-0002°91}
01°621-—~~=0006"61
22°621~~—=-=0009°61
€EL°02V1~-—~-~—000€°C T
€2°021-==~~-0000°5 1
€122V -—=-~-0002°%1
€2 121 -—=--=000%°%1
U NI1-—=-==0001°¥1
02°921-—-~-0000°¢€1
19°62 1~ —==-0005°€1
»1°621-—~---0002°€ 1
09°821 ~=-~--0006°21
S0°921-—~---0009°21
69 °€21~—~--000€°21

Nl
$SOT-SNV¥L 3IINVISIO

--- YAVO NTVYH3IL ¥ISN --~

26°22%N=-~—-0000"21
$€°22Y-~-—-000L * 1}
9T ======000¥"° 11
L1°1 N ====—=0001* 11
96°027---—~0008 *°01
96°611---—~-0005°01
T€°6¥1~~-—-0C02°0Y
19°0 W {--~-=——=0006°6
20°011~~----0009°6
SE°LI-~~—-000E°6
99°9{{=--—=0000°6
96°C 11~~-~—-0002°8
$2°¢11=~-—=-000%"0
05°¥11-=~—-0001"9
S2°ENN~=-—~-0008°2
L6°Z2 1 =-~-—-000S "2
91°Z 1t---—=0002"2
e 11l=-~~—=0006°9
84°011~---—~-0C09°9
66°601---—-000€°9

1909 -tnm-o

SSO-SNYYL 3IINVL

00000 *0% (2293IH-93H) —d= TYNIIS 47 AININDIWY

L9°901 ~=~---0000"9
12°101--—-~-0001"S
24 °901 ——~—--000%"¢
19°901 ~—~-~-0001"¢

95°%01 -—---0008°Y
€4 €01 -~—--0005"Y
12°201 ~==—=--0002"%
26°00V ~—=---0006"¢

$5°66 ------0009°¢
90°986 ------000€°¢
€9°96 ------0000°¢
0L°% --——---0001°2
11°26 -—---0004°2
09°06 ------0001°2
€1°68 ~-——--0008"1
§2°60 ~====-0006"T(
11°18 ---—--0002"1
s€°ll -~=---0006°0
91°1l ~~=---0009°0
61°09 ~—~=--000€°0C

(80) (L2
vi

)
SSC1-SNYYL 3 NViSIO

256

Y




fS¥3tan-%) IINVISIO 190) SSOI-SNYNL
00° 0€ 06°22 00°s1 0S5 °L °0
R 0940000800089 0080000003000000880 800000000090 00080009¢8080 0000 000 0000800069000 08 0000409
. 00°0S * ¢ 00°0¢
. ® *
3 . b4
- . »
B . . .
¢ .
. " . “
.. . .
. PS e
d 19%9 14 ¢ 19°99
3 * *
. * L4
ﬁ. . b 3
4 ]
- * [ 4
: Y ° L
& L 4 *
, ° .
3 . . .
R €€ €9 + ¢+ €€°€9
. . . .
. ) .3
A 4 . .
y . : . b4
" . ot~
b " . " un
. ° . L d o~
b o0 00Y . * ¢+ 00°00t
. ° . .
< 4 hd [ J
. . >e .
2 . . .
1 4 b L 4
. e
3 “ oo "
rﬂ . ... "
3 tesett . Ry ? tocemt
! H . 4
b " ooooo "
. * LA N ] .
3 * oo 4
. . o0 .
o . . LE N ] .
. P oo * .
- €EEET . soe + €C°ECT
7‘ . (IR R ] .
: P9 se P
b * ese 'Y
. ° L) .
2 PY esee P
’ ° eesasses P
3 @ "terese °
. p4 [
b * L4
00°0¢1 * ¢+ 00°061
. ] 0000000900000 0000 000008002080 8000804000008800000¢ .'....0QO....OO.O.....'...OM. K
g os*2? 00°s 1 0 1 0*0
$4°19  WONJ SSOI-"SNVUL LIVEIONS °HEVES WOUS HIONIYLS TIWNIIS OMI s 0L se¢ 310N o

IMVISIO SNSYM SSOTI-°SNY¥L 40 10V




Y1°48-
86° €8~
18°€0~
$9°¢€8-
L19°€8~
OE®EN-
21° €0~
c6°78~
8L 720~
09°28~
€928~
c2°29-
Lto°ze-~
689° 10~
TL°18-
€S 19~
€E° TR~
c6°08-
25° 08~
e1°08~

.
-38

esees WX 00°%2

====0000°0¢€
~=-==0002°62
~~==0004°62
—ea=0ONY*82
-===0008°02
-===0005°02
—=-=0002°82
~===0006°12
~===0009"22
-===000€°22
—-—e=0000°22
~===0001°92
~===0004"92
-===0001"92
~===0000°62
~===0006°62
~===0002°62
~===0006°%2
——e=0009°$2
~===N00€°SZ

MI:—m wuzaum-a

1SsYN

08°62-
1%°612-
20°62-
€9°0¢-
€2°81-~
€8°L -
€9t L~
€0°L2-
29°9L-~
22°91-~
09°6L~
6€°G2-
16°%L -
[ 134 7 X
€1°44~
or°¢c2~
12°¢€ 2~
€e°ze-
6€°22-
$6°12-

.
sz

LY 38 NVD SYNNIINV NIINL3IE IINVISIO *NAQ 00°08-

~-==0000°"42
~e-=0001* €2
-==<000%°€2
~===0001°€2
~===0009°22
-===000S *22
-===000Z°22
-=--0006°12
~===0009 ° 12
‘e===000€° 12
~===00n00°17
-=--=0001°02
~=-=<000%°02
-===0001°02
-==«0000°61
-===0006S *81
-===0002Z°61
-=-=-0006°81
-~==-0009°07
-==~000¢ * 81

mnanw wu:dhm-a

16°1L -
90°1L -
09°oL~
10l -
29°69-
12°69 -
91 °99-
92°89~
eL°19-
62°19-
6L°99~
62°99-
60°69-
12°99~
9L °Y -
€2°%9-
0L°¢9~
S1°€9~
19°29~
$0°29-

(LAY

z.uzwn-mnwum uz

~~==0000°817
-—=-=0001"t 1
---=000%°11
—-===0001"2 1
~===0000°91
-===000€°91
-==<0002°91
~===0006°61
~===0009°S 1}
~~==000€°S1
-===0000°¢1
-===000L°¢1
-===00Co"%1
—===0001°%1
----0008°€1
-===0005°€1
-===0002°€1
~===0008°21
~==~0009°21
~===000€°21

(1] x-
vis

89°19~- ----0000"21
16°09- -—~0001°1T
2€°09- -——-0C0%° 11
€1°66- ~-=-000T7°11
21°6¢- ~--~--0r0®°01
06°8¢~ ~-——-0C06°01
Lte°Ls- -~-—-000Z°01
€2°15- --—-0006°6
86°9¢~ -—-0009°6
16°6S~- ~-——-000€°6
22°¢s~- ~-—-0000°6
26°¢5- -—-0002°0
08°€g- -—~-000%°0
90°€S- —-0CO01°¢
1€°2¢- -—-0008°L
€S 16~ -—-0006°L
2L°06~ ~-—=-0002°¢L
60°69~ —-0006°9
90°64- --—-0009°9
S1°8%- ~-—-000€°9
1990 10%)
HITNI WS -91S  IINVLSIO

—== SHILINVUVS WILSAS NIATO ¥WOS IINWLISIO SNSYIA HITNIYIS TWNOIS ---

40 T3IAIT INANT ¥W3A13IIW v 04

€2°49-
22°9%-
82°6y~
€2°00-
Y€y~
66°T1y-
11°09-
8%°6€-
[ A 54 134
29°9¢-
10°5€~
92°€€E-~
€ecle-
91°62-
69°92-
10°€2~
€E° 02~
06°s1-~
$0°6-

$9°0

s e 0

-===0000°9
----0002°$
—--000%°S
-—==0001°S
~—=-0008""
———-0005"%
—--0002°%
-==-0006°C
--—-0009°¢
----000¢°¢
——--0000°€
-==-0001°2
-=--000%°2
--=-0001°2
“==0008°1
-—=0005°1
~==-0002°1
~-=-0006°0
-—--0009°0
-~=-000€°0

HLINIELS-DIS w¥<—m-°

258




 —— -

80 00°01 <~---cco-scrcvocraccmranc oo ccssacnac e cov e NIV YNNIINY ¥IA13)IYM
%@ o00°2? e cesceseccoscmre s esneertoconarcacmnae §SOT INIT NOISSINSNYYL ¥IATIITY
W80 00°09- ---e- - bl seweee—e ALTATLISNIS ¥3AI3IIN
A0 00°07 -o-=- - e csecaccanecens NIVO UNNIINY ¥I11T0SNVYL
% o00°? ceccscncacsscces - SSOV NIT NI ISSINSNYYL ¥ILLInShVEL
S11vm 00°SE creereerececceenc et et e cam e cae s sne snecene (N0 YINDL ¥I LLINSNVYL
=== LNdNT VIVQ HIONIYLS TWNOIIS —-
WX/760 189vS2°0--~ 1OW) IINVISIO SNSWIA SV NOTLVANI LIV NOTLIVYAII0 40 IAWND 3HL 4C 3401S
90 9€°12 --- (XOV) WWAB3I I¥V NOTAVANI LY uILLVIS ONV NOTL1IVYAII0 FUIHM NOTIVANILLY
SYILIN-N 26°201 -~--=~- IXO) IVNDI WY SNOTAVANIL LIV WILLVIS OAV NOJLIVESISIO0 FTINA IINVISIC
/90 B08CT°0--===-= (SN} FINVISIO SNSYIA SV NOSIVYANIZLY t312VIS 40 IAWND 3HL 40 3401
WN/80 €T0€06°€T~mmcmvucnaa (2X) ¥WIV 40 JAWND HIOONS ¥ J0 3d01S SINISIIO IVHE IN31I14430)
WH/80 ENL99°Dvmo~eocce—e (IN) IV JO JAYNI HIOONS V 40 34075 SINIIIO AVHE IN3TIT13420)
00 99°€) ccecccmccccccces (0IV) FIVES IIWI MOTIG NOTLVANILAY NCTEDVUISIO0 CGILVNILSI
SYIIIN 00°0T ~ccccccmcomccana {JTH) ONMOYO JA0EY IHITIIH VNI ANY YILLTWSNVEL TVEFIINWUS
S¥3LIN 00°01 19ZH) ONNOYWD IACEV JHDITIH YNNZINY ¥IATIIIW TVENALINULS
90 TI°6¢ 1S3v) 3Iv4dS 23¥4 FOTIE NOTIVALVILEY VALLVIS O21WNiILsS3
oecst === (3) INVISNOD J1¥1337I10 FATIVIIV WO ALIATLLIINNIY
80 £6°0¢ STV S0 IINVLISIO LV NOLAVANILLIY NDI1IVY4410
SYILIN-N 22°92 - 1S70) SIINVISIO NOTINON HIWVI-HIO0DNS IO WNS
S¥itw 00°01 140D IHOTIN NIVYSIL 40 IONYY ITIII0WIINT
90 99°f1 13v) 3IveS 33¥4 MOVI0 NOTLAVNN3LLY
SYALIN-N 00°0€ (1S 100 SYNNIINY NIINLIE IONVISIO
SNvidvy sezoee — — (349 SITONY NOLIVAITII 40 NS
S1INN-N 00°O00f 1SN} ALTATLDVU4IY IZViUnS
¥3AM/00  00500°0 eme (S ALIATLIONONDD 2IVIUNS
7193H-938 00°0% cne==- (40 TYNIIS 40 AININOINY
WILYIA ——- == ¢1704) NOILVZIWVYIOJ

o= SHILINVIVE WVUOOUE ---

259




$6°SH 1 ~-~-~-0000"0€
RE°SOT——=~--0002°62
22°69V=~—-~=000%°62
$0°CHY—=----0001°62
0° ¥ V-ar---0008°82
2L V=== 000 5° 82
SE W t-naeaa0002°07
€ Tonu-==0006°L 7
12°0M 1 ~eee==0009"22
$0°%¥ 1 ~~=-=--000€°L2
99° EYT-~—=~--000C" 22
69°€4 T -~-~==-000L1"92
28°FY Ve nc=n=0004°92
LI°EY T ~or===0001°2?
06°2yV~~-==~=0008"S2
9 Ve OGS 2
L1°29Y~w~~==0002°S2
00° 9 1--~=-=0006"42
29 °I91--=-=-=0009°%2
§0° 19 V~eeua-000E°H2

wmahl?s-— mub«“m {4}

L9°081~—=~~=0000 * 42
6Z2°0%1—~~~--0001 °€2
16°6 €1~ -~==000% *€2
€6°6€1~~—~—-0001°€2
Y16 ¢l ~~~~==0000°22
SL°8 EY=wv==0006 22
9¢E°QEV—~~-==0002"22
16°L €V == e==0006 ° 17
28°2 ET=e=v==0009° 12
LV L EV~=====000€ * 12
Z1°9€Y======0000° 12
9€*9EV~—~===0001"02
S6°CET——~-~--000% 02
$6*CEl--=-==0001°02
ZVGET~~~~=~0C00° 67
OL° Y EV~—==-=0DO0C *61
02°9 €V ~m=—==0002"6Y
SO°CET~——~~——~0006 07
€V EET~e=-==~00090TY
66°2 €1~ ~--~000F * 91

wn:ﬁbcs wu&d“m re

€626 1-~~=--0000"01
11°261wee=-000L"2 1
L9°1E N ~—=~-000%°2 1
22°T€ ~=—=-=0001"2 ¥
91 °0€1-—~~~--0008°91
0E°0EV~~~--0006"91
8°621-—=---0002"91
LE°62T-—~--0006°61
69 °821~—<-=-0009°C 1
19°9021-—=~-=000¢€°C1
€6°221-—~---0000°S |
U2 T-—=—==000L°%Y
46°921-—~~---000%°¥1
€Y °92V=—~===0001°41
26°621-—~---0000°€1
19°621=—~=--0006° €Y
90 °92 1~ ~==0002°€ 1
SE°NV1-—~-=0006°21
19°€21-—~~-=0009°21
92°¢2t-—---000€°21

H mewmﬁccb mﬂ-.«“m io

~== ¥i1V0 NIV¥¥31I ¥ISN -~~~

01°221-~~—=0000°21
€1°22t-~-—-000L"° 11
¢ 12~ ——-000%" 11
16°02--~-—<=000T" 11
L€°0 2 ~~~—-0C08 *01
91°611~~~—~0005°01
Y1°611~~-—=0002°01
16°0 11—~ -—-0006"6
99°L 11 ===—=0009°6
02°211--~—=0(0€ °6
26°911-~-—-0000°6
€9°s tt~~-—-000L °0
N -==—=0004°8
GE*YII--~-—-0001°90
$9°€EV11-~-—-0C08 "1
19°211~~=—-0005"L
10°2 1Y ~=-=—~=0002°L
2t I-~~—~=0006"°9
04°0171-~=—=0009°9
€5°601-~-—-000¢ °9

ssod®vus 3 WVid 10

mwaa

19°80t =~~=~~-0000°9
99°201 ~~~---0001"S
19°901 ~—---000%°$S
49°60Y -~~---0001°S
€S°401 ~~—~-0000°%
19°¢01 ~~=~=--0005"%
02°201 ~~----0002°%
16°001 -~~~ -0006°€
¥$°66 -—-—--0009°€
90°86 ------000€°€
19°96 ------0000°€
2L°%8 ~—---000L°2
61°26 -~===-0004°2
€9°C6 ~~----0001°2
11°80 ------0000°17
62°$9 --——=--0006"1
10°19 ------0002°1
ec’Ll ~—-=--000¢4"0
W'l ~—---0009°0
20°09 ------000€°0

Swwur 3%vibio

00000 *0% 171¥3H-93%) -4- TWNIIS 40 ANINDIWS

260




00 °0s

19°99

€EEY

00 001

t9%91t

EEEET

00°0¢1

00 °0€

BCNNNBB08004800000800+000000000¢0000830080400000000060000000000

esovese

90000086 099 OOQOQ‘QOMMMMM.'I.. 0400800000000 000000003000 0880000 080880088 4000200000

$9°19  WO¥S SSOTV-"SNYYL IIVMIONS *HIVYO NOWJ HLONIWES TWNOLIS ONIJ 0L

05°22
00000000 00¢ 0800000000980 00008023 8004020000080 ¢08000006000800¢0080003000 000400800009

1S¥ILIN-N) IINVISEC

00°s1

see
sse
ee
» o0

00°s?

JINVISTO SNSHIA SSu 1~"SNVY¥L 30 10

5L

05 L

0°0

XY XIS ALRI R R RS SRS RS A2 AL RSS2SR A2 A2 2 2 2 2 Bd

‘o

0*0

SSOV-SNYYL

00°0%

L9°99

(2341 ]

19911

€ecel

00°0%t

oo 3JLON o

261

W S

SR N A




o
” sodte WY 09°%Z ISYIT 1V 39 NV SYNNIINY NIINLIG IJINVISIO *WEC 00°08- J0 T3A3T ININI ¥3ATIIIY V WOF seees
01°89~- ~---0000°0€ €2°6L- ~=~--000C°%2 11*n- ----0000°91 92°19- —~-0000°21 11%°4y- ~----0000"9
. ¥ °€¢~- ~~--00021°62 c9°02~ ~---000L°€2 19°00~ -=---000L°L1 69°09- ----0002°11 22°99- ----0001°S )
X L1L°€8- ~---0004"62 1%°82- ----000%°€2 €2°0L~ ~----000%*11 Z1°09- ~—-0C0%° 11 €2°6y- ----000%"S ._‘
: 19°¢€8- ~~-=0001°62 60°8t- ----000T7"€2 9L°69~ ----0007"L Y €§°65- -—-0001°1Y 02°4%- ----0001°S )
v 99°€9- ~---00C9°82 oLy~ ~---0000°22 2E°69~ ----0008°91 €6°8¢- -—-0008°01} 11°€9- —=—--0008°Y .
02°€8~- ~---0006°082 1€°te- ~---000€°22 98°89~ ~---0005°91 2€°98~ -—-0009°CY 16°1%- —---0005°Y 4
T1°¢8~ ~----0002°02 26°9L~- ~----0002°27 09°89~ ----0002'91 oL°ts- -—-000Z°Ct 91°0% ----0002°"% 4
' *8°20- ~---0006"12 2692~ ----0006°12 €6°19~ --~--0006°G1 10°2 6~ ~=---0006"6 19°6€- ----0006°€ o~ 4
11°28- ~--=-0009°22 €1°92~ -~--0009°12 $4°19~ «=—--0009°G1 29°9¢~- --—--0009°6 01°g¢- ~----0009°€ % 1
, 09°20- ~---000€°L2 €L°62- ----000F°12 16°9~ ~----000€°S1T 9L°66- ~-—-000€°6 29°9¢- ----000€°€ 9
. 29°20- ~---0000°L2 2€°6L~- ~-~--0000°12 69°99~ =--~-0000°G1T 90°SS~- -—--=0000°6 2C°s€- ----0000°€ 1
: €2°20~- <~-=--0001°92 Z26°%t- ----0001°02 00°99~ ----000L°"%1 6€°96~- ----000L"9 82%€€~ -——---0002°2 .
~.. 80°28~ -=---0004°92 16°%2~- ~~=-0004°02 06°99- ==~-0009"41 09°€6~ ~—=0COY"8 SE* e~ —~--0004°2 g |
r. €0°18- ---=0001°92 01°% - ~~--00071°02 66249~ —---0001°41 $6°2¢~ -—=0001°% 61°62- ----0001°2
h\ 99° 1R~ ---=0008°S? 89°€L~ ~~--000P°61 89°¥9~ ----0008°€1 02°2¢- -—~--0000°L €L°92~- ----0008°1
! 01° 18- ~==-0005°62 92°€L~ ~~--0005°61 16°€9«~ ~~--0006°€1 €8°T1G~ ~==-000S°L $9°€2- ~---000s°1
3 €2°08~ ----0002°S7 %9°21- -~--000Z°67 94°€9- ----0002°€1 €9°06- ----0002°L L1€°02- ----0002°1 C
.. 9€°08- ----0006°92 19°21~ ~----0006°01 16°29~ ----0006°27 19°6%- ——-~0006°9 46°¢l- =-~--0006°0 '
3 66°82- ----0009°%2 88°1¢~ ~~--0009°07 1€°29~ =—=--0009°21 96°84~ -—-0009°9 L6~ --=-0009"0
rﬂ 19°61- ~----00CE°S? €6°12- --—--000€°0Y 28°19- ----000€°21 90°89~ -—-0C0E°9 €9°0 --=--000€°0 u
4
. 4
‘... —:L.u.“ﬂmlw-w uuhaw 10 :nw'-.ma -91s wu&«“m—a z-ah-w.“ab_mca—w wuh«“m-o 8—9..“” -91$ wU—.a“ 10 xuuﬁuam&_w wu.-.a“ 10 L

\.. ~== SUILINVYVL HILSAS NIATO Y04 IINWLISIO SNSYIA HIONIYIS TWNOIS ~--




9@ 00°01 —~--- e ceeco=e NIVO YNNIINY ¥IATIIIYM
o, 00°2 o= - SSCY 3INTY NOTSSINSNYYL ¥3ALIIIY
Heg 00°09- ----ccceoo-ao —_— - ALEATLISNIS u3IAI3IIIY
@ o0°0V - —memmcscsccnecsnccnceeecvee NIYO YNNILNY Y3 LLTRSNVYL
a0 00°2 meeescesccacaccon— ——— = SSOT NI NIISSIWSNVYHL ¥ILLINSNVEL
Stim oc°se Ll ——— cm—cee— 10D ¥INOJ WILL11RSNVYIL
=== LINdINT VIVQ HLIINIULS TYNOIS —-
WN/790 B899€2°0--- (ON) IINVISIO SNSWTA SY NOTIVANI 11V NOTLI Y4410 40 3AWND 3IHL 40 3407S
00 9C°Z¢ --- XAV} IVNCI YV NOCLVANILLY ¥31LVIS ONY AODILIIVHIIIO I¥3HA NOTLVANILLY
SHILIN-N G061V ~——-w= IXQ) TVADI JUY SNOTLIVANILIV ¥ILIVIS ONV NOTLIVYSIIC IwIHR 3FINVISICO
HWN/80 OEBOT°0~-—---— (SH) 3INVISIO SNSUIA SV NOTRVYANILILIV ¥ILLVIS 40 3AWRD 3IHL 40 3401S
NN/90 TG166°Elommmmmma—n (2¥) WIV 30 3AUND HIOOWS ¥V 30 30VS SINIIIO LVHI INIII14330)
HY/00 6%€09°0-c-ccamcceae (1%) IV 4O IAYND HIOOWS ¥V 40 IMOTS SINIIIC LIVHL INITI14430D
00 6€°98 cccccmmcccmc-we= (03V) IIVES VI MO VIT NOTLVANIILY NOT2IVH44IC 0I2VYNILSI
SHIIM 00°07 ceccccmccnccc—ma {9IH) ONNOYS FAOGY AHOTIH VMNIINY ¥ILLIWNSNVYL TYYRLIINNLS
SYIIW 00°O1 - (9ZH ) ONNDUD JADBY LHOTIH YNNILINV ¥IATIDIIW IVYNLINELS
0 19°6¢ - 1S3V) 3IvdS 33¥4 POYIE NOIARVAINIRLY ¥ILLIVIC 0IL¥NILSIT
00°St - = 43) ENVISNDD J1¥17371310 JATIVIIY WO ALIAILRIwNId
90 €6°0¢ - === (SIV? S0 IINVASIC LV NOTLVANILLY NOILIVESIIC
SUILIN-N €2°22 — ~= €$70) SIMVISIO NOZIWOH HIYVI-HIOONS 40 WNS
S¥IIM 00°01 (M) IHOT3IH NIVUNIL 40 IONVY ITVT1II0NINT
A0 96°€l memavee (IV) IIVES II¥I NOTVIS NOTLVANILLY
SY3LIN-N 00°0F 121S 107 SYNNIINVY N3IN130 3IINVISIO
SNYIOVY €1200°~~-=mvccecone —— —== $31) SIVONY NOLLAVAITI 40 WNS
S1INN-N  00°06E - == (SN) ALTATLIVEIIY 3IVIWNS
¥313IN/0M4 00S00°0 ———- === S} ARTAL1INOND) 33ViWNS
T3WIH-9IN  00°09 - —— cemce—ec (4) TYNSIS S0 AININDIYS
WILYIA-wosem e ann 41047 NOLLVZIWVIOd

~== SYILIMVYVE WYYOOU4 ~--

263

et




W

T

-

26°Gy 1~=~-=-0000%0¢
9¢°CH(~=----0001°62
02°C¥V~=vv==000%°42
%0°SH1-~—==-=-0001°62
20°¥ 1 ~~—~--0000°02
Z21°%91~==-~-0005"02
96° 1 ~==uu=0002°82
SE° 49 T--=---0006°22
ST e 0009°22
08° €YV ~~-~-=000€"L2
99°€91-~=--=0000°22
T1°€8 1 ===-=-0001"92
LL°289V=====-000%°92
19° 24T ~~====0001"92
90°29V~e=aaa0008°62
T12° 19 ==eaa0006°S 2
SE* 19 lo~va==0002°52
66°0YT~~=---0006"42
€9°09 1 ~~wuw=0009°92
12°09 1 ~~—=--000€°>2

nwo—_kacxn wun«“r:

06°6€1----~-0000 *42
966 ET—==~=0002 * €2
L1°6€T-~=-~-000% °2
00°8ET—=~-=-0001 *€2
29°0€T--—-~-0009° 22
90°0€ 1--~-~-0006 *22
99°1 €1—~--~-0002° 22
A2°LET--=-~-0006° 12
06°9€T——--~-0009°12
1$°9€Tm - —=~000€° 12
21°9€1--~-~-0000°12
22°6€1-—-—~-0002 *€2Z
€ES €= -==000%*02
26°9 €T—==-~-0001°02
TSV ET-—=-~-0000°61
T1°% ET——=-~-D0OS *57
0L € E1—=~~=0002 61
62°CET—--~-0006"81
18°2€1-—-—-0009°9T7
SY°% ET—--~-000F * 81

wnoﬁ.-:c- wu...«th 10

20°2€t - —---0000°8 1
6§ 1€V -—=-~-000L°2 1
9T°TEl~-~----000%"L 1
2 0EY-—~-=--0001°L Y

82 °0€ 1-—---0008°9 1
€8°62V-——---0005°91
BE°6ZV1-—~--0002°9 1

26°821-—=---0006°51
9% °821~—---0009°¢S 1
66°L2Y-—~---000€"S1
2612V - —~~--0000"51
$0°121-—---0001°¥1
$6°921-—-—000%°4Y
90°9Z Y ~—---0001°%{
96°62 {~-—~~--0008"€1T
€02V =m-=--DDODS°E1
96°921~—---0002°€1
20°9ZV~—---0006"21
69 °€Z1-——-~--0009°21
$6°21-—~~---000€°21

wmd#mw..cz I} wu-.«um 1a

~== VIVQ NIV¥¥31 YISO ~-~

00000 *0%

09°221-~~—~~0000"° 2}

§9°121~e-—=0002° 11
82°12~w=—-0004° 1T
12°021~-~=—=0001° 11
Z21°021~--—-00006 *0V

26°61{-—--——-0006°01
26°011-~~-~—~0002°0V
62°8 11~=~—=-0006 °6

99°L 11--=--—=0009"6
10°21V-~-—~-000€°6
$€°91(~==——-0000°6

99°C11~===—-000L "0
96°% 11-=-—-000%°0
$2°4 (1 1==v==000T°8
0S°€l-~~~—~-0008"1L
®2°Z21l=>-—=000S"L
96°111~=-—-0002"°1L
ST°1Il~ewee=0C06" 9
1€°011-~~—~0009"9
94°6C1~~~-—-000€ "9

ssod8hver 3¥1kio

$Z21¥3IH-9IN} -4~

4$°801 --~-~-0000°9
09°20% ~—~--0001"°S
29°901 --~---000%"¢
6$°S0Y~~—~~=-0001°6
25°401 ~~~---0009°Y
BEE0l ~—~~~~0006°¥
81°201 ~~—~---0002°%
16 °00Y ~—~-~-0006"€
4$°66 ~—~--0009°€
90°86 --~---000€°¢C
69°96 --~—~-0000°€
SL°96 --~---0001°2
€0°26 ~~~---000%°2
89°06 ~——--0001°2
22°88 -——--0000°1
y€°¢8 -~~-=-0005"1
Le°19 -=~---0002°%
1l ——---0006°0
2*uw ~—--0009°0
$8°09 -=~~=-000€°0

(] (1}
wmoammruh m..!(»m—n

IYNDLS 40 ANINDIVS

264




- ‘\\
N —
F,. -

g

hx 1SY313IN-N) IMVLISIC 160} SSDI-SNYM¥L

:

r‘ 00°0€ 0622 00° 61 os°L 0°0

’ SOV 000000900 400000000040000080004000000¢00¢020000000¢ 000984000 008004400 700¢000008%00
00 0§ 2 ¢ 00°05
b . . ;

. 'S L J
-. Y L ]

, 13 .

. ° . .
. . © . ' 1

. L ] ¢ .
P, ° . :

: 19°99 . ¢ 19°99 -~
- : : _
- . > e K
g . .

L] . . )

s * * e
2 : : ¥
. . . e e

: [ 420 1 ] . + E€°€8 L,
' '3 . . ’
p - ® * ‘e

. [ 4 ° 4 l
P, ¢ ¢ b ‘2

K . * ,
3 . . . .

K ® A * M
“:_ " .. “ n_

y . . w -
ﬂ 00 001 “ .e “ 00 °001 o ..
T, ° * . o~ 1
-1 [ ] ‘A
.x * [ i
X . . .

. ¢ ? A
. : : .
# 29911 ’ * 29°911 ~
T b4 o ee 4 KR

! b4 N soe : !
W . ..... .

b " eee " "
P4 o000 PY ‘
". . (IR N J . .
({0 144 . ¢+ €EE°ce
- . *

. p4 .

- ° M R

. ® [ J R
- . o {
3 : : .

. b .

g : : :

. . .

. 00°05t * ¢ 00°0§1 %
B G090 00000E0020000080000000000000000000000090000000000000¢0¢000000000000048090000080080 .
ﬂ. 00°0¢ 0s*22 00°61 [ ] g°0 {
B 'y
. . .A
..“ $5°19 NOYS SSOV-"SNYUL LIVULIENS ‘HVED WOW S HIONIULS TNSIS ONIJ OL e¢ 310N o A_
s i
IMVISIO SNSUIM SSOT-"SNYYL 30 10W S




2 seeee NY 02°62 1SV3I) LV 39 Nv) SYNNIINY NIINLIQ IINVISIO *NGQ 00°00- 40 TIAIT INANT ¥3ATIIIIM ¥V YOI eesee

) 1
00°W - ~---0000°0€¢ 9%°8 1~ ----0000°%2 86°0L~ =---0000°017 96°09~ ~~-~0000°21 01°1y- —~-0000°9
2 26°€8- ----0002°82 ot°set~ ----000L°€2 €1°0l- ----0001°L1 19°09- -~—-000L°T1%} 91°9%~- ~-~-0001°$S )
- AQoE8- —--=-0000°62 €Lt~ ----000%°€2 269~ ----000%°L1 ¥8°66- -~—-0COS°TY G1°6y- +-~-000%°S ’
: 09° €9~ ~-=--0001°62 Se°tl- --—--0001°€2 82°69- ----0001°L1 t2°6¢- -—-0001°T11 S1°9¢- ----0001°¢ |
”. 4°€8- ----0008°02 84A°92~ ----0000°22 %9°99- ----0000°91 e9°¢s- -~--0C0@°01 80 %€y~ ----0000°% :
. 92°€9~- ----0006°82 09°91~- ----000§°22 6E°99~ ~----0005°91 80°9¢- -~-—~000$°01 ¥6°1y- ----0005°H . _
. Z1°€9~- ----0002°92 22°91- ~----0002°22 % °19~ ~---0002°91 L9°26- -~=--000Z2°01 %2°0y- ----0002°y s
b, $8°28- ----0006°L2 oGl --~-0006°12 0¥ °29~ ~=--0006°St $0°96~- ~—-0006°6 99°6¢~ ~--~-0006°¢
r.. °78~- =-=-=--0009°12 94°Gl- -~-=-0009°12 2019~ ~-=-0009°S1 22°9¢~ ~-—-0009°6 o1°8¢- ~---0009°€ ©
f 9€°29- ----000€°12 10°6L- ----000€°TC €6°99~ ----000€°S1T 16°66- —--000€°6 €9°9¢- -—~--000€°€ w !
... 20° 8- ~---0000°22 89°% 1~ ----0000°12 80°99~ ~---0000°S1 06°46~- ~—-0000°6 §0°¢¢- --~--0000°€ o~ .“
'. L9°19~ —=--0002°92 82°%1- ----000L°CZ 09°69~ -~---000L°%1 22°46- -—--0002°0 1€°€E~- ----0001°2 o
] ZE° 18- ~=~=000%°92 8R°€l~- ~---000%°02 17469~ ~—=~000%°%T 26°€§- -—-000%°9 6€°1e- —--0009°2 ’
.. 26°08~ ~-=-~0001°92 8%°€2- --~-00071°07 29°%9~ ~=-~0001°417 08°2¢~ -—-0001°¢ €2°62- ----0001°2 o
. 29°08~ ~----0008°62 90°€L~ ----0000°61 21°¥9~ -~---0000°¢} 90°28- -—--0008°2 82°92- —--0008°1 o
' 12°08~ ~---=0006°62 19°20~ ~-=-0006°67 19°€9~ ~---000G°€ET 0€°1¢- -—-000S°1 06°€2- ----000%°1
1 16°6L~- ----0002°S2 92°28~- ~--~-0002°61 01°€9~ ~---0002°¢1Y 26°06- ~----0C02°¢ €4°02~ +---0002°1 :
: €c°6L- ----0006°%2 €8°12- =--~=0006"81 86°29~ ~~--0006°21 12°6%- -—-0008°9 oc*91- ----0006°0
6T°6L~- ~-=--0009°42 €t~ ~---0009°01 §0°29~ ~---0009°21 19°99- -—-0009°9 €8°6- ~---0009°0
3 €0°8L- <----000€°%2 10°1l~- ~-~-000f *98Y 1619~ ~---000€°¢1 00°8%- -—-000€°9 65°0 -===000€°0 !

1w 10y 1 ) neg 1) 1480 W 1%e0 M)
w1t 0 ars  39VISte  wionieit-o1s 39VIRTe  wioN3Rie-o1s 3owvilto  wionduit-ors awvitio HioNTie-a1s  3Mvitio

e W W P SRR S Wi S -

c=~ SHILANVYVE NIL1SAS NIATO ¥OI IINWLSIG SNSUIA HIINIVIS TWNIIS -

— e a’




b .
g
=
P .
g 90 00°01 NIT9 YNNIINY ¥3IAI3ITV y
! 90 00°2 —e~emveeme-ee ———— —~== SSOY INIT NOISS INSNVYNL ¥3AIIININ .
s M0 00°08- ----- - — ALTATLISNIS W3AT3NIN A,
) 80 00°01 ceemaeeseme NIVD UNNIINV ¥32LINSNVYL
w 90 00°27 —-emeneemoen- SSOT VI NOISSINSNVYL WI L1 ISNVEL
X SEIVM  £O°SE -—~- ———- —- AND ¥INDJ ¥ILLTNSAVYL
. -
, === 1NdNI VIVO HIONIYLS TWNOIS -~ y
N .
3 .L
- X
1- ’ n_
. Y
2 N%/60 SHTTZ°0--- 1OM) IINVISIO SNSWIA SY NOFAVANI SV NOJLIVYSI0 40 3AWNI 3IHL 4C 3401S 4
g 90 0°C -~- IXGV) TVNADI 3W NOTIWINILLY WILIVIS ONV AOT LIVUSJI0 JUIHM NOTIVANILLY
- SYILIN-% 0°0 —~=-=- (YA) IVANI JVY SNOTAVANILLY VI LIVIS ONY NOILIVUISIO 3N3NM IINVISIO Ny
m. . wn /%0 0°Cemacmom ISH) IINVISIO SNSUIA SV KOTIVANILLY W¥ALIVIS 40 JAWN) ML 30 3407S ~ y
£ WX/80  ETOVET*YT-comcouac 23] VIV SO 3AUND HIOONS ¥ 40 340IS SINIIO IVHI INIEI14430) bt
2 /00 GOLVE 0=ccmmcmmemce (INF GIV 40 JANRD HIOONS ¥V 40 34075 SINISI0 1¥NL IN3ID 1334303 L
i 00 O1°6Y -—comcmmmcemceac (03V) IIVES 3IVI WDII0 NOTLVNNILLY NOTLIVEINO QILVRILST -4
3 SHIIM 00°07 -co-cemccomcacae (STH) ONDYS JAOGY IHOTIH VANZINY UT1LINSNVVL TVUNIONNLS
s¥3im  00°01 - 19211 GNNOWS JADEY ENS13H YNNILNY ¥IATIIIW IVUNLIOINNLS A
<, 80 0°0 cocceemecemccemeea (S3V) 3IV4S 33¥4 MO0 NCIAVAIYILLY WILIVIS GIAWNILSI
Y, 00°C1 --emmemcccmammccmceco—c (3] INVISNOD 1¥1337310 IATIVIIV VO ASTATSLINVIG
% %0 15°1¢ ce—ecum (STV) S0 IINVISIO IV NOTIVANIILY NDILIVUIIIO A
3 SYILIN-% TZ°0€ - - 1709 SIMVISIO NOTIVOH N1WVI-HIOONS 40 WAS A
. HIIM  00°01 - tHO) IHOTIN NIVWWI 2 40 39NV 31133Cu3NT o
& 0 o0 - —— 13V) 3Iv4S 33us ROIIS NOTIVANILLY o
.... S¥ILIN-N  00°0F (15100 SYNNIINY NIINIZE 3INVISIO ’
- SNYIOYY  05200° 1319 SIT1ONY NOTIVAZTI 30 WS ol
ol S1INN-N  00°00% : - (SN} ARTAIRIVNAY IIVINNS
g ¥ILIN/OME  00500°0- == 1S} ALIAI1INOND) 3IVJuns g
“,. TAUIN-OW 00°09 ~~ecmcmmmeno- 139 IYNOIS 40 AININOII
X WILIA - ———-- c—rosa-ec 1 704) NOTLIVITNVIOJ ‘
93 ‘e
5

$ -~- SYILIMVUYA WYYI0U4 --- i




$9°C¥T-==uu=0000°0¢
5 €1°681=cnmunc0002°67
X 284S 1o o-0004°62
1 0G°49T=cauu-0001°62
. 1°89Toencac0008°92
£ 99" € T=mmunua0005°87
g G €V Tmmauam0002°02
. 22°€EVT~=auc-0006°22
u 06°29T===n--0009°2 2
) 16°28 Vo maua000€°2 2
' $2° 29 Vaeaeuu0000"22
3 16°191--~=--0001°92
, 05 T8 T-=ncu0004°92
. T ¥ Toaneac0001°92
16°09T-=====0000°62
26°00To=em==000S°S7
: €2°0%1=~<-=-0002°G7
, 68°6€T—=uau-0006"92
- €Eo6ET-==a==0009"42
. 02°6€1-=~--=-000€°87

o ssnitBiver 3901 dra

CO°0€ET-==~~=0000"°42
0S°8EY--~---0002 * €2
ST €T —=-~-0000 €2
61°L EV=m====0001 * €2
€Y°LEY e --=-0008°22
10°L €V=====-000€ " 22
12°9€l~=~~~=0002"°22
¥€°9€T-~~--=-0006°12
86 El—=-==0009"°12
096 €l~-=-=~=-000€ °12
€2°CElmem===0000°12
CO*YEV~~--==0002 °C2
219°9E1we====000Y * 02
609 EV~===~=0001°02
02°CEY~m—~~=000R 61
TEEEl~w = ~~=-0006* 61
26°2€Y~=-~--~-0002"° 61
26°2 €l ~w~=~=~0006 “ 81
21°2€1~=====0009° 01
12°1€7—~-~-000¢€ *O1

sso¥Shver  30MVIdIe

0E*1ET~—~~--=0000°01
69°0€E1-—~--0002°21
19°0€1-—=--=000%"2 1
S0°0El~—~==0001"2 1
29°62 1~—=~=-=0008°91
61°82 1 ~—~=--0006°9 '
§1°02(~-—-~--000Z"9Y
1€°62 1 ~——~~-=0006°61
10°22 1 =~—~=-=0009°6 1
19°221-—~-<000€°¢1
96°92 {~—===0000°S 1
64°921-—---0001°%1
20°92 1-—--=000%°%1
$C°S21-—--=0001"¥1
90°6Z{~-—~---0008°€1
26°42 {=——=+-0006°€1
10°921-—~--0002°€ ¥
26°€2 - ==-0006°21
90°€21-—-~--0009°21
6221 -—---000€°21

{90) .tzm
SSOV-SNY¥L 3INVISIO

~== ViVQ NIV¥Y3IL ¥ISH --~

00°227-=-—=0000"21
19°121---—-0C0L° 11
26°02T===—=0004* 11
9€°021==-—=00C0T ° 1T
61°6 11---—-0008 "0V
02°611—~-—-0C0S “ 01
19°9 11---—-0002°07
00°8 11~=-—-0006"°6
8E°L I{~-=—-0009°6
€21°911~--—-000€°6
01°91l>~~-—-0000"6
€EY°CI--——-000L "0
SL°Y-=-—=0C04°8
Y0°911-=~-—-0C01°8
ZECEI~=~—=-0000"°2
L6°2 1 l~==—=-0005"2
08°111---—-0002°¢L
10°117~--—-0006"9
61°011~--—-0009"°9
€E°6CT---—-0C0€°9

.-e- .tsm
SSOT-SNVEL 3IINVISIO

00000 0%

$9°90Y ~~—~--0000°9
25°10Y ~——~--0001°$
$5°901 ——=~=-0004°$
96°G0Y ~——~--0001°¢
09°501 —---~-0008°%
9E"E0T ~=—~--0005°Y
11°201-—---0002"Y
16°007 -——--~0006°€
95°66 ~~-—--0009°¢
C1°86 --—--000€°C
€5°96 ~—-—--0000°€
08°96 -~—---0002°2
68°26 ~-=—--0004°2
80°06 -—=---0001°2
0£°98 -——--0008°1
€9°68 -——=-0005"1
96°18 ~~——--0002°1
€S°1l ------0006"0
SE°1L --—--0009°0
16°09 —---=-000€°0

(00} .xu
SSCI-SNvul IMWVL

(7193N=-9IN) -4- TWNIIS 40 AINIMDIVS

268




Fr

W —
3 _
A.

1.

o 1SYILIN-N) IMVISIO 190)  SSOV-SHYNL )

-.

- 00°0¢ 05°22 00°st 05° 0 .

. 00000000000 300¢ 00060000 0800000000000 9005000008080 4008990000%0 p
. 00%¢ + ¢ J0°0¢ ‘
2 : : g

L] " e
W., [ J [ .

[ 4 " B
ﬁ-.. ¢ [ °
b [ ] [ ]

* [ ]
b, 19°99 ¢ s 29°99 A

. * L4 .

. [ . LA

K L ] . [ T
e, * * .

W ® [ ] ‘.
'. “ . ” .
. . . 1

: * M . e
> €E°ED . ¢+ €E€°€0 4

. * d * A
P L * .

! * * . e el
2 : i :
r.. P4 . Py ... J

. [ 4 hd & "
A * hd [ 4

. . ® . * I
X 0007 1 . ¢ 00°001 N

’ H . 2 -]

© .

; . : ~ -
) [ ] [ ] o L
g : : 4
g : : X
3 19911 . + 99ty ‘4
S : . 4
s [ ] L ,

_- .. by nn.o by .-m
ﬁ. ’ " ssece " ~¢
hﬂ. " o..oo " ; .‘k
«. * [T X ) L
b {4131 . seses + EECEET .
h. . . o000 . L

00 &

2 : . ¥
b ¢ ases . L
$ ... : J
12 ¢ ®see . v .‘_
- P9 L d L.
b’ . . A
w. 00 0%t . ¢+ 00°0St L

. 004000000 00000800000090000000000400¢ 0040008980043 000 08009000 086 00 40080 00990400 >
2 00° 0¢ 05°2? 00°6t 0; *L 0°0 v
Y, o
t_‘ L ,‘_
g 99 19 WOV SSOT-"SNYNL [IVHIONS *MIVED NOWJ MIONINIS TYNOIS ONIJ 0 ee 310N ¢ Y
Y. IMVISIO SASUM SSOT-*SNYWL 40 107 ,“




b .
-
2 eosse WX OT°9Z 1SV3T IV 30 NVI SYNNIINV NIINLIG@ JINVISIO ‘WO 00°08- 40 13AIV INANT ¥IAIIIIW V WOJ eeeee '
b, .
¥
P, '
3 T0°09- ----0000°0¢ 1922 --=-0000°42 98°69~ ----0000°91 95°09- -—-0r00°21 00°Ly- ----0000°9
69°€0- ----0001°62 90°L2- ----0002°€Z 69°69~ ----0001°L1 20°09- --—~-0c01*T1 80°9y- ----0001°S
- 9E€0- ~---0000°62 T2°92- ----000%°€2 €0°69~ ----000%°21 89°65- -—-0004° I 11°64-  ——--000%°¢ "
» 90°c9- ----0001"62 €€°98- -—--000T°C2 19°09- ----0001°L1 26°05-  -=~-0001°11 0T°4y- ----0001°S
v2°28- ~---0009°92 68°52- ----0000°22 01°99- ----0000°91 SE€°05-  -—-0008 01 90°€y- —--0008°% g
3 29°20- ~---0005°02 €9°S2- ----0005 22 S1°19- ----0005°91 91°L6- ~-~-0005 01 26°18- —--0005°%
a8 0veZe- ----0002°92 £2°61- ----0002°22 16°29- —---0002°91 11°2§~ -—-000Z°01 €L°0y- ----0002°% :
g 82718~ ~---0006°22 06°%2- ----0006°12 18°99- ----0008°61 95°95- -—-0006°6 15°6E- —--0006°¢ - o
2 SH°18- ~=--0009°17 ¥6 9L~ ----0009°12 €9°99- ----0009°51 ¥6°§5- -—-0009°6 21°8E- ----0009°¢ ~ .
2 €1°19- ----000£°L2 942 ----000€ °1Z 16°69- -=--000€°S1 T€°§6- -—-0C0€ "6 99°9€- ----000¢°¢ o~ B
09°08- ~---0000°L2 62°€2- ----0000°12 26°59- -~--0000°61 99°45- -—-0000°6 8C°se- ----0000°€
29°00- ----0001°92 T9°€2- ----0001°02 $0°69+ ----0002°91 66°€5~ ——-000L°9 9E°€E- ~---0000°2 x
5 2108~ ----0009°92 £0°€2- ----0008°02 0599~ —~--0000°41 TE°Es~ -—~-000v°0 GY°1E- ----0004°2
006~ ----0001°92 $9°2¢- ~---0001°cCZ 01°99- -~--0001°81 09°2¢- -—-0001°9 0fc6z- ----0001°2 .
. 10%6L- ----0000°57 92°2¢- ----0008°61 29°€9- -~--0008°¢1 99715~ -—-0008°L €8°92- ----0008°1
L €1°62- ----0005°¢Z 19°T2- ----0005 61 £1°€9- —---0005°€1 €1°15- -—-000§ 2 66°€2- ----0005°1 ]
- 62°91- ----0002°52 L9°VL- ~---0C02°61 €9°79- ----0002°¢1 9€°0s- -—-0002°2 25°cz- ~---0002°1 ]
B Se°8L- ----0006°%2 80°T1-  ----00nE *BT €1°20- ----0006°21 15°69~ -+--0006°9 60°01- ~---00086°0 y
A T1°0- ----0009°%2 $9°02- ~---0009°01 29°19- ----0009°21 Y194~ -—-0009°9 16%- ----0009°0 "4
N 9ot~ ----000£°%2 12°02-  =-~-000€ *01 60°19- ----000¢°21 6820~ ——-000E*9 €5°0  ----000¢°0
w188 ars 39Wihe  wiol¥illors 1MTli0  wiol¥8llors 1l winliloars saWMlie  wodSHlors 2aWibie u
.,
', _..J
- 5
2 ..'.L
3 -
4 ~-~ SUILINVUVE WILSAS NIATS YOS TINVASIQ SNSYIA NINIWLIS TWNOFS —— “
. S
: .
SN 4
L SR




2% PR A A AT S e D T Tt

APPENDIX C
COMPUTER SIMULATION 2 LISTING AND OUTPUT

This Appendix contains the program and output for
Simulation 2. The output consists of Tables which are
referenced by number in the main text of the thesis. At
the top of each data Table, is an explanaticn of the

parameters used in the run. Each Table represents one

run of the program.
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SUBROUTINE FICHD (XRAYD¢YRAYDy CGUNTD¢MAXERR)

L*8 XRAYL(800), YRAYD(800), MAXERR

RE A
INTEGER CGUANTD

CALL AREA2D(665+605)

CALL SWISSM

8410042091}

00
00
$

1004059 005)
5.5.0.5 " >

S
00

[TV L)

F(T80910982¢098091e3102.)

Ty Y

CALL CURVE(XRAYDsYRAYDyCOUNTD,~-11)

CALL ENDPL(-4)
RETURN

END

SLaAR

L2000 P il gras g

SUBROUTINE GRAFIT{POSRAY,AVGRAY)

REAL*8 FOSRAY(4)+AVGRAY(4)
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Simulation 2, Run 4 (cc .%inued).
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TABLE C=~7

Emitter D has system

Gradient area equal to 30 Km.

Simulation 2, Run 7.
A1l values are in kilometers.

error of 2.0 degrees.
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6 AVERAGE X= 80.,011285
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E
2
T

own
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ROR
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ERROR
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(=17 )

AVERAGE X=1135.993181
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RROR
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1,490704
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TABLE C-7

Simulation 2, Run 7 (continued).
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TABLE C-8

Simulation 2, Run 8 (continued).

X= 800760453

AVERAGE
1315779

NCE=

VERAGE X=119 ,993687
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