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PREFACE

As part of the FY'73 PPA, an ILS scale modeling effort has
been initiated by TSC. In this initial effort an assessment of
the suitability of the Watertown Arsenal (Watertown, MA) as a
scale model ILS localizer and glide slope facility was made. This
report is devoted primarily to presenting the experimental proce-
dures and analysis used in this assessment. In addition, experi-
ments were designed and performed at the arsenal which, within
the experimental error, offered partial validation of the TSC
theoretical physics model. This will be reported on more fully
in a later report,

The work described in this report was sponsored by the Sys-
tems Research and Development Service of the FAA and conducted in
the Electromagnetics Technology Division of the Transportation
Systems Center. The Program Manager for this task was David
Kahn. The authors wish to acknowledge the assistance of Mr.
Charles L. Dunne and Mr. Robert Silva in making measurements at
the Watertown Arsenal.
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1. OBJECTIVE

The objective of the work reported here was to determine the
feasibility of using a portion of Building #311 at the Watertown
Arsenal as an ILS model range. Figure 1 is a plan view of the
test range and its immediate surroundings. The ground plane base
made use of an unused machining platen which is 50 feet by 80
feet. The test range is the portion of the platen covered with
aluminum sheets.

The feasibility of this site was uncertain because structures
around the range can cause undesireable background reflections
which will interfere with measurements. Many of these structures
are of a permanent type such as the heating system, exterior walls,
testing rooms and structural I beams. Microwave absorber can be
used to cover some of the structures and thereby reduce reflection.
It was necessary to determine which regions would need to be
covered with microwave absorber in order to reduce reflections to
an acceptable level.

A second objective of these tests was to record the charac-
teristic returns from several optimumly located large scatterers
of simple geometric shape for comparison with the theoretical
models of scattering from these shapes.
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2. METHOD

In this section the experimental range and the measurement
equipment are described.

2.1 SCALING

100 to 1 scaling of the glide slope was employed in this
evaluation. The 330 MHz glide slope frequency is scaled to 33
GHz .

2.2 GROUND PLANE IMPROVEMENTS

The unique feature of Building #311 at the Watertown Arsenal
is the existence of several large platens. These are large flat
surfaces to which heavy machining equipment can be clamped for
use in the fabrication of large pieces of military hardware. The
platens are flat to within thousandths of an inch. They are criss-
crossed with a grid of tie-down-slots used to lock machinery in
place. These regularly spaced slots would cause undesired scat-
tering of the radiation. To eliminate this problem .090 inch
thick aluminum sheets were used to cover the platen. An area 20
feet wide and 48 feet long was covered for the purposes of these

experiments.

2.3 RANGE SETUP AND TARGET LOCATIONS

Figure 1 is a plan view of the test range with surrounding
structures. Principal measurements were made with transmitter
to receiver spacings of 31 feet and 58 feet. Typical absorber
locations are indicated on the figure. The locations of the
several large scattering targets measured in these experiments
are specified in rectangular coordinates by: (y) the distance
from transmitter along the range center line to the leading edge
of the scatterer, and (x) the distance from the center line to
the scatterer. Figure 2 is a photograph of a typical arrangement
of the range taken from the transmitter end. A thin rectangular



Figure 2. ILS Model Range (Seen from Transmitting End)



scattering target 16" high and 35" long is located on the left
side of the range.

2.4 TRANSMITTER

The transmitter consists of a Hewlett Packard Sweep Oscillator
Model 8690B with Model 8697A plug in. The oscillator is operated
in the CW.mode at a frequency of 33 GHz. Frequency is set and
monitored using a cavity wavemeter and crystal detector. A block
diagram of the equipment used in evaluating the ILS model range

is shown in Figure 3.

The several transmitting horn antennas used in the course of
these experiments were set at a fixed height of approximately 4
inches above the metallic ground plane. This results in a verti-
cal interference pattern having a first peak at 1.25° above the
ground plane a second peak at 3.75° with subsequent peaks occuring
at 2.5° intervals. Nulls are located midway between peaks with
the first null at 2.5° and subsequent nulls at multiples of 2.5°

2.5 RECEIVER

The receiver consists of one of several horn antennas clamped
to a carriage which travels on a long I beam. The I beam is
usually positioned horizontally, perpendicular to the range center
line. It can be adjusted to operate at any desired distance from
the transmitter and height above the ground plane. The length of
the beam permits measurements to be made to a distance of 8 feet
on either side of the range center line. A synchro-generator
is used to reference the location of the carriage on the beam.
This information is fed to the Scientific Atlanta, Series 1520
Rectangular Recorder to position the recording paper. Thus, a
position on the recording paper bears a one-to-one relationship
to a location of the carriage on the I beam. The paper used in
the recorder has a calibrated scale of #180° and is intended for
plotting antenna patterns taken as an antenna is rotated through
+180°, 1In the case of the present experiment a 1 foot linear
distance of travel by the carriage corresponds to 19.3 degrees on

the recorder paper.
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The power received by the receiving antenna mounted on the
travelling carriage is mixed with a local oscillator signal gene-
rated by the Scientific Atlanta Series 1600 Wide Range Receiver.
The resulting intermediate frequency signal is fed to the receiver
which generates a voltage that is proportional to received power
expressed in decibels. This voltage is fed to the pattern recorder
where a plot of received power versus carriage position is re-
corded.

2.6 MODES OF OBSERVATION

Two types of measurements were made to determine the suita-
bility of using the Watertown Arsenal as an ILS model range.
Measurements were made with the receiving horn at the height of
the "first minimum", midway between the first and second lobe peaks.
This minimum occurs at 2.5° above the ground plane as measured
from the transmitter. The "first minimum'" measurement is intended
to simulate the null in the "sidebands only" radiation of the ILS
along the glide slope. Measurements were also made with the re-
ceiving horn at the height of the ''second lobe peak'. This peak
occurs at 3.75° above the ground plane as measured from the trans-
mitter. This peak is intended to simulate the "carrier plus
sidebands'" transmission peak of the ILS. In an actual ILS a
second antenna is used to generate this peak at an angle of 2.5°
above the ground plane. While there is an angular difference
between this model and an actual ILS installation, it does not
detract from an evaluation of the unwanted range reflections or
from a measurement of the scattering due to tall simple scattering
targets, such as rectangular plates and vertical cylinders.

2.7 ABSORBER

The microwave absorber material used in this experiment was
Eccosorb CH which consists of curled rubberized fibers. For
this experiment, 200 square feet of absorber were available to
reduce the undesirable reflections from structures around the
range. This material was arranged over portions of the edges and

ends of the test range to a height of 2 feet. The locations



were selected to prevent specular reflections from structures

along the range sides and multiple reflections from the range
ends.

Microwave power incident on Eccosorb CH is partially re-
flected. The reflected power is 20dB below incident power for
angles of incidence ranging from 0° to 60° to normal. For larger
angles of incidence to the normal a greater portion of the inci-
dent power is reflected.



3, RESULTS

This section presents data showing the need for absorber to
reduce undesirable reflections from structures around the range.
Data are also presented to show the scattering due to several large
objects specifically oriented to produce reflections which are
large enough to be observable in the presence of the undesirable
background reflections.

3.1 RANGE REFLECTION MEASUREMENTS

Measurements of the power variations on the "second lobe peak"
and "first minimum" above the ground plane are used to determine
the magnitude of background reflections from a multitude of ob-
jects existing around the sides and ends of the test range. Figure
4 is a hypothetical range pattern in which direct and reflected
radiation is received. Salient features of such patterns are
described below.

The distance (a-b) on a decibel scale is the peak to peak
received power fluctuation at the second lobe peak as a function
of the lateral position of the receiving antenna. The fluctuation
is due to undesirable reflected power from a multitude of reflect-
ing structures around the range. This background reflected power
is received with varying phase relative to the power received
directly without reflection. If there were no undesirable reflec-
tions, the power received would not fluctuate. The gentle roll-
off toward the edges of the pattern is due to the shape of the
radiating and receiving antenna patterns. The peak-to-peak ampli-
tude of the fluctuation about the mean can be used to determine
the ratio of the electric field strength received by way of
scattering to the electric field received by the direct ray.

1+ ES/ED
20 log10 ——— ] = (a-b)
1 - ES/ED

where

Ep = Electric field strength of the direct ray
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Eg = Electric field strength of the scattered ray

(a-b) = Peak to peak fluctuation in received antenna
pattern expressed in dB.

Finally the ratio of the scattered power to the direct power
is merely the square of the electric field strength ratio.

As an example: A peak-to-peak fluctuation of 2 dB corres-
ponds to the case of the ratio of scattered to direct power of
0.0132. Therefore, the scattered power level is 18.8 dB below
the direct power level.

The distance (c-d) on a decibel scale is the received power
fluctuation in the first minimum above the ground plane. All
power received in this minimum is due to reflections. The ampli-
tude of the reflections (c-d) and the depth of the minimum below
the average level of the second lobe peak (e-c) are measures of

the background reflections encountered on the range.

In order to evaluate the need for absorber at the sides and
ends of the range, two test setups were employed. In the first
setup, Case I of Figure 5, the range separation from transmitter
to receiver is 58 feet. The figure shows the width of the 3dB
beamwidths of the transmitting antenna (55°) and receiving an-
tenna (110°). 1In an actual glide slope model even broader trans-
mitting and receiving antennas would be employed. For this test
the 55° and 110° antennas give sufficient illumination along the
sides of the range to evaluate the absorber requirements in that
region.

Patterns 8 and 18 (see Appendix for all patterns) are mea-
surements of the second lobe peak and first minimum, respectively,
without any absorber. The peak-to-peak power variation on the
second lobe peak (a-b) is 1.8dB. The peak-to-peak power variation
in the first minimum (c-d) is 16dB, The depth of the minimum be-

11
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low the average level on the second lobe peak (e-c) is 11dB.

Next, absorber was placed along the sides of the test range as
shown in Figure 5. Patterns 10 and 16 show the degree of improve-
ment. The results are tabulated below in order to facilitate a

comparison.

TABLE 1. CASE I: REFLECTIONS FROM RANGE SIDES

Patterns | Absorber |Second Lobe First Minimum | Depth of
Peak Fluctuation Fluctuation Minimum
(a-b) : {(c-d) Below Avg Second
- Lobe Peak (e-c)
8, 18 None 1.8dB 16dB 11dB
10, 16 At sides 1.3dB 10dB 16dB

The data show that reflections are coming from regions at
the sides of the test rangeﬂ The absorber has cut these reflec-
tions significantly but the reflections must be reduced much more
by the use of more and better absorber at the range sides.

For the experimental case in which no absorber is used, the
amplitude of the scattered field reaching the detecting aperture
is typically 10% of the direct field. This number can be approxi-
mately related to a typical course error magnitude that would be
the consequence of background interferences with a glideslope or
localizer pattern simulated in this unshielded facility. 1In such
a simulation, the off-course position derived from the received
signal is determined by a "difference in depth of modulation"
(DDM), which at a given range from the transmitter is proportional
to the received strength of a "sideband-only" component (and DDM)
are supposed to be zero. DDM 'course bends'" arise because of
scattered ESO radiation from structures or irregular terrain fea-
tures located off-course. The magnitude of DDM (actual or erron-
eous) 1is calibrated by the relative strength of modulation on a

received '"carrier plus sidebands" components EC In the present

"
experimental tests in which only unmodulated carrier was trans-
mitted, the direct signal is closely analogous to the ECS ampli-

tude while the scattered or indirect rediation corresponds to a

13




scattered E signal. Thus for example, consider the ideal.null
reference glide slope signal pattern shown in Figure 6. This
pattern shows a peak of the carrier-sidebands amplitude ECS and

a null of the sidebands only amplitude ESO at the glidepath angle
2.5°, The peak of the ESO amplitude relative to the peak of ECS
is .26, which corresponds to a vertical coursewidth of 1.40°.

If 10% of this peak ESO amplitude were scattered to'points on the
glidepath the magnitude of the erroneous DDM variations can be

shown to be

DDM = 2m ESO/ECs
=2 x .4 x .026
= ,021
Here m = .4 is the glideslope modulation factor. The DDM of

.021 corresponds to a glideslope CDI current of 18 MA (since full
scale deflection current of 150 pA corresponds to DDM of .175).
An acceptable value would be no more than 1 WA, i.e., scattered
amplitudes in the ILS simulation facility should be less than
0.5% of the direct amplitudes. For the 1uA case, the scattered
power is 46 dB below the direct power.

Next, it is necessary to evaluate the need for absorber at
the ends of the test range. Reflections from end regions are
second order effects resulting from multiple reflections. In
order to perceive these reflections, the side reflections which
are first order specular reflections must be suppressed. To accom-
plish this measurement, the Case II setup of Figure 5 was employed.
Here, the range length is reduced to 31 feet and both receiving
and transmitting antennas have reduced 3dB beamwidths of 28°,
Consequently, little power reaches the range sides and therefore
range end effects are more clearly visible. Absorber is always
left at the sides of the range and measurements are made with and
without absorber behind the transmitting end of the range. The
results are summarized in Table 2. No pattern was taken of the

14
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case of the second lobe peak with no

end.

Due to the extremely low level

the pattern will be almost identical

tern with absorber.

The patterns 1in

sensitive indicator of performance.

multiple reflections are coming from

range.

the range is demonstrated.

absorber at the transmitter

of reflections in this set-up,

to the second lobe peak pat-

the minimum are a much more

The results demonstrate that

the transmitter end of the

The necessity of using absorber at the sides and ends of

TABLE 2. CASE II: REFLECTIONS FROM RANGE ENDS
Pattern | Absorber Second Lobe First Minimum | Depth of Minimum
Fluctuations | Fluctuations Below Avg Second
(a-b) (c-d) Lobe Peak (e-c)
90 At sides only - 23dB 21dB
77, 84 | At sides and 0.1dB 9dB 27dB
transmitter
end

The ceiling reflections are difficult to evaluate in the pre-

sent shortened range situation.

The ceilings should be expected

to contribute considerable reflections at the longer proposed ILS

model ranges of 150 feet.

Therefore,

it appears that the range

would need to be completely enclosed with absorber.

3.2

Because of the magnitude of the undesirable reflections
countered in the proposed Watertown Arsenal test range, only

large scatterers can be distinguished above the level of the

background reflections.

range sides,

measurements.

In order to reduce reflections from

SIGNATURES OF SEVERAL LARGE TARGETS

en-
very
range
the

antennas with narrow beamwidths are used for these

This necessitates careful placement of a scatterer

so that it will be in the transmitting antenna's azimuthal main

lobe.

16




3.2.1 Rectangular Targets on 58-Foot Range

Rectangular scatterers were detected on a 58 foot range having
absorber at the transmitting and receiving ends and over a large
portion of the sides. The antennas used as transmitter and re-
ceiver have a calculated 3dB azimuth beamwidth of 28 degrees and
the angular position of the first azimuthal null off boresight is
31 degrees. The two rectangular scatterers were metal partitions
of about 2 inch thickness. Both are 36 inches high with widths of
16 and 35 inches. The large flat surfaces of these partitions are
positioned 9 feet away from and parallel to the range centerline.
The leading edge of the scatterer is spaced 28 feet down range
from the transmitter. Figure 1 shows the locations of such scat-
terers and the arrangement of the absorber. Patterns 61, 62, 70,

and 71 are examples of the scattering of such large rectangles.

TABLE 3. RECTANGULAR SCATTERER, 58-FOOT RANGE

Pattern # Scatterer Orientation Receiving Mode
Height Width
61 36" 35" Vertical Second Lobe Peak
62 36" 16" Vertical }
70 36" 35" Vertical First Minimum
71 36" 35" 6° Tilt }

In the case of Pattern 71, the top of the scatterer is tilted away
from the range centerline. In this way, power in the first lobe

peak is specularly reflected into the plane of the minimum.

It is of interest to compare the results of the range measure-
ments with calculations based on geometrical optics for the case of
the largest specular reflector. This case 1s represented by Pat-
tern 61 for a rectangle 36" high and 35" long. Figure 7 shows the
geometry of this situation. The peak of the return is 0.3 feet
from the range centerline as shown. The center of the rectangle 1is

17° off boresight for transmitter and receiver. Figure 8 shows the

17
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typical E plane pattern for a rectangular antenna aperture. The
normalized power pattern is .37 for 17° off boresight. The direct
ray from transmitter to receiver travels at an angle of 0.3° from
boresight. The normalized power pattern is approximately 1.0. In
addition, the R2 path loss must be taken into account since the
scattered ray travels a greater distance than the direct ray.
Finally, the power at the receiver from the scattered ray versus
the direct ray is given by:

. 2
P Py (17°) Py (17°) X(R_D

o ]
Py Pr (0.3°) Pp (0.3°) Rg
P.. (17°) . . s
T = normalized power pattern of transmitting
o
PT (0.3°) antenna at 17
= 0.37
P, (17°) _ . g
R = normalized power pattern of receiving
-_— ]
PR (0.3°) antenna at 17
= 0.37
EQ = ratio of direct path length to scattered
R path length
S
= 0.956
Therefore,
Ps = 0.125
Pp

The ratio of the electric field strength received from the
scatterer to the electric field strength received from the
direct ray is

E P %
S =[_S = 354
Ep Pp
Using
1 + E./E _ 5
20 1og10 S"™D \= (a-b)
1 - ES/ED

19



it is calculated that the peak-to-peak fluctuation at the second
lobe peak should be 6.35dB.

The peak-to-peak amplitude of the interference as measured in
Pattern 61 is 5.4dB. Thus for the 36 inch high and 35 inch wide
rectangular target, the results calculated using geometrical optics
are in good agreement with measurements. This scatterer has an
azimuthal angular extent of approximately 1 degree as seen from the
transmitter. If this power is reflected specularly, the azimuthal
spot size due to reflected power at the receiver is approximately
2 feet. A scale indicating 2 feet is superimposed on Pattern 61.
Examination of Pattern 61 shows that the spot size is also in good
agreement with the calculations. In Pattern 62, which is the pat-
tern resulting from a narrower scatterer, geometric optics fails
to predict the amplitude and width of the target. Returning to the
effect of the larger scatterer, when measurements are made in the
minimum with the scatterer inclined to specularly reflect power
from the first lobe peak into the plane of the first minimum, the
power level at the specular point is 10dB below the average value
in the second lobe peak. This is the distance previously defined
as (e-c). This result is in good agreement with the previously
calculated PS/PD of .125 or -9.0dB.

3.2.2 Cylindrical Target at 31-Foot Range

Attempts were made to measure the effect of a vertical cylin-
der of 14" diameter and 27" height on the 58 foot range. The re-
sults were unsatisfactory due to the amplitude of background range
reflections. The measurements were repeated using a 31 foot range.
At the 31 foot range, the same transmitting and receiving antennas
with calculated 3dB beamwidths of 28 degrees are used. At 31 feet,
background range reflections are much smaller than at the 58 foot
range. Pattern 77 previously described is the received power
pattern on the second lobe peak with no scatterer on the range.
Pattern 80 shows the effect in the second lobe peak of a cylindrical
scatterer of 14" diameter and 27" height. The target was located
so that the tangents to the cylinder are spaced 5 feet down range
from the transmitter as shown on the pattern. The effect of this
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same target on the first minimum is seen in Pattern 88. This should
be compared to previously presented Pattern 84 for the case when

no scatterer is present. The foregoing measured reflection pat-
terns are representative of somewhat larger set of data which will
be fully presented and discussed in another report.

3.3 VERTICAL PATTERN

In order to demonstrate the interference pattern generated
due to the proximity of the ground plane to the transmitting an-
tenna, a vertical cut was made through the antenna pattern at the
58 foot range. To accomplish this, the I beam on which the re-
ceiving carriage travels was positioned vertically. Pattern 75
shows the location of the first minimum and second lobe peak on
which all previous measurements were made.
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i, CONCLUSIONS AND RECOMMENDATIONS

The work reported here demonstrates the need for absorber
on all sides of the range. With the present absorber quantity and
quality, only very favorably placed large scatterers can be seen.
To accomplish even this, antennas with narrow beamwidths had to
be used to suppress unwanted reflections.

If the Watertown site is to be employed for ILS modeling,
it is recommended that the range be completely enclosed with
better quality absorber. 1In addition, the enclosure should have a
heating and air conditioning system independent of the building's
present system. This would ensure a laboratory environment which
could be well regulated and not subject to the conditions that
are tolerated in a heavy machining facility.

22



I9qxosqy oN ‘oa8ury

‘Jyeod 9qO0T pPuU0ODag *ON UIXalile(g

"T-V @an31g

- TS s
P R 30
IH 8
T L P Y ¢ s
— 8 —tr— i
i il i
. _ : L. REES ==
il ) : ) L ¥EES :
AL , 53
. T - ]
VAN DR (N o 1 i
3 e e e B P s R s
i mvluoll T3
et . e eed swikiz i
) S (N 2%/ P | _
M (| RN g (i | # | ¥
s e e ST ;
—_—t ——t—] - _ % =1 :
—0z-%: - :
= =]
m
-
%
=

9P0¢€ -

|

INILLIIS YIATTOIY -

|
25
%03 [

o0TT FAITDTY oS5 IIWSNVAL
PHIQIMAVEE TYHIONIZV qPS
YIMIOSEY ON

dONVE .85 ‘¥VId E0T QNODAS

"SHONI [T

193royd
sZL/sz/oma 8 °ON N¥3Llvd| | 1~

23



I2qiosqy oN ‘o3uey

1 8§

‘UNUWIUTIWN 3ISITH

“81

*ON UIX2311B(d

"Z-Y 9andtg

2 VAR 3. VNt N 0 _ . : IINY £S5 ow swwma - _vumas
50 .ow_ , oﬂ: Yo D) J0E 4 g G I ".op B R
| , ! i _ - —

— fobmmn S e e 4 e — L T 1 g : i
i i ek e e 3 S| ESS= S e e
- 1 + - e _ - e
_ _ | | -5 L |1 ¥ — T
TSI P - & __ - M||,| S I— S VN h—— - ¥ L —t
_ i ¥ ! :
| _ — -
T -1 * _ - - - - — g : .
L | il g _ _ = T N
) v DE -
I 7 I [ ] O BT -
— 6 4 - — —_— et — - B —
[ | i I - 1 :
| !
g I |- — = N D T Tl A
qpoz- 118 4 | + it Y SR ] :
INILLIS HIATIIF } iE . i ! b L ITH)
m. m ! 4 i i . _ .||.| —
I} L : LD Dt 1
; s 4
i “ | " i i
4t H L
i _ i [ i iE i
MM E j RE i Al
i B TR i ST T
il 18 : _
h B |_ g T
S0TT FATIITU ‘.55 LINSNVAL : | ST LI (&
‘HIQIMAYAE TVHIOKIZY 9P§ i
YIRIOSAY ON L 9 H i
JONVY 185 ‘WOWINIW LSHId _ 1 e ) - eI S
-+ =

SHUNS
103roEd T

P2L/57/0T g1 'ON N¥3LLvd’

t ¥ 7
: 1] s I S
I o ] Mu 3 N S TN i
: 0

24



9pIS

o8ue

“ON

‘yead

d 19qiosqy ‘ofuey , 8¢ 2qO0T puodsg "0

uIslled

"¢-Y San3Tg

o
.ozl 1 .08 09
s o ot . £3
a
| B T EE!
9- —r— it
r iEs =S
— 1 it
3 i
e
e = 3
_ —0OF : £
_ JT I | o [ 3
| | ] s ] E E
= ." [ }- fE=i= =i
i - —_—_—— e — _ !
; i = A | H
=== e, g ——— - - PR i UL —— . i
Ea T Alv 14 ﬂ . , 3 T T
. ] s » —_ e TS P - — ~ - . S — - Pl i —
ol Tk . s ! 5 =
e -I|P|||Nv.u o .- T I 1 - -ll i
-} = = 1 = =1} = b = i
m —m
' T TR ) 073
L il = = + SWEx BT B Efases [ B==n s s ==} B s =
| | m ] | m
—— - | f 8- I
| ; 5 , ! T i _ i .
| c _— i
_ S e T —r— : 3 ”
1 SR TS - ) I il IRV - ) I J U | o o —
——e | “ : -
i v
. qpos - o= i S T T g
! ONILIAS ¥IAIIOIM al
b o]
T 1 ¢ Ot T [ITE; ) i — ) &
_ Ok - Ol —
- y o i - _ - —— e = £
¢ 8 B
o0TT HAIDTY ‘55 LINSNVIL [ ¥ EE F
tHLOIMWYIE TVHIOWIZY 9PS o | — B -
SIAIS ONVY ONOTY 2§ WITOSEY | g | . i | P! 3578
ONVY 4,85 ‘NvId FEOT ANOIIS | Tt pis
C i T B i T i i B ] Tii
P U NSU—E L — p— P
I S¥ONA ] : BB s === : :
& | 1}
1o3roud |~ S [ i e et o 2
©Z4/52/0T 0T ON N¥3Livd| ™ =t = - N T =5 1)
- o ! i o- S ot T
0

25



o8ury 19qiosqy ‘oduey ,8S ‘WNWTUTW ISITJ

‘9T

*ON Uuxslied

*¥-vy 2i1ndtg

— R T IJ
AT o6 INYIAVDISUNBIZ - = S e SR psiso e 2 : w._‘wz.\ : i Ot =L - LA
T 0%l cti % o] . ; 0 _d.. 05 || Lot LIS L[] TN WAL (R
o | _ bkt g d . " (Pegl i M -
! ) ) { ] ]
[ : | _ | “ i i
- ' - . ._ |.”|m.| 1 - S| W — .~.| —
- | u 1 i { - R - -~ _
| - | . . -+
| | ._ | ! _
] _ P - - e I e e - —
| | | . _ !
3 s ot ] ;
& 1
iis al
k 1 L T el i
} |
i 1
qpoz- |} i1
ONILLAS ¥IATIDTY iy i
i i A | 1 ! —
A 7 10 S (-
= =
~ m
au 2
. i :
=] § f
um 2
ONILLIS YTAITIAY Q Iﬂr
i
| -
- t
" [ ]
| | |
m i Oll — e — e — 4 —— _— - ——— — 1
o0TT FAIIDITY ‘.55 IISNVAL | |
HLQIMWVIE TVHLONIZY 4P§ |
SIAIS FONVY 9NOTY 2§ YIMIOSHV 3 ¢ SR S T e e S P T e e
FINVY (85 ‘WAWINIW LS¥Id _ # I i
. = -} - {
| ]
v __ - .]“.l.ﬁ|i ) — e -
SHONI ' i | | | ! ; “
103rodd H . 1 I _ T |¢|l.._r H— iﬂ.| e LR T T ==y
<uf5{o13L¥0 g) ON N¥3LLvd! t ! | | | N
i I

e — el f A=

26



pug o3uey xoqrosqy oN ‘28uey ,T¢ ‘WNWIUIN 3ISITJ °(06 "ON UIslled °S-y aandig

iR Lo
or T FEFE TR = | HWR. —— uoﬁs.
ozl ~ 06 ¢ R o T OF | .09 | K i :
7 .. B T T H] 1 EES 3 | 1) | i W
8 RN TN ESNE : ! : ._. P easd :
$ T T = T T = = 0]
. - S NS Ije— |I|.m — - — — - ]ﬁl ...I
! 9 ERE
i i = . I N |1 T J
| ¥ : wﬁ
KN | = ERES
L. 4t i = o | - ==
| | S 33
_ g T1d 1 p— o E 3 u-
=S ad B! R 13 i S : == c :
Ot
H a
: 8
: i L N ! |
5 1 i 5
: - - —— - -
] i il !
f - 7
- 1 4 S e :
e e ] i | | | A s
L _adi E 4 i . i IR EHE RS
L Ll ; 3 B
: HIRIE i -l 1 : H HEN i1 i e
qPOT~ —- )
ONILLIS WIATZITY i ! | I .1 ; i m
- L 5 I [EWLN & 1 b [t = |1 Al 1 =
LI £k Il B | LI 1| HIETEEHE HHE
l*. mh v 1N ¥ i 4 m
| i _ . ! 1 g
! e Y e 3 “ S gl T 11 AL | | 1IN F: [ 2 4
b T Zz - 1 P ;
i | i F
I R D] - [ .1LH - ] i AL L . 5 i WSS EFT BT i,
- ot OF - - S
S W P === _. S| P P ] e ] | S ] ;
1 | i3 H i
a. o. 4 I
082 FAIIIT ‘.87 LIASNVAL > | _ - 3 ; (E; i !
HIQIMAVIE TVHIOWIZY d4PS - —— . e — | il et - fe= e IRt e ¥ B3 S A HE B g -
MILLIWSNVYL ONIHIE YIGUOSAY ON | o i S | i . R FEjdiiai i [REE T
SAAIS LV YILA0SAY ¥ i | 1 7 i B T ;
FONVY LTS WAWINIW LSNId . fomea) e ' R R R R = e - q
| | ! | > i |
- " |L— R BT TR (CR Sy EEES A e ¥ i T
SHONT [~ === - B BN - .__ — . 1 - L - —— e r—— - - |A|
103roYd = T 1= Z i i
ZL/9T/TT 06 "ON NEILLVE T |~ i A T L | — | { | o I S 5 — 4 3BTRS
L o 1 L o L i) s

27



pug o8uey xsqrosqy ‘aSuey ,1¢ ‘YO 9qOT PUOISS [/ "ON UIdIIBd °9-V 2In3T4q

e,
el p T T s = BE is =
I 98 . Y I ol P S0 [ p— " m_m- B EE FEEFEERES
1 H i £y : - 3 SIrE EREH
: ! 2= — . e - 3o R IR wm
b : i e | s £
= s s &-—- “ e = : _ . o
R e el Dt Cot ST - 1 bt g L - g = ik :
. : e : . 1 I { |l i EE EEES
. .. - _ T ¥ T ] £
el - Ansdl=a s s i o] e L . - —f :
o + “ 1 i i } Z :
B LD L 1 N (R RN NN 1 15 ) VRN I | ] ] i : e
e | H i i i ] i !
ek 1 I ! 0E i .
s o i — ) f—— I i  — (I —— R | il | | iy RS B 1 i il NE: ;
— -8 - | | - ! : a : =1 e i
_ | oo ) _ 5158
S T [T Oyt BTN ) A I |31 g (I A WO TR . i [
——— - i | ' 1 g
| . ) ! & [ _ i - i
e - =4 | ——t e — = st R EIE. - ==
ez ot - | i I
- —— et e o H
| U b - _ | LT 1
- s =51 PN = A [ = SRS s - 1 - = am -
=i apos.- ° n m _ L. 35— :
++'onruaas waTEom ¢ e e~ - - — i ml! 7
— iy et 07-3—— L m 0z—3 -
ENREE [0 B3 b ] N~ e i i € okl o S i M e i [y e pow PR - P
=1 ...‘.' — T T T i 1 i 1
A AR e = V4 Lg% e B — ; a—3
T R Rl V- R =R - il 1T _ il R N i
231 0 B HiRE P . | S VA § DI P
B ”“” T : b, oy urr.i ] E 4_’ B 1 | L‘ | ? N ..“. ) - 1 -
. : 8 po I 1 1 t e e
1341 [ A )
i . SIS | S| SIS A8 _
T JLy
z - :
BESS aE S ERE S i
| i H
3 W _
| -
- = B
087 FAIEDTE ‘o87 LINSNVAL —1 — il
HIAINWVIE TVHLORIZY 49PE o I
YILLIWSNVHL ONIHEE ONV SIAIS 1V ¥IEI0SHY i
TONVY ,TE “AVI4 0T ANOJIS - M -
e N X Ly
‘SyoN3 | - m it - —
| [
123road e
ceforfn VA L4, ON N¥3LLvd |_|. ) |
- o

” o *

28



pug o3uey J8qrosqy ‘sfuey ,T¢ ‘WNWIUTK 3ISITJ -§8 °"ON Uxd3Iled */-V 2ind1g

v - ow . T T T T T imms - ___

[ T o - i 61 G duwwnd vinwor
W v . : 2 : . —ov : .
S22 DU G L ary o o Jm.i:ill..-: T N om R T R o1 0%
- — — e et - 1 - e S S—— S g N ] [T —— 1Iﬁ
: | i
B L | | sl | ; L
¥ !

re=: e il o S _, — == — I
- T - T O R - —— e e i — - — - e B

T — : e 1
S e e A e e i R o

I J.tl- |||m,I i hn
- — o “H Ty o e Sttt = =5 e A T
|

forrm-8
* qPQT- ._..IJ.| I . —‘A_ &

i T Ay [
1 W

TS 1k : il

A A A fﬁ}_ 4 R
e TR

a i
= ]
!
M g __ i - I - — — i L ﬂ“—il. P—
: == == _ | | { = , |i
! P | | S N 0 | S - || - S
1 $ Ly T
: (RN o ) DS IO 111 ol I [ NN [ T2 O - - i
2t ” z | _ DU Vi N | SN SO ; et
i3 i iy g N i ! i . : e : ._
HHEE ! OF e - L .
i il S S |.|n_ = =3 ST | e =i = H
i { | pe e P 2 N LA &
.87 FAIZOTE ‘.97 LINSNVYL 8 T ; 9 :
HIQINWVIE TYHLOAWIZY 9PS - 4o - | S T £ IR N 5T [ T 1 G ] (Rt 1 A ey -
| YALLINSNVAL GNIHEE GNV SIQIS L1V ¥IMIOSTY & i : t : ] L. S R
| IONVH 41§ WOHININ 1SH1d 23 i i ) : i
i === 1 _ ! S O S Il iy i
“ 1T| _ m 3 _— " ¥ = = = IR e
! i
"SHONI = _ ._ e — A — = SRS 2 B e ol —— e — - * - - _—r e fre—amr pe ” 1 i
103roud [ — ¢ f e [~ _ ; z __ - il
) H Se—— _..I. R — .||l|l_| = - r J=e = — N —— A_ LE iy T P, 1
Izeser/tn 18 "N NI~ [ = i i ] “ _ = B i i i i
— o 0
P

i

29



121033BOS IBUBTJ ,S¢ X ,9¢ ‘o3uey ,85 ‘Jeod ©qOT PuUOISS '[9 "ON UIdIIB 8-V 9InIT4
k
P P
%ok | ] g -
......I....luJ__In 9 : -
= ﬂ _,
i N S — - s 4
LI | S e " _ m
| A = = sl o
] | |
1 : _ i
= ¥ |
e — — e ll rm
=] E
|!||_||-_,. e e - - Q -
0 ' { {
YIILIVIS ON =z | b % 3
qpes- | m i
ONILLAS WIATEITY B R T B
- e o L U
| S N VI A
S (e (e 3
. I
YTITLIVIS wmzrl. ———— 2
APEE- 3
ONILLES ¥AAITIT, | T ey =
.m ! .L.”..._.? .....H . | —— b
L. m — 3.4 u.éwha.j_‘_?.i.__l;\}f.f
———ir—rahee - —— —= z
—
TVOLINEA NOILVINITEO |
FONVENNOQ (82 ‘INITYIINAD dd0 .6 :NOILYIOT

TINVA ONOT .SE "HOIH .95

T9 . ON N¥3iLve

iy

“syonz'
133r08d -

S1I9UVL ONIYILILYDS
082 = SHIQIMWYHE qP¢ JATIOTA ANV LINSNVIL
IONVY .85 ‘Nvdd JE0T AN0JES

30



I13123131EeOS

FWEMEUY I wiAILY SN

‘qead

Qo] puoOdS§

*ON UI9131®d

"6-V 2In3Tg

i ! 0s1

[RNNNES SpiSh S

ATIILIVIS ON ! s

apss-
INILLIS WIATZOT TV Haari

YTWILLYDS HLIM
qpPo¢g -
ONIILIS HTAIIOM

) . TYDILYIA
dONVY NMOQ 462 INITYIINID 440 .6 NOILVDOT
TENVd ONOT w91 *HOIH .SE LI9UVLI ONINILLVIS
o827 = HLUIMWVIE 4P§ FAIIOTY ANV LIWSNVIL
IINVY . 8S ‘AvId IL0T ANODES

193roNd |
2L/9T/111 29 ON Nu3LLvd|

|

31




1919118D0S JIBUBRT(

uSg X

n9¢

‘a8uey

85

‘UNWTUTW 3SITH

‘04

"ON uxoalled

‘0T-V

__ 4o
! G e
— = ke iR = 1
1 i |
] s et |
- e rezrd e e
+ .-. T =
5 3 M . i
s B DS S0 Ny S— t
0f:
a7 . A [ |
1 ]| i
_ 1 el ol |y
| Lie i
T |
- ..M.ﬂ. - = .3 llm
H
¢
| qP0 ]
'ONILI3S ¥IATIOTY T 3
|
ot ¥
— - —t ¥ :
i rr R H
S SN 1 L 1 o i H_
- L] i
OF ]
. B TVOILNIA NOILVINZINO .
| FONVENMOQ (82 “3INITHHINID 30 .6 :NOILVIOT - :
TaNVd 9NOT wS€ ‘HOIH .9f :LIJWVL ONIYILIYDS §— - -~
287 = HLOIMWVIE 9PS FATIOM ANV LINSNVML
FINVY .85 ‘WIHINIK LSAId .
(=SSN
- . 7 ! I —
SHONZ [ =3
4 z D S )
L 103r0Yd i z ¢
ZL/9T/TT 0L 'ON Ny3LLvA [~ —~ - :
2 3

32



P93ITTI] I819331BDOG JIBUBTJ ,,S€ X ,,9¢ ‘o8uey ,85 ‘UnNuWIUTW 3SITJ "I/ "ON UId31led “TII-V 2ind1g

S T ———
ALY TP T SRR T B = St o s o 50w swvwms o ey
SE_ -9, _ @ . 8 ] o I T o8l T T 0
: _ WA I | S il 1 Gl k2l i i
| i i [ i
| e i B s 2 e e e P e
i -3 o
T
g
' .—_
Eﬂ.
it
i
i
1 4
0= m
P .-
1 < -
| <
=
=02
o
=
m
1 R
i =
| E
v e ¢ med w6 — 0
1 4 t
- s T . ¥
o — | » - T
b—— . el .
TYDILYIA WOMd .9  NOTLVINIIHO o] ]
JONVENMOQ 482 'ENITYIIND 340 .6 NOLIVIOT g -+ -1
TNV INOT wSE “HOTH wOf :LIDUVL ONIALIVIS ~ e fl ...
082 = HIOIMWYVIE 9PS FATION NV LIWSNVML T H INITMELNID
FONVI 85 TWININTH LSUId o TNV
Wi 'E ﬁv|

LAEVNIY | - _ - 3 '
—_—— = — i I
S¥oN3 ! 1 i
1937084 | i - '
¢frifii3lva T ON Nu3Llvd |




I9PUTTAD TBOTII9A "welq ,Z/1 €T ‘o8uey ,T¢ ‘Yead oqoT

R bba Loy

puoo9ag

“08

*ON uxeliled

*Z1-V @ind1g

Eamvre yaiase aE . 3 e S o s
A & ; B9 S A S RO J R I — ]
S _ . . S 77T L - L TEE
! i _ T = ; 1 g -
| | i | I B &
[ . SR -— = - ' | BN S — ] = =
e Ll 7 - | a | ‘- A === ._.ll o —p : =1 W S S ] o i
= . _ { * - —— i = - | [ ' i - \ I
i n 1 1
o T = v e b =21 T, s e ] Ly
= $ - ] = L 5% | e - L.
- 1 # i ! ‘ 1 | : 3
—_— T - - | - g - e e —— e : 2 t T
avad . _ 3. ! .b - . hll_.n" = L
i | ! .5 =1 | ] | 1
0L —— + = 4 0 -
_ _ . L VR e s L3 .
- " - | e . = . — i b g ! i
qps- J ! - _ e _. A_r
T|ONILLIS ¥IATIOTA ] ! 2 | s [ P S| = el
- —— | ——— 9 -« —e LI _..I e — i .__ 9 ==
— } =~ ey 4 e e — - e = : - . e
i e g A B | : —
y Iy L B i
o R e e o S E s
= icfemiein]s Mo, : | g H
el =3 J{&NHM\ _ 0z-3 :
| | . m | =, x
- - g : —— -
I i . !
e | i & .
- T + - 9 pe—= b— —-
e | f. =L - » _
== ~ -r- =
. .; | _ - e — ——
— ! - - 7 -4 e TR S S
FONVENNOQ ST ‘INITEIINID 340 ,§ INOILVIOT ! I . —f e —t— R
MIANITAD TVOLINEA ¢ | s LR IS AE— - SH. (S RS T =5
HOIH .2 ‘WVIQ WZ/T €T :LIOUVI DNI¥ILLVOS | I = )
082 = SHIOIMAVIE qP§ SAIIDTY ANV LINSNVAL | ' 1 ~=—} =T
9NV L I€ ‘Av3d FEOT QNODES 5 b i i i s e S 4 : i |
_ H jias = {_| oty SERNCHNE: |
| i i
oy 0 [ S e = L + v
= _ _ _ = | Y i L — - 3
7L/91/1 ) N “ 1° == aSeois i et e S RS B i :
1 St S S TN A

d1va

T 103rodd . * A..

08, ON N¥3LLVd

34



I19pUTTAD TBOTIISA “wetq ,Z7/T ST ‘o8uey , 1§ ‘wWnuTuTl 23SITJ °88 "ON UIdIIed “¢T-V 2In814g

_“ BRI [ P S [P 2
; e ey L ; S
,_ HTT e [ 1) I = il
- i P i . i o v o ol s S L
H b b e v e el e i
T { 1 ] |
i 1 D AL [ [ 11 gl i _ -
] T 1 . i ! . BT
Yo e Bt o ;
M WW-TJ d-i N1 DRI | Al HQ¢‘mﬁl.ﬂu5i1.
_Mlll g | I 1 A7 L i _ “ m H 1 : 1 » m
- apot- : _ 3 e R H i Bl PR . : g §1| | 7 M

SoNIL13S ¥IATEDTE T ; IR - - _ . T

18]

.o
|

E = K e . — IM ——— =¥ - - - —— R - - t - -
rrEtd i 5 1 { g - ' - 1 4 13 = i
+ = — o e _— - n._._.l — ]
9—— _ o
. : v- t ! : ¥
at L Ll 11} D (I P I b ] Ml il <, e s & & S S S S
= - _ »
T
sl 7% N N [N N — . i R T i . el
=h Rty Lk -0t i . _ _ ok
T JONVENROQ ST ‘INITMIINID 440 (§ :NOILVOOTE .| ¢ N S PSS T— g Al ] ! | i
YIANTTAD TVOIIMIA | | : | | i ! g ! :
HOIH .2 ‘WELIWVIQ ,2/T ST :1ISYVL INI¥ZLLVIS™E i I _ [ T i TR
.87 = SHIQIMAWVIE qPE JAIIOTY GNY LIWSHYEL | | 'M R e e e ! | _ i . . ;
JONVY TS ‘WINININ Lsuldl. | | | [ 1 3 ‘1 i d
3= I | | i
. =t =% ==l - ks : = A=Y L SERil . |
Faacs = () ] 2 i
: | - I i s S i :
T - | i HIL 1
SUONB T = T : pegl=: I | N : A HEE + H
- - 7 —f— I - — R e z e - -
2L/9T/11 193roYd i i .A 3 [ Fii I i (| g o | .5 L m
alva wwozzmmCE—.l_l. : T 4_., i I | 1 Tl | ! ! . B LELES i BES:
0

35



01n3oNI11g 9qoT SUTMOYS UIS3IBJ TBOTIISA "G/ "ON UIslled “$I-V 2andtg

T e ) .
RS B _.o_ LT om i
- —— e
S EI TR

-1
|
= .
!
-
[

q — |.rm —
| . Yo
pilad . R
il e 4N P [ -
E el
1 ? _ = et
T m -
r 02—=
o
i 5
I
.6
L9
)
=¥
|
-
Saginl
il ==
i
87 = HIQINAVEE qPS FAIIOTS NV LINSNVEL™F ~
’ TNV 185 —t—9——
TANLIMULS TEOT ONIMOHS NMILIVA TYOLIMEA ' )
UL B
sauna) | | ;
ZL/9T/1T Lo2roud iy | Sl
¢ 3Jlva 6/ ON Ny¥3Llvd| | ° 1" |
- | o r
=



