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1, INTRODUCTION

Experimental tests were performed by R. M. Weigand and
F. J. La Russa, staff members of the Electromagnetics Technology
Division on the scattering of electromagnetic waves to determine
the suitability of Building #311 of the U. S. Army Watertown
Arsenal (Watertown, MA) for use as an instrument landing system
scale model range. The description of the experimental conditions
and results used in this report is derived from their report1 and
their subsequent additional experimental work undertaken at our
request. This additional experimental work was needed for obtain-
ing experimental scattering results which could be compared with
the theoretical predictions of the Transportation Systems Center
(TSC) Instrument Landing System (ILS) performance prediction model.
The purpose of this report is to present such experimental and
theoretical comparisons.

As a part of the present ILS scattering study project, math-
ematical-physical models have been developed to compute the scat-
tering from various geometrical objects.2 For the purpose of
comparison we have computed a set of theoretical receiver power
curves corresponding to the set of experimentally measured curves
obtained at the Watertown Arsenal range.



2. REVIEW OF THE EXPERIMENTAL WORK AND CONDITIONS AT WATERTOWN
ARSENAL (REFERENCE 1)

Measurements were made of the receiver power induced by the
direct and the scattered fields from both environmental objects
at the test site (heating system, exterior walls, testing room
and structural I beams causing undesirable reflections) and
certain large scattering objects deliberately placed in the
field of the transmitting antenna. Figure 2-1 shows the loca-
tion of the test range which is the area covered with aluminum
sheets.

A 100 to 1 scaling of the glide slope range was employed.
The 330 MHz glide slope frequency (wavelength equaled 2.9822 feet)
was scaled to 33 GHz.

After experimental tests showed that the environmental objects
caused some scattering to the receiver point, "Eccosorb CH" ab-
sorbers were placed on the side and end of the range to a height

of two feet, as shown in Figure 2-1.

The transmitter consisted of a Hewlett Packard Sweep Oscilla-
tor Model 8690B with Model 8697A plug in. The oscillator was
operated in the CW mode. The receiver consisted of one of several
horn antennas clamped to a carriage which travels on a long I beam
perpendicular to the center line of the range.

Because of the superposition of the wave field from the trans-
mitting antenna and that from the antenna image the vertical recei-
ver antenna pattern at a constant range consisted of a series of
peaks and minima. Figure 2-2 shows schematically the vertical
radiation pattern from an antenna located above a reflecting ground
plane. 1In the actual experiment the transmitting antenna was
located four inches above the ground plane. This resulted in a
vertical pattern having a first peak approximately at 1.25° above
the ground plane and subsequent peaks at 2.5° intervals beyond
this - see Figure 2-2. Minima are located midway between peaks at
2.5° intervals and multiples thereof.
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from the transmitter to the receiver (see Figure 2-4). The point
of view is as looking from the transmitter down range.

The slight irregularities of the curve in Figure 2-2 were
caused by environmental scattering. The gentle roll - off toward
the edge of the pattern seen in Figure 2-3 is because both the
transmitting and the receiving antenna have a similar horizontal
gain pattern. The pattern is not symmetrical with respect to
the center line. There is a prominent portion peaking at 1.5°
to the left of the center direction. In the mathematical model
developed to simulate scattering from various objects the horizontal
gain pattern is taken as symmetrical with respect to the center line.
The over all theoretical pattern without scatterers was adjusted so
as to fit the empirical curve given in Figure 2-3.

Figure 2-5 shows the measured received power (when no targets
were present) at the first minimum (19 5/8 inches) above the
ground at a range of 36 feet. The range was the same for all
the measurements presented in this report.
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3, COMPARISON OF MEASURED RECEIVED POWER WITH THEORETICALLY COMPUTED
RECEIVED POWER FOR VARIOUS SCATTERERS

In this section we consider the experimentally measured and the
theoretically calculated received power patterns when various large
scattering objects were placed in the range.

3.1 TILTED RECTANGULAR SCATTERER

Figure 3-1la shows the measured received power at the second
lobe peak above the ground for a rectangular metal scatterer, 17
inches high, 72 inches long, tilted 1° from the vertical. The top
edge was tilted away from the center line; the lower edge was in
contact with the ground. In full scale, the rectangle would be
142 feet high and 600 feet long. The rectangle (made of aluminum)
was located with its length parallel to the center line and 6 feet
from it. The midpoint of the rectangle was 18 feet down range
from the antenna as shown in Figure 3-1la.

A theoretical program was developed at TSC to calculate the
Fraunhofer scattering from an elevated, slanted, perfectly con-
ducting rectangular slab. The development was reported in
Section 4.4 of Reference 2. The calculation is restricted to
the case when

LY and TP <<1 (1A)

where p is the distance from the mid-point of the lower edge to
the opposite corner of the slab, A is the radiation wavelength,

r' is the distance from the antenna to the slab and R' is the dis-
tance from the slab to the observation point. The above restric-
tion limits the size of the slab. To obtain the scattering from
the 142 feet x 600 feet rectangle one must analytically consider
the slab to be composed of smaller sub-slabs. The scattering from
the large slab is then the sum of the scattering from the sub-
slabs.
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The rectangle shown in Figure 3-la was first divided (in the
computation) into four horizontal strips; the computer program then
automatically sub-divided the strips in the horizontal direction
so as to satisfy the restriction given in Equation 1A.

Since the model in Reference 2 assumed that the horizontal
gain of the receiver was uniform while the experimental trans-
mitter and the receiver both had non-uniform gains, factors for
these gains were included in the computation program for the
direct wave, the incident wave on the scatterer and the wave from

the scatterer to the receiver. The received power is expressed by
20Logq, (Vd + VS) dB

where Vd is the voltage at the receiver induced by the direct wave
and V. is that induced by the scattered wave. The figures show
the relative power in a dB scale (so that absolute numerical

values have no meaning in the figures).

Figure 3-1b shows the calculated received power at the second
lobe peak for the rectangular scatterer (tilted 1°) shown in
Figure 3-la. The peak to peak amplitude of the fluctuation is a
measure of the power induced by the scattering.

Figure 3-2a shows the measured received power at the second
lobe peak when the previously mentioned rectangle was tilted 15°
from the vertical. The corresponding calculated received power is
shown in Figure 3-2b. In comparison with the case when there
was a 1° tilt the amplitude of the fluctuation is diminished; also
the region of maximum amplitude is shifted toward the right from
the center line (looking from the transmitter). The figures show
reasonable agreement between the measured and the calculated re-
ceived power with regard to fluctuation amplitude, envelope shape
and angular location peak values.

Figure 3-3a shows the measured received power at the first
minimum for the same rectangle tilted 1° from the vertical. In

11
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this minimum the primary induced voltage is caused by the scattered
wave from the rectangle. Figure 3-3b shows the corresponding
calculated received power for the same observation height. The
relative strength of the peak above the background is about the
same for both the experimental and the calculated curves. The

~ calculated curve, however, has a narrower peak region as compared
with the peak of the experimental curve. When the rectangle

had a tilt of 15° from the vertical there were no noticable
changes in the measured and calculated curves from that when
there was no scatterer. Apparently the main body of energy is
reflected in a direction higher than the observation point.

3.2 VERTICAL CYLINDRICAL SCATTERER

Figure 3-4a shows the measured received power at the second
lobe peak for an aluminum cylindrical scatterer (with a vertical
axis) 3 3/8 inches in diameter and 24 1/8 inches high. In the
full scale this would be a cylinder 28.125 feet in diameter and
201.04 feet in height. A theoretical program was developed at
TSC to calculate the scattering from a perfectly conducting
cylindrical section elevated above a perfectly conducting ground
plane.3 With the restriction that the ratio of the cylinder
diameter to the radiation wavelength to much greater than one
we used Kirchoff's approximation - approximating the tangential
component of the total magnetic field on the cylinder surface by
twice the tangetial component of the incident magnetic field on
the side illuminated according to geometric optics and approxi-
mating the very small field on the shadow side by a null field.
Also, the mathematical model is restricted to the case

2
T w TP <<1 (1B)
AR

where p is now one half the size of the scatterer, R' is the
distance from the transmitter to the scatterer or from the

observation point to the scatterer, and A is the radiation

16
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12

wavelength. TFor the present case A = 3 feet and R' 1500 feet
full scale. When 1t = 1/5, p = 17.3 feet and when 1 1/4,
0 = 19.3 feet. The cylinder in Figure 3-4a has a radius 14 feet

full scale. We divided the vertical extent of the cylinder into
four sections of about 50 feet each. The computer program was
then applied to each section and the total scattering is the sum
of the components. Figure 3-4b shows the calculated received
power at the second lobe peak for the case shown in Figure 3-4a.
As can be seen the amplitudes are closely matched and the fluctua-
tion envelopes for the experimental and theoretical curves occur
at the same places. The dip in power on the left corresponds to
the geometric shadow of the cylinder.

Figure 3-5a shows the measured received power at the second
lobe peak for a thicker vertical copper cylindrical scatterer,
11 1/8 inches diameter and 23 15/16 inches high. Full scale,
this would be a cylinder with a 46.35 feet radius and 199.48 feet
height. Although in this case Equation 1B is not satisfied
(t = 1.5) we nonetheless used the previously described program to
calculate the scattering. Figure 3-5b shows the calculated re-
ceived power at the second lobe peak for the case shown in
Figure 3-5a. One result of overstepping the phase criterion
(Equation 1B) is that the dip in power in the geometric shadow (on
the left) is not so large in the theoretical pattern in comparison
to the dip in the experimental pattern. In the central portion,
however, the theoretical and experimental patterns compare
favorably.

At the first minimum there were no noticeable changes in the
measured and calculated curves (caused by the vertical cylinder
of the two mentioned diameters) from the case of no scatterer.

19



By-¢ 9In3TJ UT UMOYS 9SB) I0F YBOJ 9qOT PUODSS 3B IIMOJ PIATSI9Y POIBINOTE) ‘qy-¢ @ansStyg

YHAISOHY Ol
mmHPH:wEH EOW_..H HTONV HLOWIZV
$3345139.
bN - s ah N2 aa - oz ah 2’5 2'8
— t t t 7 t t ¥ = t + —+ 62

sz ;
. m
ree 3
02 M
e
ey
= O
Z o
2l 0, M
at i
o
+m. o
T 2
t
=

20



ySTH ,9T/ST €z ‘a03eouwerq .8/T TT €I81933eDS ISPUTTAD
Ted13x5p I1addo) 10F YeBod 9907 PUODISS 1B I9MOJ POATSD9Y POINSEBIN "BG-¢ 21ngdtyg

YIAIEDTY Ol YHLLIWSNVYL WO¥d HTONYV HLOWIZY

S

=1

"
| H3MO TALL

..l:u_ T

qp0c- ONILLAS HAATADH, |

HOTH HONI 91/ST €7t t
YAANTTAD TVDIL¥IA WYIQ HONI 8/T TIT ¢:Mw|
JONVY ,9¢ ‘dvdd I90T aGNOJIS —°
i SUYWIA T :

T 10aroud
¢L/vT/7 dIva 9zl -ON NHALIVd

o

YAMOd QIATHDHY HAILVTHY
21



BG-¢ 2an3TJ UT UMOYS 9SEB) 10F YBSJ 9¢0T PUOIAS 3B I9MOJ PIATIIY pole[nd[B) °q§-¢ 2inS1yg

YJHATHOdY OL
JILLINSNVYL WO¥d HTONV HLAWIZYV

£334330
oo o

cra 0's o'h 0z : ez ch £°g 28
1 } i - t } +—t + + + BZ-
Fg2-
. B
-Z2- W
=
+ gz- =
[es]
+81-,
=
1|.w_|” It
— 0
I_.__'m t
T2l- M
o 3
L g- =
L g- nMu
- h- m
W M
0

22



44, SUMMARY AND CONCLUSION

Scale model (100/1 ratio) experimental measurements were made
at the U. S. Army Watertown Arsenal on the scattering effects
caused by large objects deliberately placed in the electro-magnetic
radiation field of the transmitter. Absorbers were placed around
the range to somewhat reduce the environmental scattering -

Figure 2-1. Measurements of the horizontal radiation interference
patterns were made with the receiver at the height of the vertical
antenna pattern's second lobe peak (to simulate the 'carrier plus
sideband'" transmission peak of the glide slope instrument landing
system - Figure 2-2). Measurements were also made at the height

of the first minimum between the first and second lobe peaks (to
simulate the measurement in the null of the "sidebands only"
radiation of the ILS along the glide slope, since the test antenna
transmits a continuous wave). The receiver was moved perpendicular

to the center line 36 feet down range.

Mathematical - physical models developed at TSC were used to
calculate the Fraunhofer scattering from a tilted perfectly con-
ducting rectangular slab and a vertical perfectly conducting
cylinder.

Measured and calculated radiation power patterns at the second
lobe peak caused by rectangular metallic scatterer (17 inches high,
72 inches long) are presented for tilt angles from the vertical of
1° and 15° (Figures 3-1la, b and 3-2a, b). There is good agreement
with regard to fluctuation amplitude, envelope shape and angular
location of peak values,

Measured and calculated power patterns at the first minimum
caused by the rectangular scatterer are also presented (Figures
3-3a and b) for the tilt angle 1°. There is favorable agreement.
The peak magnitude above the background is about the same for the
experimental and the calculated cases. For some presently un-
known reason, however, the calculated peak is narrower than the
measured case.
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Measured and calculated received power patterns at the
second lobe peak caused by a metallic vertical cylinder are
presented - Figure 3-4a and b (3 3/8 inches in diameter, 24 1/8
inches high), and 3-5a and b (11 1/8 inches in diameter, 23 15/16
inches high). Reasonably good agreement between the experimental
and the theoretical curves exists.

For summary, within the limitations of the experimental
environment which produced significant unwanted reflections, the
cases show good agreement between experiment and theory.
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