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.percent for the straight jet, + 30 percent for the low bypass ratio

SUMMARY

As noise propagates over the ground, the sound level decreases
with distance from the source. This reduction is due to phenomena |
such as divergence of the sound waves, absorption of the sound |
energy by the atmosphere, and interaction with the ground cover. 1
The losses due to ground effects are called excess ground attenuation.

The field data used to develop the excess ground attenuation
algorithm presently in NOISEMAP show considerable scatter. These
uncertainties impact the ability of NOISEMAP to predict with con-
fidence the noise exposure from ground runup operations. This
study examines the sensitivity of ground runup noise predictions
to the accuracy of the excess ground attenuation algorithm used in
NOISEMAP.

Day/Night Level (DNL) noise exposure contours were forecast for
three types of military aircraft engines using four variations of ’i
the excess ground attenuation algorithm. One hour of single engine
military power ground runup activity was assumed for the F-4, C-141,
and C-5 aircraft. These aircraft were chosen because they have
straight jet engines, low bypass ratio fan engines, and high bypass
ratio fan engines, respectively, having considerably different
noise spectra. A-weighted sound level versus distance curves were |
developed for each aircraft for each ground propagation algorithm. 3
These curves were computed as a function of angle since the spectral
characteristics of runup noise vary around the aircraft. The propa-
gation algorithms studied were: no excess ground attenuation, stan-
dard NOISEMAP excess attenuation, and NOISEMAP excess attenuation
plus and minus one standard deviation of the field test data used to
develop the NOISEMAP algorithm.

The results showed DNL 65 area changes of approximately + 40
fan jet, and up to 10 percent for the high bypass ratio fan jet due
to * one standard deviation changes in the attenuation algorithm.
Assuming no excess ground attenuation, the results showed the DNL
65 area increased approximately 100% for the F-4 and C-1u4l type
engines and 4% for the C-5 type engines.

This study clearly substantiates the need for further field
measurements planned by AMRL in 1977 and 1978 ‘to refine or modify
the excess ground attenuation algorithm and reduce, if possible,
the uncertainties associated with the algorithm presently used in
NOISEMAP.
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PREFACE

This report is one of a series describing the contractual and
in-house research program undertaken by the Aerospace Medical
Research Laboratory under Project/Task 723104, Measurement and
Prediction of Noise Environments of Air Force Operations, to
develop a procedure for predicting the community noise exposure
resulting from aircraft operations. Other reports previously
published under this research program include: AMRL-TR-73-105,
"Community Noise Exposure Resulting From Aircraft Operations:
Application Guide for Predictive Procedure"; AMRL-TR-73-106,
"Community Noise Exposure Resulting From Aircraft Operations:
Technical Review"; AMRL-TR-73-107, "Community Noise Exposure
Resulting From Aircraft Operations: Acquisition and Analysis
of Aircraft Noise and Performance Data'"; AMRL-TR-73-108,
"Community Noise Exposure Resulting From Aircraft Operations:
Computer Program Operator's Manual"; AMRL-TR-73-109, "Community
Noise Exposure Resulting From Aircraft Operations: Computer Pro-
gram Description"; AMRL-TR-73-108, Appendix "Community Noise
Exposure Resulting From Aircraft Operations: NOISEMAP Program
Operator's Manual"; AMRL-TR-73-108, "Addendum For Version 3.3
of NOISEMAP"; AMRL-TR-75-115, "Sensitivity Studies of Community-
Aircraft Noise Exposure (NOISEMAP) Prediction Procedure";
AMRL~-TR-76-111, "Validation of Aircraft Noise Exposure Prediction
Procedure"; AMRL-TR-76-115, "Aircraft Sideline Noise"j; AMRL-TR-76-
116, "Further Sensitivity Studies of Community-Aircraft Noise
Exposure (NOISEMAP) Prediction Procedure"; AMRL-TR-76-123,
"Calculation of Sideline Noise Levels During Takeoff Roll"; and
AMRL-TR-76-124, "Selection of Minimum Day/Night Levels for
NOISEMAP Contour Calculations". Technical monitor for this

effort was Mr. Jerry Speakman of the Biodynamic Environmernit Branch.
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SENSITIVITY OF AIRCRAFT RUNUP/COMMUNITY
NOISE PREDICTIONS TO EXCESS GROUND ATTENUATION

i1 INTRODUCTION

This study examines the sensitivity of ground runup noise pre-
dictions to the accuracy of the excess ground attenuation algo-
rithm. First, excess ground attenuation will be defined and the
general nature of the problem will be presented. Then the pro-
cedure used to analyze the problem will be outlined and the

conclusions summarized.

ITI. EXCESS GROUND ATTENUATION

As noise propagates over the ground from a source to a listener,
the sound level diminishes with distance traveled. This reduction
is caused byphenomena such as divergence of the sound waves, absorp-
tion of sound energy by the atmosphere and interaction between

the sound waves and the ground.

The losses due to ground effects have been termed excess ground
attenuation (EGA). Schemes to predict these losses have been
developed and are referred to in this report as ground atten- |

uation algorithms.

Several such algorithms have been proposed!’? and one of these
is currently used by the Air Force in their land use planning
activities. However, the field data used to develop this
algorithm show considerable scatter. Consequently, there has
been a lingering question as to the accuracy of the algorithm
and the impact of possible lnaccuracies on noise predictions.
Several studies have been proposed to measure excess ground
attenuation more accurately in the field and refine the existing

ground propagation algorithms.
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This study, performed in support of the field measurement pro-

grams, investigates the sensitivity of noise predictions to the
accuracy of the algorithm. In other words, if we change our
current propagation model, will there be an appreciable change
in the noise predictions rendered?

The general impact of incorporating excess ground attenuation into
sound propagation calculations is illustrated in Figure 1. This
figure shows the frequency spectra resulting from an F-4 runup

at both 3200 feet and 8000 feet. Spectra are presented that
assume no excess attenuation as well as assuming the standard
attenuation. These curves clearly show that for this algorithm

EGA is most important at large distances and low frequencies.

IITI. PROCEDURE

To evaluate the sensitivity of noise predictions to the accuracy
of the ground propagation algorithm, a simple approach was taken.
Day-night level (DNL) exposure areas were forecast for three
military jet aircraft using four variations of the excess ground
attenuation algorithm. The four exposure predictions for each
aircraft were then compared to see if changing the ground atten-

uation algorithm caused substantial changes in the predicted :
noise exposure. ]

The measure used to assess the effect of the runup propagation
algorithm was the calculated area within a defined DNL contour

or equivalently, the area where the sound exposure is greater

than a defined level. For this study, one hour of military power
operation was assumed for each aircraft. This duration was chosen
since it is representative of daily runup times that actually

occur.
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The three aircraft chosen were the F-4, the C-141 and the C-5.
These aircraft were chosen because they have straight jet engines,

low bypass ratio fan engines and high bypass ratio engines,
respectively. Each of these engine types has a different frequency
spectrum as shown in Figure 2. Since ground attenuation is a
frequency dependent phenomenon, it is important to investigate
several sound sources having different spectra.

The first step in calculating exposure areas was to develop
A-weighted sound level versus distance curves for each of four
ground propagation algorithms, for each aircraft. These level
versus distance curves were calculated for a range of angles
around the aircraft since the spectral characteristics of runup
noise vary around the aircraft. Spectra were developed for the
following ground propagation algorithms.

1. Standard air-to-ground propagation, with no excess
ground attenuation.

2. Standard excess ground attenuation. This standard
attenuation is that currently used by the Air Force's
OMEGA 6.6 computer program.

3. Standard excess attenuation minus a frequency
dependent factor, o.

. Standard excess attenuation plus o additional
attenuation.

The standard ground attenuation is shown in Figure 3 and the
minus and plus o attenuation algorithms are shown in Figures U
and 5, respectively. The values of o were chosen to represent
the standard deviation of the test data used to develop the




standard ground algorithm. The plus and minus o algorithms represent

the range of the possible algorithms that might have been derived

from the original field data.

The noise level versus distance data for the three test aircraft,

for each of the four propagation algorithms are tabulated in
Appendix A. Figure 6 shows the A-level versus distance curves
for the F-4 at 140 degrees. This figure is presented to show
graphically the general effect of the different algorithms on
the A-weighted sound level.

After calculating the noise versus distance profiles, the next
step was to use these profiles to calculate the exposure areas.
The NOISEMAP computer program was used to calculate these areas
with the results given in Table 1. Also shown in this table
are the area changes that result from using the "plus o" or
"minus ¢" curves instead of the standard curve. These area
changes are expressed as a percentage of the standard area.

The '"no excess attenuation" areas are presented to show the
importance of the ground attenuation relative to standard air-
to-ground propagation.

IV. RESULTS

Table 1 indicates that a deviation of *o from the standard

ground attenuation curve would result in an area change of about

t40 percent for the F-4, *+30 percent for the C-141 and from 1
to 10 percent for the C-5.

The percent area change is a function of the frequency spectrum
of the noise source and of the distance from the source to the
contour being examined. If a noise source has no frequency
components below 800 Hz, or if the contour of interest is less
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than 1,000 feet from the source, then the predicted area within
the contour will be unaffected by the details of the ground

propagation algorithm. The contour area is most sensitive to
the details of the ground propagation algorithm when the sound @
source produces significant sound energy below 800 Hz and is loud '
enough to cause significant DNL values at distances greater than

6,000 feet from the source. Thus, the sensitivity of noise
prediction, as measured by the size of specific noise contours,

is dependent on both source level and source spectral characteristics.

Since the F-4 has the highest sound levels of the three aircraft
examined, and also has a good portion of its energy in the low ';
frequency bands, excess attenuation should have a greater impact
on the size of its 65 DNL contour than the 65 contour for other
aircraft. This was born out by calculations. 1

Figures 3 through 5 show that the EGA is most important for sound
sources with substantial low frequency (below about 300 Hz) energy.
Since the F-U4 is a straight jet, it produces more low frequency
energy than the other aircraft and its radiated noise levels are
more sensitive to the EGA algorithm than the C-141 or C-5. 1In
fact, the C-5 has so little energy in the low frequency bands that ;
ground attenuation has little impact on the predicted exposure 7

area.

Figure 7 shows the 65, 75 and 85 DNL contours for the F-4 that
result when each of the four EGA algorithms is applied. It can
be seen from this figure that the position of the contours is
most sensitive to the EGA algorithm at angles of maximum noise
energy. This occurs because noise at the maximum energy angle
typically has the most low frequency noise energy.
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V. CONCLUSIONS E

Since turbojet aircraft produce high noise levels containing

significant low frequency energy, excess ground attenuation should !
1 be modeled accurately in order to obtain good noise predictions

for these aircraft at large distances. However, due to the scatter
in the field data used to develop the ground propagation model,

the current prediction method could be calculating exposure areas

e i Gt ks

that are in error by as much as forty percent at distances greater
than 6,000 feet. Moreover, reducing this potential error due to
scatter does not eliminate other possible inaccuracies in the
model that may have been introduced by other limitations of the
original measurements such as the absence of upwind attenuation

observations.

The combination of uncertainty in the model due to scatter as

well as the lack of data for a variety of measurement conditions
clearly substantiates the need for further field measurements

to refine or modify the ground propagation algorithm and establish
confidence in its accuracy.

g
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APPENDIX A 3
E A-WEIGHTED LEVELS RESULTING FROM VARIOUS EXCESS :
GROUND ATTENUATION ALGORITHMS
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1000.0
1250.0
160040
2000.0
2500.0
3150.0
4000.0
5000.0
6300.0
8000.0
10000.0
1250040
16000.0
20000.0
25000.90

8l.3

73.3

59,4

Sl.l

35,6

119.3
117.1
11409
11267
1104
10801
10567
10362
10067
981
95,3
9245
89.4
B6e2
827
7869
75.1
Tlel
668
6261

5669

512

119.1
1170 12049
114,8
112.7
110.5
108.2
105.9
103.6
101.2

98.7
96.2
93.5
9046
B7.4
8440
80,3
1647
72.8
6846
64,41
59.0
53.5

125.6
123.5
121.4
119.3
117.1
115.0
112.8
110.5
108.2
105.9
103.4
100.8
97.9
9448
91.3
87.4
8440
80.3
7603
7240
67.3
62.2

IN VDEGREES *0 Attenuation
1100 12060

111.2
10869
106.6
104,3
101,.,9
99,3
S6e4
93.2
B9.7
85.8
82.“
78.8
74.9
7067
6640
60.9

140.0 15040

1201 77.2
118,1 75.2
116,0 73.1
113.9 71.0
111.7 69.0
109,6 66.9

105,1 62.6
102.8 604
100,5 58,2
98,1 55.9
95,4 53,0
92.6 49.6
89,5 45.8
86,0 41.9
8202 -‘7.7
78,8 34.6
5.1 31.2
71e1 2747
66,8 24.1
62,0 20.3
56,7 16.4

8000.0
10000.0
12500.0
16000.0
20000.0
2500040

04.8

S51.1

119.3 119.1
11741 117.0
114.9 114.8
llo". llo-‘l
10840 10841
105¢5 10546
102.8 102.9
1000 10061
9649 97.0
93.6 93,7
9040 902
86.1 B6e2
8"’ 8‘09
770 77.2
71.8 122
67.2 6748
6242 63.2
5669 58.2
SIOJ 52-8
45,2 4649
3806 "005
Aircraft
«20=

99.9
96.2
92.2
87.8
83.1]
78.2
T4e0
69.6
6448
597
S4.1
48.2

125¢6 123.9
123.5
121.4
119.3
117.0
1146
112.1
109.3
106.4
103.3

121.8
119.8
117.0
115.3
112.9
110.4
107.6
104.6
101.5
98.0
94,3
90.2
85.7
8l.1
76.1
72.0
67.6
62.9
57.9
52.6
46.8

118,1 75.2
116,0 73,1
113.9 71.0
111.6 68.6
109,2 6640
106,7 63.3
104,0 60.3
101.,1 57.2
98,0 53.8
94,6 50.1
91,0 46,1
87.0 4l.8
B2.,6 37.1
77.9 3244
7300 2T el
68,9 23.4
64,5 19,2
59.7 14%.8
54,5 10.2
49,0 S.6
43,0 le1l




PSS ———————

B

2500.0
3150.0
4000.0
5000.0
6300.0
8000,0
10000,.0
12500.0
16000.0
20000.90
25000.0

1000040
12500.0
16000.0
2000040
25000.0

IN DEGRELS Std.
500 600 7040

1050 106e4 10067
102.7 . 1041 98,4
10063 10167 96,1
97.9 99,2 93,6
95e3 967 9l.1
92.7 94.0 88,5
89.9 91.2 85,8
87.0 B88.2 8340
84.0 8542 8060
80e8 81e9 7740
T7.5 T8.6 77348
Tasl 7561 7064
TOe4 Tle4 6649
66.5 675 63,1
62e3 6303 58.9
ST «7 586l 5S4e4
53.2 54.1 50.0
48,4 49,2 45,3
434 4401 40,2
38.0 3866 34.7
32.4 32.8 28.9
2605 2608 22.7

107.0
104,7
102.4

99,9
9744
9448
92.1
89,3
864
83.3
802
7649
134
6946
6545
61,1
56,7
52,0
46,9
4].44
35,5
293

1100 130,0

43.3

IN UEGREES No Excess Attenuation

5060 6060 70.0

780 789 7442

C-141 Aircraft

2]

8060

1

130.0 150.0

106.6
104.5
102.3
100.2
98.0
55.8
93.6
91.3
89.0
86.6
84,2
8l1.8
79.2
76,6
73.8
7049
67,8
64,6
6l.1




ANGLE IN DEGREES -0 Attenuation
DIST 0.0 3060 5S0e0 600 70,0 80s0 110.0 130,0 150,0 180.0

1600.0 FT 8243 84,3 8lel 82el 7742 8346 BT.7 93.6 93.2 73.2
2000.0 FT 79.3 8l.1l 78e0 78¢9 74,2 8066 848 91.3 91,0 71.0
2500.0 FT 76,1 T7¢7 T4,7 7565 7069 7T7e4 8le6 88,2 88,0 68.0
3150.0 FT 7247 1462 Tle2 T2¢0 67e5 T4e0 T8e¢3 B4eé 84,7 6447
4000.0 FT 69,1 T0e4 675 6863 6369 T0e4 T4e7 B0,7 80.9 6049
5000.90 FT 65,3 6644 63.6 644 6061 6667 7100 7647 77.1 57.1
i 6300.0 FT 6l1e3 6262 59¢5 6062 5661l 62¢7 6T7¢0 72,5 13,2 53.2
] 8000.,0 FT 57,6 58,0 5545 5662 520 5867 63:3 69,3 70,0 50,0 :
10000.0 FT 53¢7 S53¢7 Sle3 5Sle9 4T7eB S4¢5 59¢2 66,0 66,6 4646 “
12500.0 FT 49,5 4942 47¢0 474 43e3 5060 5449 6244 63,0 43,0
16000.0 FT 45,1 44,6 42.4 4241 3846 4562 S04 58,7 59,2 39.2
20000.0 FT 4043 3967 3747 3768 337 4042 4546 54,8 55,1 35.1
25000.0 FT 35,1 3444 32¢7 3246 28¢5 350 40.7 50,8 50,8 30.8

ANGLE IN DEGREES t0 Attenuation
DIST 0.0 3040 50e0 600 7040 8000 1100 130.0 150.0 180.0

] 2000 FT 105.5 10843 10560 10664 100e7 10760 110.9 112,9 112.,1 92.1
25060 FT 103,2 10660 10247 104¢]l 9844 10447 108.6 110,8 110,1 90,1
1 31540 FT 10049 10347 10063 10167 9661 102¢4% 1063 108,7 108.0 88.0
400.0 FT 98,5 10162 97¢9 99¢2 93e7 9969 103.9 106,06 106,0 &6.0
500.0 FT 9640 YBe7 9563 966 9lel 9764 10143 104,1 103,5 83.5
630.0 FT F3e4 J6e0 9246 939 BBeS 9448 98.6 101.5 100.9 80.9
| 800.0 FT 9046 9342 B89¢8 Ylel BS5Se7 92,0 95.8 98,7 98,2 78.2

! 1000.0 FT B7.,7 9Y0e2 B86eB 88sl B2.8 B89el 928 95,7 95,2 75.2
) 1250-0 FT 8‘0.5 5700 83.6 B4 49 7907 8600 89-7 92.5 92.0 7200

16000 FT Ble2 B3e6 B0e2 Bled4 T6e3 B2¢7 86¢3 89,0 88,6 68.6
2000.0 FT T7.6 8060 7666 TT7e8 7248 7T9¢l 82.7 85,3 84,8 64.8
2500.0 FT 73,7 7662 72¢7 7369 6940 75¢3 7849 8l,2 80,7 60.7
3150.0 FT 69.5 7240 68.5 69e7 6469 T1e3d T4e8 76,9 76,3 56.3

4000.0 FT 64,8 0745 6440 65e]l 60e&4 668 T0e3 7242 715 5145 {
5000.0 FT 598 025 5940 6062 55¢5 6169 65¢5 67,5 66,9 46,9
! 6300.0 FT S4,4 5740 53¢7 5468 5062 S6e7 6063 62.5 62,0 42.0
i 8000.0 FT 49,4 Sle7 48,6 49«7 4543 5149 55.7 58,4 58,4 38.4
10000.0 FT 44,3 46,0 4362 44,42 4060 4667 S0e7 S4,1 54,4 344
12500.0 FT 39,0 4040 375 3844 3443 4lel 45.4 49,6 5S0,2 30.2
16000.0 FT 33,5 338 3145 3263 2843 3561 39.6 45,0 45,7 25.7
20000.0 FT 2147 2746 2564 2509 2240 2Be¢7 33.5 4043 40,9 20.9
' 25000.0 FT 2leS 2lel 1941 1965 1565 2261 27.2 35,6 35.9 15.9

C-141 Aircraft
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ANGLE IN DEGREES Std.
DIST 0.0 2040 40e0 70¢0 9060 10040 1100 1200 150.,0 180.0
20060 FT 11169 1144 113e3 11768 11662 11463 11961 117,11 106,7 86,7 1
2500 FT 109,7 11262 111el 115646 11440 112.0 1168 114,8 104,5 84,5 1
31540 FT  107.4 109,9 108¢8 113e3 11166 109e7 114¢4 112.4 102,2 82.2
40060 FT 10561 1076 10664 1110 10962 10763 1119 110.,0 99,8 79,8
S00e60 FT 10247 10562 10460 10845 10668 10468 109¢3 1075 97,4 T7.4
6300 FT 10042 1028 10165 10660 10462 102¢2 106e7 104.9 94,9 74,9
800.0 FT 9747 10062 98¢9 10365 10165 9946 10440 1023 92,2 72,2
1000.0 FT 95,0 97e5 962 10068 9867 9668 101el 99,5 89,5 69,5
125040 FT 92,2 9448 934 9749 95.8 93.9 98.1 96,5 86,5 6645
1600.0 FT 89,3 Y918 G064 G4e9 9247 9069 950 93,5 83.4 63.4
2000.0 FT B0.2 8BBe7 B87e2 9le7 B9¢4 BT7el 91¢6 90,2 80,1 60,1
§ 2500.0 FT 82,9 35,4 83.8 88¢3 8569 8463 88.1 86.0 76,6 56.6
' 31500 FT 79¢3 81e8 8062 8B4eT B2el BOe7 84e2 B82e8 72,7 527
4000.0 FT 755 1749 T76¢2 80el TBe0 7667 80¢e0 78,6 68,5 48,5 1
5000.0 FT 71,2 7346 719 7663 7346 72¢4 7563 73,9 63,8 43.8
6300.0 FT 66,5 68¢8 67e1 7164 68¢7 677 7T0.2 68,8 58,8 38,8
8000.0 FT 61,7 63,7 619 66¢3 63e6 62¢71 H4e9 63,5 H3,7 33,7
10000.0 FT 56,5 58,0 5642 609 58es) 5763 59¢2 57,9 48,6 28.6 |
1250040 FT 5069 5le7 5060 5S¢0 5261 5165 53¢2 52.2 43.3 23.3
16000.0 FT 44,9 44,9 43¢3 487 45,8 4542 4T«0 46,3 37,8 17.8
20000.0 FT 3B.5 37e8 36e3 4260 392 38e7 4066 40,2 32.3 12.3
25000.0 FT 3168 30465 29¢3 3560 3263 3260 34.0 33,9 26,8 6.8

ANGLE IN DEGREES No Excess Attenuation
DIST 0e0 2060 40¢0 7060 9060 10060 1100 1200 150.0 180.0

25060 FT 10947 11262 11161 11566 11460 11260 11668 114.8 1045 84,5
31540 FT 107,46 10949 108¢8 113¢3 11146 10967 11644 112.,4 102,2 82,2
40040 FT 10541 106766 106¢4 11160 10962 107¢3 11169 1100 99.8 79.8
S0060 FT 102,7 10562 10460 108e5 10668 1048 109¢3 1075 974 T7.4
630.,0 FT 100,2 1028 1015 106e]1 10462 1022 106¢7 1049 94,9 74,9
800.0 FT 97.7 10062 9869 103¢5 1015 9966 10460 1023 92.3 72.3
1000.0 FT 5.0 Y766 962 1008 987 96e8 101el 99,5 89,5 69,5
1250.0 FT 92,3 9448 934 9769 9548 9440 98¢l 9646 8B6,7 66,7
1600.,0 FT 893 Y1eB 9064 94,9 9247 91,0 95.0 93,5 83.6 63.6
2000.0 FT 8643 B8e¢7 B8T7e3 91e8 B89¢S BT7e8 Gle7 90,3 80,4 6044
2500.0 FT 83,1 B8B5¢4 83.9 88.s4 86e0 B4eS BBe2 8648 77,1 57.1
3150.0 FT 796 Ble9 B80e4 Bb4.8B B8B2+4 B8le0 B4es4 83,1 73.5 53.5
4000.0 FT 76,0 78e1 7645 B81e0 78e4 7763 80e3 79,1 69,9 49,9
5000.0 FT T2e2 7440 7245 T6eB The3 T3e4 T6e0 T4.9 66,2 46,2 k
6300.0 FT 68,2 6946 6841 T2¢5 T0e0 6963 7165 706 62¢5 4245
8000.0 FT 64,0 65,0 63,6 6749 6566 6501 6669 6663 59,0 39,0
10000.0 FT 59,8 6041 S8e9 6362 6lel 6069 62¢3 6262 556 35.6
12500.0 FT 5546 5563 S4.4 5865 5648 S6H 5840 58,2 52,3 32.3
16000.,0 FT S5le4 50,8 5S0.1 538 5246 52¢7 53.7 54,4 49,0 29,0
20000.0 FT 47,3 46,5 46,1 49,1 48,4 4B,8 49,6 5S0.,6 45,6 25,6
25000.0 FT 43,1 4243 42.1 4445 4443 4448 4544 46,7 42,1 22el

Al
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1250.0
160040
2000.0
2500.0
3150.0
4000.0
5000.0
6300.0
8000.0
1000040
1250040
16000.0
20000.0
25000.0

6300.0
8000.0
1 10000.0

1250040
‘ 160000
20000.0
25000.0

0.0
FT 111.9
FT 109,7
FT 107.4
FT 105.1
FT 1027
FT 100,2
FT 97,7
FT 95,0
FT 92.3
FT 89,3
FY 86,3
FT 83.0
FT 19,5
FT 75,8
FT 71,8
FT 674
FT 62,9
FT 58,2
FY 53,2
FT 47,9
FT 42,4
FT 36,7

0,0
FT 111.9
FT 109,.,7
FT 107.4
FT 105.1
FT 102.7
FT 100,2
FT Y146
FT 94,9
FT 92,0
FT 88,9
FT H5,6
FT 82,0
FT 78,0
FT 713.6
FT 68,8
FY 63,4
FY 57.9
FY 5281
FT 45,8
FT 39,1
FT 2.1
FY 24.8

ANGLE
2040

35.3

20,0

60.7

23,9

IN DEGREES ~0 Attenuation

4040

4040

7060

39.5

90.0

100.0

107.3
104.8
102.2
99,6
9648
94,0
91,0
87.8
8445
809
770
7245
6844
63.7
58.8
53.6
4843
4248
37.3

1100 120.0 150.0 180.0

119.1 117.,1 106,7 86.7
1168 114.8 104,5 84,5
1144 112.,4 102,2 82,2
111.9 110,0 99.8 79,8
1093 107.5 97.4 T7.4
106¢7 10449 94,9 74.9
1040 102.3 92,3 72.,3
1011 99,5 89,5 69,5
98.1 96,6 B86.,7 66,7
95.0 93.5 83.6 63.6
91¢7 90.3 80,4 60.4
88e1l B6.T7T 76,9 56,9
84,3 83.0 73,2 53.2
B80e2 78.8 69,1 49.1
TSe7 T4o4 64,8 44,8
709 69,6 60,2 40,2
659 64,8 55,7 35.7
60.7 59.,8 51,3 31.3
55¢5 54,9 46,9 26,9
S0e2 49,8 42,4 22.4
4407 4G40 37,9 17.9
39.0 39.3 33.2 13.2

+0 Attenuation

700 90.0
117.8 116.2
1156 11440
113.3 111.6
1110 109.2
10865 106.8
10660 104.2
103.4 10145
1007 98.7

97.8 95,7

947 92.5

91e3 89.0

87.7 85.3

83.7 Bl.2

79¢3 7647

7663 T1la7

6Be8 66,1

63.1 604

S70 5442

503 475

43e3 4065

3569 3340

2Be2 2Se4
Alircraft

g lre

100.0

107.3
10448
102.2
99,46
9647
93.7
90.6
87.2
8365
79.6
75.1
7042
6448
59.3
53.3
4648
39.8
3245
25.0

1100 120,0 150.,0 180.0

G EE BT E I e e " W WP e e S ey W e T g R oW e

101.1 99,4 89,3 69,3

41.5 40,4 31,5 11.5

269 26,7 19.3 -




