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STUDY OP LATERAL EXCESS SOUND ATTENUATION AS DETERMINED PROM PAR 
PART 36 AIRCRAFT NOISE CERTIFICATION MEASUREMENTS 

INTRODUCTION 

At positions to the side of an aircraft flight path, measured noise 
levels are frequently lower than predicted on the basis of levels 
observed directly under the flight path, after adjustment for dif- 
ferences in propagation distance and air absorption.  This addi- 
tional attenuation, termed lateral excess attenuation in this re- 
port, generally increases in magnitude as the elevation angle (from 
ground observation point to aircraft) decreases.  This lateral ex- 
cess attenuation is due to several factors, including shielding by 
the aircraft, scattering during propagation through the atmosphere 
close to the ground, and attenuation due to propagation at low 
angles to the surface of the ground. 

For accurate prediction of noise levels on the ground to the side 
of the aircraft flight path during takeoff and landings, informa- 
tion on this lateral excess attenuation as a function of the eleva- 
tion angle (as seen from the ground observation point) is needed. 
This report describes the experimental determination of lateral ex- 
cess sound attenuation based upon analysis of the "takeoff" and 
"sideline" data acquired during formal FAR 36 certification tests 
of turboprop and business jet aircraft. 

Noise data from fifteen certification tests conducted by BBN were 
reviewed for completeness of noise and performance data and side- 
line timing information.  The latter was essential for determina- 
tion of elevation angles at sideline positions.  From these tests, 
seven were selected for detailed study.  Of the seven selected, 
complete analyses were undertaken for four sets of measurements. 
These are discussed in this report. 

The four aircraft selected for analysis were (references 1, 2, 3, 
4): 

1. Lockheed Hercules C-130H (Lockheed 382E and 382G-) equipped 
with four Allison 501D22 turboprop engines. 

2. Gates Learjet Model 24D with two GE CJ-610-6 turbojet 
engines. 

3- Gates Learjet Model 24D with two GE CJ-610-8 turbojet 
engines with daisy nozzles and shrouds. 

4- Rockwell International Sabreliner NA 265-65 with two 
Airesearch TFE 731-3R-10 turbofan engines. 



TECHNICAL DISCUSSION 

General Approach 

PAR 36 certification takeoff tests involve measurements at a "take- 
off position location 3-5 nautical miles from start of takeoff 
roll, directly under the aircraft flight path, and a number of 
side line positions as indicated schematically in Figure 1.  For 
the test data available for review, there were four sideline posi- 
tions, three on one side and one on the opposite side (not shown in 
Figure l) .  The sideline positions were spaced to cover a wide 
rang ,e of elevation angles. 

The general approach in the analysis was to compare the "maximum" 
one- third octave band levels at several sideline positions with 
those at the "takeoff" position, after adjustment of the spectra to 
a constant reference distance, aircraft airspeed and engine thrust 
for each flight.  Perceived noise levels (PNL) and A-levels (AL) 
were calculated for the adjusted spectra. 

Differences in PNL and AL, and one-third octave band levels were 
then determined as a function of elevation angle.  Regression 
curves were fitted in the data from all flights to obtain sets of 
curves showing the variation of excess attenuation with angle in 
one- third octave bands, and in terms of PNL and AL values. 

The major advantages of using already-acquired certification data 
are that: 

(a) Noise and aircraft performance data have been acquired under 
carefully documented conditions. 

(b) The noise data have already been reduced to sets of one-third 
octave band spectra at half second intervals. 

(c) Data from repeat flights are available. 

The major disadvantages of the available certification data are: 

(a) The sideline locations, typically three in number for the 
tests available for this project, do not necessarily cover the 
range of small elevation angles of most interest. 

(b) The accuracy of timing information for some of the sideline 
data available from earlier certification tests did not allow 
accurate calculation of some of the adjustments to reference 
conditions. 

Choice of Noise Spectra for Analysis 

Two sets of "maximum" type spectra were employed in the analysis. 

8 
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(a) The composite flyover noise spectrum.  The composite spectrum 
comprises the maximum one-third octave band levels recorded 
during the flyover event even though these maxima may not have 
occurred at the same instant in time.  (This spectrum may be 
A-weighted to give a composite A-level which will generally be 
between zero and 2 dB above the maximum A-level actually 
recorded during the flyover event.) 

(b) The integrated flyover noise spectrum.  The integrated spec- 
trum comprises the time integral of each one-third band during 
the flyover event normalized to a reference duration of one 
second.  Integration limits for each band were, at a minimum, 
the 10 dB downpoint during the event.  Thus: 

L(i) 

/ 
IL(i) = 10 log   /   10   1U    dt 

where IL(i) = integrated level of ith frequency band 
L(i) = level of ith frequency band at time t 

or, when computed from flyover signals sampled at discrete in- 
tervals 

K = 
d 
At 

L(i)K 

IL(i) - 10 log     y        10 10      +10 log At 

K = 0 

where d is the time interval during which L(i) is within 10 dB 
of the maximum value of L(i), and At is the time interval be- 
tween noise level samples. 

The integrated spectrum may also be A-weighted to give a form of 
the sound exposure level (SEL).  Although strictly speaking SEL is 
a time integral of the A-level time history, in practice the re- 
sults indicate essentially no numerical difference between the two 
methods of calculations. 

Major Steps in the Flyover Data Analysis 

Each major step in determining the excess attenuation for the side- 
line and takeoff data is listed below.  The appendix tabulates each 
calculation step and provides the working equations for the analy- 
sis . 

1.  Obtain the one-third octave band spectra for each aircraft 
flight at the sideline and takeoff positions in terms of 

(a)  the composite flyover spectrum 

10 



(b)  the integrated flyover spectrum* 

2. Determine the following information for each flight** 

(a) Field temperature and relative humidity. 

(b) Slant distance at time of closest approach. 

(c) The angle of radiation (0) from the aircraft at the time 
the maximum A-level was generated. 

(d) Flight speed and thrust at the time of the maximum noise 
level. 

3. Establish reference slant distance, speed and thrust conditions 
for all runs. 

4. Adjust both the composite and integrated noise spectra for air 
absorption taking into account field and reference temperatures 
and humidities, and field and reference slant distances. 

5. Adjust the composite spectrum levels to reference conditions, 
adjusting for distance and thrust. 

6. Adjust the integrated spectrum levels to reference conditions, 
adjusting for distance, thrust and airspeed. 

7. Determine and apply the relative "duration" adjustments for the 
integrated spectrum levels (i.e., the adjusted difference be- 
tween maximum and integrated level, determined for each fre- 
quency band). 

Notes: 

(a) This "duration" adjustment is calculated separately for 
each frequency band and for PNL and AL data as well, from 
linear regression lines fitted to the differences between 
integrated levels and maximum levels plotted versus log 
(distance), using data from all flights. 

(b) The above steps result in composite and integrated spec- 
trum levels adjusted to reference conditions.  Thus in the 

* In the analysis, the "10 dB down" duration time was measured for 
each one-third octave band, and compared with the duration of the 
recorded tape signal.  Levels of frequency bands where the "10 dB 
down" time was equal to the recorded signal duration were discarded 
because of insufficient signal-to-noise ratios. 

**See Figures 2 and 3 for the basic geometry and identification of 
angles and distances. 

11 
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following steps, differences in levels, aside from differ- 
ences arising from experimental error, are assumed to be 
due to changes in the elevation angles. 

8. Calculate the perceived noise level (PNL) and A-level (AL) 
values for each adjusted spectra. 

9. For each flight, determine the differences in each one-third 
octave band, and for the PNL and AL values between sideline and 
the overhead (takeoff) position.  Tabulate these data as a 
function of run and position.  Note that two sets of differ- 
ences are obtained for each run:  one set for the composite 
spectrum and another set for the integrated spectrum. 

10. Consider these differences as a function of either the sine of 
n or the logarithm of n, and fit a three-degree polynomial re- 
gression curve to the data.* 

11. Plot and/or tabulate the differences obtained from the regres- 
sion curves as a function of angle n. 

Combining Learjet Model 24D Data 

Two separate sets of certification data were available for the 
Learjet 24D, with the only difference in airplane configuration be- 
ing the installation of daisy noise suppressors and shrouds for one 
set of tests.  Because each set of data covered a range of excess 
elevation angles not measured in the other set (see "Presentation 
of Data" section), the excess attenuation differences obtained in 
each one-third octave band (from Step 9) for each set of data were 
combined.  Regression curves were then fitted to the combined data 
in accord with Step 10. 

This approach assumes that the excess attenuation, as determined in 
one- third octave frequency bands, was unchanged between tests. 
There was no change in the basic aircraft geometry (the same air- 
craft was used in both tests), and it was expected that changes in 
the engine noise characteristics (frequency spectrum and directiv- 
ity pattern) between tests would produce little change in the 
measured one-third octave band excess attenuation. 

To c btain excess attenuation values in terms of PNL and AL for the 
comt )ined data, the excess attenuation in one-third octave bands, as 
obtained from the regression curves, was tabulated for various ele- 
vation angles.  These values were then applied to the average noise 
spec trum measured overhead at the takeoff position for each air- 
craft.**  Perceived noise levels and A-levels were then calculated 
for these adjusted spectra.  The PNL and AL values at the different 

* Th e statistical program of Reference 5 was used. 

**Th e spectrum used was the average of the composite spectra 
obtained from all flights of each aircraft. 

14 



elevation angles were then compared with the PNL and A-level for 
the overhead spectrum to determine the variation in PNL and AL as a 
function of elevation angle. 

This procedure results in a set of PNL and AL excess attenuation 
curves for each aircraft test, since the overhead spectra for the 
two aircraft tests differed. 

PRESENTATION OP DATA 

Results of the analysis of data for the four aircraft are depicted 
in the series of figures, Figures 4 through 25«  Figures 4 through 
7 show the calculated excess attenuation versus angle for each 
flight of each of the four aircraft, for three one-third octave 
bands—250, 500 and 1000 Hz.  Excess attenuation values obtained 
from the composite (maximum) spectra and from the integrated spec- 
tra are coded separately.  The plots of the individual data points 
illustrate the typical variability in data, and the range of eleva- 
tion angles over which excess attenuation values were calculated. 
Each figure also showed the calculated regression curve based upon 
a three degree polynomial in sine n. 

Figures 8 through 12 show the excess attenuation curves calculated 
for each one-third octave band from 50 Hz to 2000 Hz (or 5000 Hz 
for the C-130H). 

Figures 8 through 11 show curves for each of the four aircraft, as 
calculated from each set of certification data.  Figure 12 shows 
the excess attenuation curves for the combined data from the two 
Learjet 24 tests. 

Figures 13 through 17 show the calculated excess attenuation as a 
function of A-level (AL) and perceived noise level (PNL) for each 
aircraft.  In Figures 13 through 16, two curves are shown for the 
PNL and AL functions.  One curve assumes a three degree polynomial 
in terms of sine n, the other curve assumes a three degree poly- 
nomial as a function of log n. 

Figure 17 shows the excess attenuation for the Lear 24 with stan- 
dard nozzles and with daisy nozzles, based on the combined excess 
attenuation data for the two tests.  The curves in Figure 17 differ 
for the two aircraft because the single set of one-third octave 
band excess attenuation values (Figure 11) has been applied to dif- 
ferent overhead spectra (shown later in Figures 23 and 24)- 

Figures 18 through 21 show the excess attenuation as a function of 
frequency for selected angles - two degrees, five degrees, 10 de- 
grees, and 20 degrees.  These values are based upon the regression 
curves shown in Figures 8 through 12.  Spectra are shown only where 
field measurements extended to or near the particular elevation 
angle.  Each figure also shows a curve which is an average reported 

15 
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recently (and informally) by the Air Force Aerospace Medical 
Research Laboratory, based on measurements of a number of military 
aircraft.* 

The final set of figures, Figures 22 through 25, show the average 
normalized noise spectra at the overhead position for each air- 
craft.  Two spectra are shown, one based on maximum levels and the 
other based on the integrated levels, after adjustments.  Also 
shown in these figures is the standard deviation for the average 
spectra.  With minor exceptions evident particularly at frequencies 
below 150 Hz, the normalized spectrum based on maximum levels 
agrees very closely with that based upon integrated levels.  The 
variability in measurements is approximately the same for both the 
composite (maximum) spectra and the integrated spectra, with the 
standard deviations typically averaging less than 2 dB over most of 
the frequency range. 

DISCUSSION 

Figures 4 through 7 illustrate typical variability in data and also 
show the clustering of data with angle encountered in the certifi- 
cation measurements.  The distribution of data versus elevation 
angle differs markedly among the four sets of certification tests. 
As a result, some of the certification tests were more useful than 
others, since data was available over a wide range of angles. 

Figure 4, for the C-130, shows relatively good distribution of data 
with angle with clustering of data between 0 to 5°, 15 to 20°, and 
30 to 40°.  This distribution allows the excess attenuation to be 
determined over a relatively wide range of elevation angles. 

Figure 5, for the Lear 24, shows clustering in the vicinity of 5 to 
10° and between 50 to 55° with no data between.  For the Lear 24 
with daisy nozzles, the data is also clustered in two groups, be- 
tween 10 to 25°, and between 45 to 60°.  There are gaps between the 
groups, with no data below 10°.  The Sabreliner 65 data, Figure 7, 
shows clustering of the data between 3 to 10° and between 50 to 
60°. 

Figures 4 through 7 also show the similarity in excess attenuation 
data obtained from comparisons of maximum levels and comparisons of 
integrated levels.  Because there was no evident systematic differ- 
ence between maximum and integrated level data, the regression 
curves were calculated using both sets of data. 

The excess attenuation curves for one-third octave bands between 50 
to 2000 Hz, (Figures 8 through 12) generally show considerable 
variation in shape at low frequencies (between 50 to 200 Hz) with 

* The AMKL curve is the average of measurements of several level 
flyovers of different aircraft (A-10, C-135A, C-141, E-3A, F-5E, 
F-15, F-18).  Data for the individual aircraft show variations of 
the order of +3 to +5 dB about the average curve. 
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relative consistency in shape from one-third octave band to another 
in higher frequencies.  For the sets of data in which measurements 
were clustered in two small ranges of elevation angles (Lear 24, 
Lear 24 with daisy nozzles, and Sabre 65), the regression curves 
based upon a three degree polynomial may show curve details not 
substantiated by the data (i.e., lower order regression curves 
would have provided equally valid fits to the data).  For the sets 
of data with a better distribution of measured excess attenuation 
with angle (the C-130 and the combined Learjet 24 data), the calcu- 
lated regression curves have better validity. 

Figures 13 through 17, showing the excess attenuation in terms of 
PNL and AL, summarize the results of the analysis in terms of wide- 
ly used aircraft noise measures.  In Figures 13 through 16, the 
differences in curves based on sine n and log n regression assump- 
tions are not large, except for the Sabre 65 (Figure 16). 

It should be remembered that the excess attenuation curves are 
based upon the comparison of both maximum levels and integrated 
levels.  Hence, although the curves of Figure 13 through 17 are 
labeled A-level and PNL, the excess attenuations should apply to 
SEL data and also to EPNL data (except for the influence of possi- 
ble tone corrections for the latter).  Note that no special assump- 
tions other than inverse square spreading were made in adjusting 
data to reference conditions (i.e., no duration assumptions* were 
imposed in adjusting the integrated data). 

Although the shapes of the A-level and PNL excess attenuation 
curves for each aircraft are generally similar, the magnitudes of 
the excess attenuation at any given angle generally differs, with 
the excess attenuation expressed in terms of PNL usually being 
larger than the AL values.  This difference is particularly evident 
for the C-130 (Figure 13) and for the curves based on the combined 
Learjet 24 data (Figure 17). 

Comparison of the PNL and AL curves derived from the individual 
sets of Lear 24 test data (Figures 14 and 15) show sizeable differ- 
ences in the magnitude of the excess attenuation and in details of 
the curve shape.  The Learjet 24 (standard nozzles) shows much 
higher excess attenuation in the vicinity of 10 to 20 degrees, as a 
consequence of the measurements clustered in the vicinity of 5 to 
10 degrees.  Curves for the Learjet 24 with daisy nozzles show low- 
er excess attenuation at small elevation angles, reflecting the ab- 
sence of data at lower elevation angles. 

* Because the ranges in slant distance were small, magnifying the 
effect of small differences in measured levels in calculating dura- 
tion adjustments, the calculated variation of the duration adjust- 
ment with distance ("slope" of the duration adjustment) showed 
quite high variability among frequency bands.  Thus, the "slope" 
values showed much greater variability than observed from analysis 
of measurements over larger distance ranges. 
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The PNL and AL curves based upon the combined Lear 24 test data 
(Figure 17) are quite different in shape from the curves based on 
the individual test sets.  Combining the test data results in im- 
proved definition of the excess attenuation over the angular range 
from about 5° to 25°.  The curves of Figure 17 show small differ- 
ences between aircraft which result solely from the differences in 
the shape of the overhead noise spectra for the two aircraft (com- 
pare Figures 23 and 24)• 

The Sabreliner 65 shows relatively high excess attenuation (order 
of 3 to 5 dB) at high elevation angles, (ranging up to 60°).  This 
trend is clearly evident in the measured data shown in Figure 7. 
The reasons for the relatively high excess attenuation at high ele- 
vation angles for the Sabreliner 65, in contrast to other aircraft, 
is not known.  However review of other certification tests for this 
aircraft indicate a similar phenomenon (i.e., the sideline levels 
at relatively large elevation angles are lower than anticipated 
with reference to the overhead levels). 

Figures 18 through 21 show the computed excess attenuation (as read 
from the regression curves) as a function of frequency and provide 
insight as to the reasons for the differences in the PNL and 
A-level curves as a function of angle.  Figure 18 compares the 
excess attenuation for the C-130 with the average curve obtained by 
AMRL from analysis of recent military aircraft data.  Note that the 
characteristic shape of the curves is quite different in that the 
C-130 measurements show higher excess attenuation at higher fre- 
quencies (about 315 Hz) than does the Air Force data.  Both curves 
show relatively large excess attenuations in the range from approx- 
imately 125 Hz to 315 Hz. 

Figure 19, for a 5° elevation angle, shows four sets of curves in 
comparison with the AMRL average curve. All of the curves derived 
from certification data show higher excess attenuations than the 
AMRL curve for frequencies above approximately 400 Hz. Note, how- 
ever, that all data (certification and AMRL) show a characteristic 
peak in excess attenuation in the vicinity of 160 to 200 Hz with a 
sharp dropoff in excess attenuation at lower frequencies. 

Figures 20 and 21, showing excess attenuation for 10° and 20° ele- 
vation angles, also show similar trends.  These curves show little 
excess attenuation at 100 Hz or lower, a distinct maximum in excess 
attenuation in the frequency range from 125 Hz to 200 Hz, with low- 
er attenuation at higher frequencies.  Again, all of the certifica- 
tion data shows higher excess attenuations at frequencies above 
about 400 Hz. 

It should be noted that the relatively consistent "peak" in excess 
attenuation generally noted in the range of 160 to 200 Hz is due, 
in large part, to ground reflections resulting from the finite 
microphone height (1.2m) used for both the certification and Air 
Force measurements. 
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CONCLUSIONS 

This study illustrates that useful excess attenuation information 
can be developed from aircraft certification data.  However, unless 
special planning steps are taken in locating the sideline posi- 
tions, the measurements from sideline locations will not necessari- 
ly cover the range of low elevation angles where excess attenuation 
is most important and where the changes in excess attenuation with 
elevation angle are likely to occur most rapidly. 

The spread in excess attenuation data, when analyzed in terms of 
one-third octave bands is quite reasonable, and the availability of 
the repeat flights, required for certification tests, provides a 
very useful data base. 

The excess attenuation values determined from composite (maximum) 
flyover values and those derived from time integrated levels show 
little difference. 

The measured excess attenuation generally showed trends with fre- 
quency that are consistent with the measurements observed in recent 
Air Force tests in the frequency range up to about 400 Hz (this in- 
cludes relatively moderate excess attenuation and even negative 
values in the frequency range of 100 Hz or lower and a maximum in 
the excess attenuations, largely attributable to the finite micro- 
phone height, in the range of 160 to 200 Hz).  The analysis of cer- 
tification data showed larger excess attenuations than the Air 
Force measurements in the frequency range above 400 Hz extending up 
to 2000 Hz.  The reasons for this difference are not known. 

The perceived noise level and A-level excess attenuation versus 
elevation angle curves for the four aircraft studies are generally 
similar in shape.  However the excess attenuation values for PNL 
were generally slightly larger than the AL values.  The difference 
in excess attenuation values for PNL and AL was most pronounced for 
the C-130 aircraft. 
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APPENDIX 

EXCESS ATTENUATION CALCULATION STEPS AND EQUATIONS 

The appendix lists the calculation steps and the equations used to 
obtain the excess attenuation data presented in the "Presentation 
of Data" section of the report.  The working equations may be 
broken into three groups: 

(a) Sideline position calculations 

(b) Takeoff position calculations 

(c) Spectrum adjustment calculations 

The various geometrical distances and angles are identified in 
Figures 2 and 3 of the report.  Throughout, as indicated in the 
figures, the basic reference distance is the slant distance, h. 
Note that this slant distance, h, does not correspond to the 
distance to the point of closest approach of the aircraft during 
the takeoff.  (The distance to point of closest approach is given 
by the quantity h*cosy).  This reference distance was chosen 
because it is identified in the certification noise measurement 
tapes, and is particularly relevant in determining the time the 
aircraft was abreast of the aircraft (sideline position) or 
directly overhead (takeoff position). 

The important quantities determined in the sideline and takeoff 
calculations are the elevation angle r\ ,   the slant distance h, and 
the distance z   (sideline) or x (takeoff) which are used to 
calculate adjustments for air absorption.  Other quantities, such 
as the angle of maximum radiation from the aircraft, were also 
determined but are not required for the excess attenuation 
calculations. 

CALCULATION STEPS FOR SIDELINE POSITION (SEE FIGURE 2) 

1. List T4 (time of maximum level) 

2. List T^ (time aircraft is abeam) 

3. Obtain ST = T4 - T3 

4- List V-j (aircraft TAS in Kt) 

5- Obtain I   =  1.69'fiT-Vj 

6.  Obtain h- 

7. Obtain 114 

8. Calculate y =  arcsin —- 

Obtain from adjusted 
altimeter reading 

(sec) 

(sec) 

(sec) 

(kt) 

(ft) 

(fit) 

(5t) 

(°) 
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*9- Calculate (ft) h = -y/S2 + h52 
V  hu 

*10. 

11. 

Obtain n = 

Calculate 

= arctan -A C) 
(ft/sec) nur SQ -1 /273'2 +T (°C) c = 1116.9 -\/   28B.2 

12. 
I.69 Vi V 

Calculate M -      J 

0 

13. Determine £ from 

5 = arcos 
s + h^ tan (90°-Y) -h -hu esc y 

(") 2h~ • h • cscy 

14. Obtain Y' = S - 90° C) 
15. Calculate 

A = l- M + 2h-siny'.M = M( A + 2h sin y") 
and 

B =|£2 + h2 (I_M2) + 2h £ sinY1 + h2 sin2 y' M2 
\k 

*16. 
„,, .       -A + B Obtain z =  5— 

(i-ivr)z 
(ft) 

17- Obtain At1 = 6t — , and note sign (sec) 

18. Calculate £' = 1.69 V-j At' , and note sign (ft) 

19- Obtain 0 from either: 

„         h - cos y? 
0 - arcsin 

0 = arcos  £,2+ z2 " h2 
2 £' z C) 

NOTE: If V   is (-), 0>9O° 

20. 
£' 

Calculate h^ - ^— (114 - h^) + h^ (6t) 

21. 
hQ 

Calculate a = arcsin -^L 
z C) 

CALCULATION STEPS FOR TAKEOFF POSITION (SEE FIGURE 3) 

1. List T]_ (time aircraft is overhead) (sec) 

2. List T2 (time of maximum level) (sec) 

3- Obtain ST = T2 - T]_ (sec) 

* In this and following pages, the * denotes calculated quantities 
impor •tant in determining the excess attenuation. 
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4. 

5- 

*6. 

7. 

*8. 

9- 

10. 

11. 

List  1.69  V-j   (Vj   is  TAS   in Kt) 

Obtain  £  =  1.69  V-j 6 T 

Obtain h 

Obtain h2 

Obtain  from  photograph 

Obtain  from  flight   data 

Calculate  y  =  arcsin 
h2  -  h 

hom-h 
or 

Y   =  arcsin   (Tom _  Tl)   ±^g  Y. 

Calculate  c =   1116 . 9 Z^7"3;2"1"  T(°CA 
r      V     288.2 

1.69VjV 

(Kt) 

(ft) 

(ft) 

(°) 

(ft/sec) 

Calculate M = 

Calculate: 
c 

and (1-M2 

x -U-M+2h sin y-M) + V&2+h2(1-M2)+2h £sin y+h2sin2 yM2 

(1 - M2) 

NOTE:  for y = 0, (level flight) 

_£.M = VO2 l^   + h2 (1-M2 

or  > 

where 

(1 - M2) 

- A + B 
(1 - M2) 
A = £.M + 2h sin yM 

(ft) 

£2 + h2 (l - M2) + 2h £siny+ h2 sin2 y-M2 

12.     Obtain At' = 6t - TJ , and note sign of At' 

13«    Calculate £' = 1.69 Vj'Af  and note sign of I 

14-    Determine 0 from either: 

0 = arcsin 

or  0 = arcos 

NOTE:  if A' is (-), 0>9O' 

(sec ) 

(ft) 

h cos y 
x 

£'2 + x2 - h2 

'IV 'X 

-h-i cosy 
and 0 = arcsin __±  

x 
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CALCULATION STEPS FOR SPECTRUM ADJUSTMENTS AND COMPARISONS 

1. Calculate speed adjustment 

ir.   1 V field 
Al = 10 l0§ ÄTFeTT" 

2. Calculate torque or thrust adjustment A2 from certification 
report charts or figures 

3. Calculate distance adjustment 

A3 = 20 log -£- 
r 

4-  For integrated spectrum adjustments to be applied to all fre- 
quency bands 

AIL = AX + A2  + A3 

5. For composite spectrum adjustments to be applied to all fre- 
quency bands 

AML = A2 +  A3    (from steps 2 & 3) 

6. Determine the IL-ML adjustment to be applied to the integrated 
spectrum levels at the reference distance.  This adjustment is 
calculated for each frequency band from the linear regression 
line fitted to values of (IL-ML) versus log (distance). 

7. Apply appropriate adjustments to the integrated spectra (steps 
5 & 6) and to the composite spectra (step 4). 

8. Adjust spectra for difference between field and reference 
temperature and humidity.  Use actual and reference path 
distances at angle of maximum radiation, 0.  Thus 

Reference distance = —. n sin 9 

Field distance = z for sideline position 
= x for takeoff position 

9. Compare adjusted sideline levels with adjusted levels for the 
takeoff position.  Tabulate the differences per sideline 
position per flight.  These differences represent the experi- 
mental excess attenuation referred to the overhead levels 
(position K in Figure 3). 
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